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and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).

The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF
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The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

BRIEFING

High Fructose Corn Syrup, NF 30 page 1768. As part of the USP monograph modernization
effort, it is proposed to make the following changes:

1. Update the monograph's Definition for percentage of fructose to represent articles in
commerce.

2. Identification test B, based on the Assay, is added to the monograph.
3. Revise the Standard solution and Sample solution preparations in the Assay.

Additionally, Chromatographic system and System suitability are updated. The Assay
calculation is revised to include all saccharides to be accounted into content of total
saccharides. Acceptance criteria for percentage of fructose for High Fructose Corn
Syrup 42% and High Fructose Corn Syrup 55% are revised. For High Fructose Corn
Syrup 55%, the percentage of monosaccharides is changed from “NLT 95.0%” to
“NLT 94.0%”, and the percentage of other saccharides is changed from “NMT 5.0%”
to “NMT 6.0%”.

4. Update the test for Limit of Lead to include the use of an Alternate matrix modifier
solution, revise the Sample solution, and provide detailed information for furnace
program, injection, and Samples for analysis.

5. Update the test for Total solids to provide comprehensive percentage of total solids,
and add acceptance criteria.

6. Delete the requirement for reporting a minimum percentage concentration of total
saccharides in the Labeling section.

Minor editorial changes are also made to align with the USP monograph redesign initiative.

The comment period for this revision ends March 31, 2013. In the absence of significant
adverse comments, it is proposed to implement this revision via an Interim Revision
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Announcement to USP 37–NF 32, with an official date of July 1, 2013. Interested parties are
encouraged to comment on the proposal.

(EXC: H. Wang.)
Correspondence Number—C101912; C116434; C117203

Comment deadline: March 31, 2013
High Fructose Corn Syrup

DEFINITION

Change to read:

High Fructose Corn Syrup is a sweet, nutritive saccharide mixture prepared as a clear, aqueous
solution
a clear aqueous solution of saccharides prepared

from high-dextrose-equivalent corn starch hydrolysate by the partial enzymatic conversion of
dextrose to fructose, using an insoluble glucose isomerase enzyme preparation that complies
with 21 CFR 184.1372. It is available in two types, 42% and 55%, based on fructose content
as a proportion of total saccharides.

High Fructose Corn Syrup 42% contains NLT 97.0% of total saccharides, expressed as a
percentage of total solids, of which NLT 92.0% consists of monosaccharides, (fructose and
dextrose), including NLT 41.5% and NMT 44.8% of fructose,
including 41.0%–50.0% of fructose,

and NMT 8.0% consists of other saccharides. High Fructose Corn Syrup 55% contains NLT
95.0% of total saccharides, expressed as a percentage of total solids, of which NLT 95.0%
consists of monosaccharides (fructose and dextrose), including NLT 54.5% and NMT 56.5% of
fructose, and NMT 5.0% consists of other saccharides.
NLT 94.0% consists of monosaccharides, including 54.0%–60.0% of fructose, and NMT 6.0%

consists of other saccharides.

IDENTIFICATION
•  A.

Analysis:  Add a few drops of a solution (1 in 10) of Syrup to 5 mL of hot, alkaline cupric
tartrate TS.

Acceptance criteria:  A copious, red precipitate of cuprous oxide is formed (distinction
from sucrose).

Add the following:
•  B. It meets the requirements of the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Water
Standard solution:  Prepare a solution in water containing a total of 10% saccharide

solids of USP Dextrose RS, USP Fructose RS, and USP Maltose Monohydrate RS, in which
the USP Dextrose RS and USP Fructose RS percentage concentrations are in the same
ratio as those in the Sample solution, based on the labeled nominal fructose percentage

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)
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for the Syrup under test.

Calculate the percentage of USP Maltose Monohydrate RS:

Result = 100  (F + D)

F= labeled nominal fructose percentage for the Syrup under test
D= difference between the specified minimum percentage concentration of total

monosaccharides for the Syrup and F

Sample solution:  Dilute a known weight of Syrup, determined from the results of the test
for Total Solids and on the nominal total saccharides content, with water to a total
saccharides concentration of 10% (w/v), and mix.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  Refractive index
Column:  7.8-mm × 30-cm; packing L19
Temperature 

Detector:  45

Column:  85
Flow rate:  0.6 mL/min
Injection size:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for maltose, dextrose, and fructose are about 0.83,

1.0, and 1.32, respectively.]
Suitability requirements 

Resolution:  NLT 1.2 between maltose and dextrose
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of fructose and of dextrose in the portion of Syrup taken:

Result = (rU/rS) × CS × {VA/[WS × (0.01 × S1) × (0.01 × S2)]} × 100

rU= peak area of fructose or dextrose from the Sample solution
rS= peak area of fructose or dextrose from the Standard solution
CS= concentration of USP Fructose RS or USP Dextrose RS in the Standard solution

(mg/mL)
VA= volume of the Sample solution (mL)
WS= weight of Syrup taken to prepare the Sample solution (mg)
S1= percentage of total saccharides in the Syrup as specified on the label
S2= percentage of total solids in the Syrup as determined in the test for Total Solids

Calculate the percentage of other saccharides, expressed in terms of maltose, in the
portion of Syrup taken:

Result = (rU/rS) × CS × {VA/[WS × (0.01 × S1) × (0.01 × S2)]} × 100
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rU= sum of all peak areas from the Sample solution, except those of fructose and dextrose
rS= peak area of maltose from the Standard solution
CS= concentration of USP Maltose Monohydrate RS in the Standard solution (mg/mL)
VA= volume of the Sample solution (mL)
WS= weight of Syrup taken to prepare the Sample solution (mg)
S1= percentage of total saccharides in the Syrup as specified on the label
S2= percentage of total solids in the Syrup as determined in the test for Total Solids

Acceptance criteria 
For High Fructose Corn Syrup 42% 

Total saccharides:  NLT 97.0%, expressed as a percentage of total solids. Total
saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides:  NLT 92.0% (fructose and dextrose)
Fructose:  41.5%–44.8%
Other saccharides:  NMT 8.0%

For High Fructose Corn Syrup 55% 
Total saccharides:  NLT 95.0%, expressed as a percentage of total solids. Total

saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides:  NLT 95.0% (fructose and dextrose)
Fructose:  54.5%–56.5%
Other saccharides:  NMT 5.0%

Mobile phase:  Water
Standard solution:  Prepare a solution in water, containing a total of 10% (w/v)

saccharide solids, using USP Dextrose RS, USP Fructose RS, and USP Maltose
Monohydrate RS, in proportions that approximate, on the Total Solids basis, the
composition of High Fructose Corn Syrup to be analyzed, as shown in Table 1.

Table 1

Component
High Fructose Corn Syrup

42%
High Fructose Corn Syrup

55%

USP Fructose RS 4.2% 5.5%
USP Dextrose RS 5.0% 4.0%
USP Maltose

Monohydrate RS 0.8% 0.5%
Sample solution:  Dilute a known weight of Syrup, determined from the result of the

test for Total Solids, with water to have 10% (w/v) solids.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  7.8-mm × 30-cm; packing L19
Temperatures 

Detector:  45

Column:  85
Flow rate:  0.6 mL/min
Injection volume:  10 µL
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Run time:  20 min
System suitability 

Sample:  Standard solution
[Note—The relative retention times for maltose, dextrose, and fructose are about 0.83,

1.00, and 1.32 respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between maltose and dextrose, and NLT 1.5 between dextrose
and fructose

Relative standard deviation:  NMT 1.0% for fructose peak
Analysis 

Samples:  Standard solution and Sample solution

Inject a volume (about 10 µL) of the Sample solution, and measure all the peak
areas. The elution pattern includes the higher degree of polymerized saccharides
(DP4+), followed by tri-saccharides (DP3), maltose, dextrose, and fructose. The
higher-molecular-weight polysaccharides containing more than 4 d-glucopyranosyl
units can be integrated into one peak representing by the peak of DP4+.

[Note—The relative retention times for higher degrees of polymerized saccharides
(DP4+), tri-saccharides (DP3), maltose, dextrose, and fructose are about 0.66, 0.74,
0.82, 1.00, and 1.32, respectively, from the Sample solution.]

Calculate the percentage of monosaccharides, PMS, expressed in terms of fructose
(PF) and dextrose (PD), in the total solid portion of Syrup taken:

Result (PMS) = PF + PD

Result (PF) = (rFU/rFS) × [CFS × VU/(WU × 0.01 × PSolid)] × 100

Result (PD) = (rDU/rDS) × [CDS × VU/(WU × 0.01 × PSolid)] × 100

rFU = peak area of fructose from the Sample solution
rFS = peak area of fructose from the Standard solution
CFS= concentration of USP Fructose RS in the Standard solution (mg/mL)
VU = volume of the Sample solution (mL)
WU = weight of Syrup taken to prepare the Sample solution (mg)
PSolid= percentage of total solids in the Syrup as determined in the test for Total Solids
rDU= peak area of dextrose from the Sample solution
rDS = peak area of dextrose from the Standard solution
CDS= concentration of USP Dextrose RS in the Standard solution (mg/mL)

Calculate the percentage of other saccharides, POS, expressed in terms of maltose
(PDP2), tri-saccharides (DP3) (PDP3), and higher degree of polymerized saccharides
(DP4+) (PDP4+), in the total solid portion of Syrup taken:

Result (POS) = PDP2 + PDP3 + PDP4+ = [(rU1 + rU2 + rU3)/rS] × [CS × VU/(WU × 0.01 ×
PSolid)] × 100

rU1 = peak area of maltose from the Sample solution
rU2 = peak area of tri-saccharides (DP3) from the Sample solution
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rU3 = peak area of higher degree of polymerized saccharides (DP4+) from the Sample
solution

rS = peak area of maltose from the Standard solution
CS = concentration of USP Maltose Monohydrate RS in the Standard solution (mg/mL)
VU = volume of the Sample solution (mL)
WU = weight of Syrup taken to prepare the Sample solution (mg)
PSolid= percentage of total solids in the Syrup as determined in the test for Total Solids

Calculate the percentage of total saccharides, PTS, expressed as a percentage of
total solids:

Result (PTS) = PMS + POS

Calculate the percentage of monosaccharides in total saccharides:

Result = (PMS/PTS) × 100

Calculate the percentage of fructose in total saccharides:

Result = (PF/PTS) × 100

Calculate the percentage of other saccharides in total saccharides:

Result = (POS/PTS) × 100

Acceptance criteria 
For High Fructose Corn Syrup 42% 

Total saccharides:  NLT 97.0%, expressed as a percentage of total solids. Total
saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides:  NLT 92.0%
Fructose:  41.0%–50.0%
Other saccharides:  NMT 8.0%

For High Fructose Corn Syrup 55% 
Total saccharides:  NLT 95.0%, expressed as a percentage of total solids. Total

saccharides contain monosaccharides and other saccharides as follows.
Monosaccharides:  NLT 94.0%
Fructose:  54.0%–60.0%
Other saccharides:  NMT 6.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.05%

•  Heavy Metals, Method II 231 : NMT 5 µg/g, using an ignition temperature of 500

Change to read:
•  Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,

use water that has been passed through a strong-acid, strong-base, mixed-bed ion-
exchange resin. For digestion, use acid-cleaned, high-density polyethylene, polypropylene,
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polytef, or quartz tubes. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in borosilicate glass containers. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and rinsing with
deionized water. Store final diluted solutions in acid-cleaned plastic or polytef tubes or
bottles.]

Modifier solution:
Matrix modifier solution:

 200 mg/mL of magnesium nitrate. Just before use, transfer 1.0 mL of this solution to a 10-
mL volumetric flask, and dilute with 5% nitric acid to volume.
Alternate matrix modifier solution:  Just before use, add 0.3 mL of commercially
available 10,000 µg/mL palladium standard solution and 5 mL of commercially available
10,000 µg/mL magnesium nitrate standard solution to 9.7 mL of 5% nitric acid, and mix
well. [Note—Alternate matrix modifier solution can be used to replace the Matrix
modifier solution. Then the air ashing step in the furnace program (see Table 2) can be
omitted.]

Standard stock solution:  Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as

directed in Heavy Metals 231 , to a 100-mL volumetric flask, add 40 mL of water and 5
mL of nitric acid, and dilute with water to volume. Transfer 1.0 mL of this solution to a
second 100-mL volumetric flask, dilute with 5% nitric acid to volume, and mix. This
solution contains 0.1 µg/mL of lead.

Standard solutions:  Transfer portions of Standard stock solution to four suitable
containers, and dilute with 5% nitric acid to obtain Standard solutions having lead
concentrations of 100, 50, 25, and 10 ng/mL, respectively.

Sample solution:   [Note—Perform this procedure in a fume hood.]Transfer 1.5 g of Syrup
to two digestion tubes, labeled “Sample solution” and “Temperature monitor solution”, and

add 0.75 mL of nitric acid to each tube. Warm both solutions slowly to 90 –95  to avoid
spattering. Heat until all brown vapors have dissipated and any rust-colored tint is gone
from the tube labeled “Sample solution” (20–30 min). Cool, add 0.5 mL of 50% hydrogen

peroxide dropwise to both solutions, heat to 90 –95  for 5 min, and cool. Add a second

0.5-mL portion of 50% hydrogen peroxide dropwise to each solution, and heat to 90 –100

 for 5–10 min until the tube labeled “Sample solution” is clear. Cool, and transfer the
Sample solution to a 10-mL volumetric flask. Rinse the tube labeled “Sample solution” with
5% nitric acid, add the rinsing to the volumetric flask, dilute with 5% nitric acid to volume,
and mix.
 [Note—Perform this procedure in a fume hood. To ensure that a representative subsample
of Syrup is used for analysis, ultrasonic and/or vortex mixing of Syrup samples prior to
weighing is recommended.]Transfer 1.5 g of Syrup to two digestion tubes, labeled “Sample
solution” and “Temperature monitor solution”, and add 0.75 mL of nitric acid to each tube.
Place a thermometer in the tube labeled “Temperature monitor solution”, then use the
Temperature monitor solution solely to monitor temperature to be within ranges specified

by the method. Warm both solutions slowly to 90 –95  to avoid spattering. Heat until all
brown vapors have dissipated and the samples no longer have a rust-colored tint. This
typically takes 20–30 min. Allow the samples to cool. Add 0.5 mL of 50% hydrogen

peroxide dropwise to both solutions, heat to 90 –95  for 5 min, and cool. Add a second

0.5-mL portion of 50% hydrogen peroxide dropwise to both solutions, and heat to 90 –100
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 for 5–10 min or until the solutions are clear. Cool, and transfer the Sample solution to a
10-mL volumetric flask. Rinse the tube labeled “Sample solution” with 5% nitric acid, add
the rinsing to the volumetric flask, dilute with 5% nitric acid to volume, and mix.

Standard blank:  5% nitric acid
Sample blank:  Transfer 1.5 g of water to a digestion tube, and proceed as directed for

the Sample solution, beginning with “add 0.75 mL of nitric acid”.
Instrumental conditions 

Mode:  Graphite furnace atomic absorption with pyrolytically coated graphite tubes and
adequate means of background correction

Lamp:  A lead hollow-cathode
Analytical wavelength:  Lead emission line of 283.3 nm
Furnace program:  See Table 1
Table 2.

[Note—The temperature program may be modified to obtain optimum furnace
temperatures.]

Table 1

Step Dry Ash Purge Atomize

Temperature

( ) 200 750

Cool down, and purge the air from the
furnace
20 1800

Ramp time (s)20 40 — 0
Hold time (s) 30 40 60 10
Argon flow

rate 
(mL/min) 300 300 300

Argon gas flow
stopped

Table 2

Step

Temperature 

( )
Ramp

(s)
Hold Time

(s) Gas
Gas Flow Rate

(mL/min)
Read

(s)

Dry 200 20 30 Argon 300 —
Char (Ash) 750 40 40 Aira 300 —

Cool Down 20 1 60 Argon 300 —
Atomize 1800 0 10 Argon Stop flow 10
Clean 2600 1 7 Argon 300 —
Cool Down 20 1 5 Argon 300 —

a  If Matrix modifier solution is used, air ashing must be used in the experiment. If
Alternate matrix modifier solution is used, air can be substituted with argon. 

If the Matrix modifier solution is used, the furnace controller must be able to handle two
gas flows to facilitate air ashing. Argon is used as the purge gas for the furnace for all
steps but the char. Oxygen ashing is used to avoid build-up of residue during the char
step. Breathing quality air is used as the alterative gas for the air ashing. The long (60
s) “Cool Down” step prior to atomization ensures that the air used for the oxygen ashing
(char) is cleared from the furnace.

Injection volume:  20 µL

(IRA 1-Jul-2013)
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Autosampler 
Sample volume:  20 µL
Alternative volume:  5 µL of Matrix modifier solution (or Alternate matrix modifier

solution)

Analysis 
[Note—Use peak area measurements for all quantitations.]

Samples:   Add 5 µL of the Modifier solution to 20 µL each of the Standard solutions, the
Sample solution, the Standard blank, and the Sample blank, and mix.

Separately inject equal volumes (about 20 µL) of the Samples into the instrument for analysis.

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

Using the Standard blank to set the instrument to zero, determine the integrated absorbances
of the Standard solutions. Plot the integrated absorbances of the Standard solutions versus
their contents of lead, in ng/mL, and draw the line best fitting the four points to determine the
calibration curve. Similarly determine the integrated absorbances of the Sample solution and
the Sample blank. Correct the absorbance value of the Sample solution by subtracting from it
the absorbance value obtained from the Sample blank. 
Calculate the concentration of lead, in µg/g, in the portion of Syrup taken:

Result = (V × CL/W) × F

V= volume of the Sample solution, 10 mL
CL= concentration of lead in the Sample solution, as determined from the calibration curve

(ng/mL)
W= weight of Syrup taken to prepare the Sample solution (g)
F= conversion factor, 10 3 µg/ng

Acceptance criteria:  NMT 0.1 µg/g
•  Limit of Sulfur Dioxide

Starch indicator solution:  Mix 10 g of soluble starch with 50 mL of cold water. Transfer to
1000 mL of boiling water, stir until completely dissolved, cool, and add 1 g of salicylic acid
preservative. [Note—Discard the solution after 1 month.]

Sample:  100 g
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.005 N iodine VS
Blank:  200 mL of water
Endpoint detection:  Visual

Analysis:  Transfer the Sample to a 250-mL conical flask, add 100 mL of water, and mix.

Cool to 5 –10 . While stirring with a magnetic stirrer, add 10 mL of cold (5 –10 ) 1.5 N

(IRA 1-Jul-2013)
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sodium hydroxide. Stir for an additional 20 s, and add 10 mL of Starch indicator solution.

Add 10 mL of cold (5 –10 ) 2.0 N sulfuric acid, and titrate immediately with Titrant until a
light blue color persists for 1 min. Perform a blank determination, and make any necessary
correction. 
Calculate the concentration, in µg/g, of sulfur dioxide (SO2) in the Sample taken:

Result = {[(VS  VB) × N × F1]/W} × F2

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F1= equivalency factor, 32.0 mg/mEq
W= Sample weight (g)
F2= conversion factor, 103 µg/mg

Acceptance criteria:  NMT 30 µg/g

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeast count does not exceed 102 cfu/g.

Change to read:

•  Total Solids: Determine the refractive index of the Syrup at 20  or 45  (see Refractive

Index 831 ). Use Table 2 for calculating the percentage of dry substance (percentage
of total solids on a weight/weight basis).

Table 2

Fructose Content
(%)

Dry Substance (DS)
(%) Refractive Index at 20 Refractive Index at 45

42 70.5 1.4632 1.4577
— 71.0 1.4643 1.4589
— 72.0 1.4667 1.4612
— 73.0 1.4691 1.4635
55 76.5 1.4774 1.4716
— 77.0 1.4786 1.4728
— 78.0 1.4811 1.4752
— 79.0 1.4835 1.4776

Determine the refractive index of the Syrup at 20  or 45  (see Refractive Index 831 ). Use
Table 3 and Table 4 for calculating the percentage of total solids on a weight/weight basis.
If necessary, interpolate between the refractive index values to find the percentage of
total solids to the nearest 0.1%.

Table 3. High Fructose Corn Syrup 42%

Percentage of Total Solids (PSolid)
(%) Refractive Index at 20 Refractive Index at 45

69.0 1.4597 1.4543
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70.0 1.4620 1.4565
70.5 1.4632 1.4577
71.0 1.4643 1.4589
72.0 1.4667 1.4612
73.0 1.4691 1.4635
74.0 1.4715 1.4658
75.0 1.4738 1.4683
76.0 1.4763 1.4707
77.0 1.4787 1.4731
78.0 1.4811 1.4755
79.0 1.4836 1.4779
80.0 1.4861 1.4804
81.0 1.4886 1.4829

Table 4. High Fructose Corn Syrup 55%

Percentage of Total Solids (PSolid)
(%) Refractive Index at 20 Refractive Index at 45

75.0 1.4738 1.4680
76.0 1.4762 1.4704
76.5 1.4774 1.4716
77.0 1.4786 1.4728
78.0 1.4811 1.4752
79.0 1.4835 1.4776
80.0 1.4860 1.4801
81.0 1.4885 1.4826

Acceptance criteria 
High Fructose Corn Syrup 42%:  NLT 70.5%
High Fructose Corn Syrup 55%:  NLT 76.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. No storage requirement specified.

Change to read:
•  Labeling: Label it to state, as part of the official title, the nominal percentage of fructose.

based on the specified minimum percentage concentration of total saccharides

Label it to indicate the presence of sulfur dioxide if the residual concentration is greater than
10 µg/g.

•  USP Reference Standards 11
USP Dextrose RS 
USP Fructose RS 
USP Maltose Monohydrate RS 

BRIEFING

Escitalopram Oxalate, USP 35 page 3094 and PF 38(1) [Jan.–Feb. 2012]. As part of USP
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monograph improvement efforts, it is proposed to revise the monograph as follows:

1. The note in the Assay is revised to remove text that is not suitable for the public
standard.

2. The calculations in the tests for Enantiomeric Purity and Organic Impurities are revised
for clarification and consistency with the original submission.

3. The USP Reference Standards section is revised to indicate in that USP Citalopram
Related Compound D RS may be available in either the hydrochloride or hydrobromide
salt form.

Additionally, several minor editorial changes have been made to update the monograph to
current USP style.

The comment period for this revision ends March 31, 2013. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement, with an official date of July 1, 2013.

(SM4: H. Joyce.)
Correspondence Number—C122227

Comment deadline: March 31, 2013
Escitalopram Oxalate

C20H21FN2O·C2H2O4       414.43 

S-(+)-5-Isobenzofurancarbonitrile, 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-
dihydro-, oxalate;     
S-(+)-1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarbonitrile oxalate    
[219861-08-2].

DEFINITION

Escitalopram Oxalate contains NLT 98.0% and NMT 102.0% of escitalopram oxalate
(C20H21FN2O·C2H2O4), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  3.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid or
sodium hydroxide solution to a pH of 3.0 before final dilution.

Solution A:  Acetonitrile and Buffer (10:90)
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Solution B:  Acetonitrile and Buffer (65:35)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Flow Rate
(mL/min)

0 95 5 1
35 65 35 1
45 0 100 1

45.1 0 100 2
60 0 100 2

60.1 95 5 1
68 95 5 1

[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 1.6 mL. The injection time can be adjusted relative to the start of a run to
accommodate changes in dwell volume from one HPLC system to another to achieve the
separation described.
 

]
System suitability solution:  2 µg/mL each of USP Escitalopram Oxalate RS and USP

Citalopram Related Compound D RS in Solution A
Standard solution:  0.5 mg/mL of USP Escitalopram Oxalate RS in Solution A
Sample solution:  0.5 mg/mL of Escitalopram Oxalate in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 237 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  45
Flow rate:  See Table 1.
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between escitalopram and citalopram related compound D, System
suitability solution

Tailing factor:  0.8–3, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of escitalopram oxalate (C20H21FN2O·C2H2O4) in the portion of
Escitalopram Oxalate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution

(IRA 1-Jul-2013)

PF 39(1): Jan.-Feb. 2013 21



rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  98.0–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Enantiomeric Purity

Buffer:  Dissolve 6.8 g of monobasic potassium phosphate in 250 mL of water, add 150 mL
of 0.2 N sodium hydroxide, adjust with phosphoric acid or sodium hydroxide solution to a
pH of 7.0, and dilute with water to 1 L.

Mobile phase:  Acetonitrile and Buffer (15:85)
System suitability solution:  125 µg/mL each of USP R-Citalopram Oxalate RS and USP

Escitalopram Oxalate RS in Mobile phase
Sample solution:  125 µg/mL of Escitalopram Oxalate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L57

Column temperature:  30
Flow rate:  0.6 mL/min
Injection volume:  15 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 1.3 between R-citalopram and escitalopram
Tailing factor:  0.8–2.5 for escitalopram

Analysis 
Sample:  Sample solution

Calculate the percentage of R-citalopram oxalate in the portion of Escitalopram Oxalate
taken:

Result = (rU/rS) × 100

Result = (rU/rT) × 100

rU = peak response of R-citalopram from the Sample solution
rS = peak response of escitalopram from the Sample solution
rT  = sum of peak responses from R-citalopram and escitalopram in the Sample

solution
Acceptance criteria:  NMT 3.0%

Change to read:

(IRA 1-Jul-2013)
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•  Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, System suitability solution, Standard

solution, Sample solution, and Chromatographic system:  Proceed as directed in the
Assay.
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between escitalopram and citalopram related compound D,
System suitability solution

Tailing factor:  0.8–3, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Buffer, Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.
System suitability solution A:  2 µg/mL each of USP Escitalopram Oxalate RS and USP

Citalopram Related Compound D RS in Solution A
System suitability solution B:  0.5 mg/mL of USP Escitalopram Oxalate RS in Solution

A
System suitability 

Samples:  System suitability solution A and System suitability solution B
Suitability requirements 

Resolution:  NLT 1.5 between escitalopram and citalopram related compound D,
System suitability solution A

Tailing factor:  0.8–3, System suitability solution B
Relative standard deviation:  NMT 2.0%, System suitability solution B

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Escitalopram Oxalate taken:

Result = (rU/rS) × (1/F) × 100

Result = (rU/rT) × (1/F) × 100

rU = peak response of each impurity from the Sample solution
rS = peak response of escitalopram from the Standard solution
rT= peak response of escitalopram from the Sample solution

F = relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Oxalic acida 0.075 — —
5-Dimethylaminobutyryl citalopramb 0.40 0.34 0.2
Citalopram related compound Ac 0.50 0.79 0.1
Citalopram related compound B (3-
hydroxycitalopram)d 0.74 1.0 0.1
Citalopram related compound C (3-
oxocitalopram)e 0.90 0.79 0.1
Citalopram related compound D (desmethyl
citalopram) 0.97 1.0 0.1
Escitalopram 1.0 — —
Citalopram related compound E (citalopram
N-oxide)f 1.1 1.0 0.1
Individual unspecified impurity — 1.0 0.1
Total impurities — — 0.5

a Included for identification only. This peak is due to the oxalate counterion and hence is
not an impurity. 
b  1-(3-Dimethylaminopropyl)-1-(4¢-fluorophenyl)-5-(4-dimethylaminobutyryl)-1,3-
dihydroisobenzofuran.
c  1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxamide.
d  1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5-
carbonitrile.
e  3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
f  1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
carbonitrile-N-oxide.

SPECIFIC TESTS

•  Water Determination, Method Ia 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP R-Citalopram Oxalate RS  

(R)-1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarbonitrile oxalate.     
C20H21FN2O·C2H2O4      414.43

USP Citalopram Related Compound D RS.
[Note—May be available as a hydrochloride or a hydrobromide salt.]

1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile
hydrochloride.     
C19H19FN2O·HCl      346.83 

USP36

USP36
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1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile
hydrobromide.
C19H19FN2O·HBr      391.28

USP Escitalopram Oxalate RS 

BRIEFING

Famciclovir, the Revision Bulletin posted on the USP website on July 27, 2012, with an official
date of February 1, 2013. On the basis of comments received, it is proposed to add
Procedure 2 and a test for Famciclovir Related Compound E and Famciclovir Related
Compound F for Organic Impurities, using a flexible monograph approach, to control the
potential impurities by a different synthetic route. This proposed revision also necessitates
the addition of a labeling statement and a revision of the section USP Reference Standards 

11 . A minor editorial change was also made to rename the N-acetyl famciclovir impurity
in Table 2 to N2-acetyl famciclovir, to be consistent with the same impurity name used in
Procedure 2 in Table 4.

The HPLC procedure in the test for Organic Impurities, Procedure 2 is based on analysis
performed with the Supelcosil LC-ABZ brand of L60 column. The typical retention time for
famciclovir is 29 min. The HPLC procedure in the test for Famciclovir Related Compound E
and Famciclovir Related Compound F is based on analyses performed with the Spherisorb
ODS2 brand of L1 column. The typical retention time for famciclovir is 9.3 min.

The comment period for this revision ends March 31, 2013. In the absence of negative
comments, it is proposed to implement this revision through an Interim Revision
Announcement, with an official date of July 1, 2013.

(SM1: B. Davani.)
Correspondence Number—C92486

Comment deadline: March 31, 2013

Add the following:
Famciclovir

C14H19N5O4       321.33 

1,3-Propanediol, 2-[2-(2-amino-9H-purin-9-yl)ethyl]-, diacetate (ester);     
2-[2-(2-Amino-9H-purin-9-yl)ethyl]-1,3-propanediol diacetate (ester)     [104227-87-4].

DEFINITION

Famciclovir contains NLT 98.0% and NMT 102.0% of famciclovir (C14H19N5O4), calculated on
the dried basis.

(IRA 1-Jul-2013)
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IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Dilute acid:  Dilute 5 mL of phosphoric acid with water to 50 mL.
Diluent:  Water
Buffer:  2.72 g/L of monobasic potassium phosphate in water. Adjust with Dilute acid to a

pH of 4.0 ± 0.05.
Mobile phase:  Acetonitrile and Buffer (35:65)
Standard solution:  25 µg/mL of USP Famciclovir RS in Diluent
Sample solution:  25 µg/mL of Famciclovir in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  5 times the retention time of famciclovir

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of famciclovir (C14H19N5O4) in the portion of Famciclovir taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Famciclovir RS in the Standard solution (mg/mL)
CU= concentration of Famciclovir in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 µg/g

Change to read:
•  Organic Impurities,
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Procedure 1:
[Note—On the basis of the synthetic route resulting in different impurity profiles, perform

Procedure 1 or Procedure 2. Procedure 1 is recommended when dimethylaminopyridine,
penciclovir, deoxychloro famciclovir, propionyl famciclovir, and 6-alkylamino famciclovir may
be present (see Table 2). Procedure 2 is recommended when famciclovir malonate,
acetoxybutyl aminopurine, famciclovir methoxycarbonyl analog, famciclovir related
compound C, famciclovir 7, N2-dimer, and famciclovir 6,6-dimer may be present (see Table
4).]

Dilute acid, Buffer, and Diluent:  Prepare as directed in the Assay.
Solution A:  Buffer
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 95 5
35 70 30
40 70 30
42 95 5
50 95 5

System suitability solution:  0.5 mg/mL of USP Famciclovir System Suitability Mixture RS in
Diluent

Standard solution:  0.5 µg/mL of USP Famciclovir RS, 1 µg/mL of USP Famciclovir Related
Compound A RS, and 3 µg/mL of USP Famciclovir Related Compound B RS in Diluent

Sample solution:  500 µg/mL of Famciclovir in Diluent. [Note—The solution is stable for 15 h at

6 .]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between the propionyl famciclovir and 6-chloro famciclovir peaks,
System suitability solution

Tailing factor:  NMT 1.5 for the famciclovir peak, System suitability solution
Column efficiency:  NLT 20,000 theoretical plates for the famciclovir peak, System

suitability solution
Relative standard deviation:  NMT 5.0% for the famciclovir peak; NMT 10.0% for the

famciclovir related compound A and B peaks, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

(IRA 1-Jul-2013)
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Calculate the percentage of each impurity in the portion of Famciclovir taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of famciclovir from the Standard solution
CS= concentration of USP Famciclovir RS in the Standard solution (µg/mL)
CU= concentration of Famciclovir in the Sample solution (µg/mL)
F= relative response factor for each individual impurity (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Dimethylaminopyridinea 0.12 0.59 0.05
Penciclovirb 0.16 0.29 0.50
Famciclovir related compound Ac 0.19 1.3 0.20
Famciclovir related compound Bd 0.51 1.1 0.60

N-7 Isomer of famciclovire 0.89 0.92 0.10
Famciclovir 1.0 — —

N2-Acetyl famciclovirf 1.05 0.56 0.10
Deoxychloro famciclovirg 1.26 0.87 0.20
Propionyl famciclovirh 1.32 0.88 0.15
6-Chloro famcicloviri 1.36 0.85 0.15
6-Alkylamino famciclovirj 1.83 0.46 0.10
Any other unspecified impurity — 1.0 0.10
Total impurities — — 1.0

a  N,N-Dimethylpyridin-4-amine. 
b  9-[4-Hydroxy-3-(hydroxymethyl)butyl]guanine. 
c  2-[2-(2-Amino-9H-purin-9-yl)ethyl]propane-1,3-diol. 
d  4-(2-Amino-9H-purin-9-yl)-2-(hydroxymethyl)butyl acetate. 
e  2-[2-(2-Amino-7H-purin-7-yl)ethyl]propane-1,3-diyl diacetate. 
f  2-[2-(2-Acetamido-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate. 
g  4-(2-Amino-9H-purin-9-yl)-2-(chloromethyl)butyl acetate. 
h  2-(Acetoxymethyl)-4-(2-amino-9H-purin-9-yl)butyl propionate. 
i  2-[2-(2-Amino-6-chloro-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate. 
j  2-(2-{6-[4-Acetoxy-3-(acetoxymethyl)butylamino]-2-amino-9H-purin-9-yl}ethyl)propane-

1,3-diyl diacetate. 

Add the following:
•  Organic Impurities, Procedure 2

Buffer:  3.85 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 5.0.
Solution A:  4.14 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid
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to a pH of 2.2.
Solution B:  Acetonitrile and Solution A (25:75)
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 99.5 0.5
5 92 8
30 92 8
65 20 80
70 20 80

70.1 99.5 0.5
79 99.5 0.5

Diluent:  Acetonitrile and Buffer (5:95)
System suitability solution:  1 mg/mL of USP Famciclovir RS and 1 µg/mL of USP

Famciclovir Related Compound A RS, 5 µg/mL of USP Famciclovir Related Compound B RS,
and 4 µg/mL of USP Famciclovir Related Compound C RS prepared as follows. Dissolve
appropriate amount of standard in 5% of the final volume of acetonitrile, and dilute with
Buffer to final volume.

Standard stock solution:  1 mg/mL of USP Famciclovir RS prepared as follows. Dissolve USP
Famciclovir RS in 5% of the final volume of acetonitrile, and dilute with Buffer to final
volume.

Standard solution:  1 µg/mL of USP Famciclovir RS in Diluent from the Standard stock
solution

Sensitivity solution:  0.3 µg/mL in Diluent of USP Famciclovir RS from the Standard solution
Sample solution:  1 mg/mL of famciclovir prepared as follows. Dissolve famciclovir in 5% of

the final volume of acetonitrile, and dilute with Buffer to final volume.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L60
Temperatures 

Column:  35

Sample:  6
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 

Resolution:  NLT 0.6 between the famciclovir and famciclovir related compound C peak;
the famciclovir related compound A peak is resolved from peaks due to solvent front,
System suitability solution

Relative standard deviation:  NMT 20% for famciclovir related compound A; NMT 10%
for famciclovir related compound B; and NMT 10% for famciclovir related compound C,
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System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Famciclovir taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of famciclovir from the Standard solution
CS= concentration of USP Famciclovir RS in the Standard solution (µg/mL)
CU= concentration of Famciclovir in the Sample solution (µg/mL)
F= relative response factor for each individual impurity (see Table 4)
Acceptance criteria See Table 4. Disregard peaks less than 0.03%.

Table 4

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Famciclovir related compound Aa 0.09 1.4 0.1

Famciclovir related compound Bb 0.28 1.1 0.5

Famciclovir malonatec 0.35 1.1 0.1

Acetoxybutyl aminopurined 0.41 1.3 0.1

Hydroxyfamciclovire 0.43 1.0 —f

Famciclovir methoxycarbonyl analogg 0.54 0.96 0.1

N-7 Isomer of famciclovirh 0.88 0.69 0.1

Famciclovir related compound Ci 0.94 1.2 0.4

Famciclovir 1.00 — —

N7-Acetyl famciclovirj 1.50 0.46 —f

N2 Acetyl famciclovirk 1.67 0.55 —f

6-Methoxy Famciclovirl 1.76 0.18 —f

6-Chloro Famciclovirm 2.01 0.66 0.1

Famciclovir 7,N2-dimern 2.18 1.0 0.2

Famciclovir 6,6-dimero 2.29 0.53 0.07

Any other unspecified impurity — 1.0 0.06
Total impurities — — 0.8
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a  2-[2-(2-Amino-9H-purin-9-yl)ethyl]propane-1,3-diol. 
b  4-(2-Amino-9H-purin-9-yl)-2-(hydroxymethyl)butyl acetate. 
c  Dimethyl 2-[2-(2-amino-9H-purin-9-yl)ethyl]malonate. 
d  4-(2-Amino-9H-purin-9-yl)butyl acetate. 
e  2-[2-(2-Amino-9H-purin-9-yl)ethyl]-2-hydroxypropane-1,3-diyl diacetate. 
f  No individual limit but included in total impurities. 
g  Methyl 2-(acetoxymethyl)-4-(2-amino-9H-purin-9-yl)butanoate. 
h  2-(2-(2-Amino-7H-purin-7-yl)ethyl)propane-1,3-diyl diacetate. 
i  4-(2-Amino-9H-purin-9-yl)-2-methylbutyl acetate. 
j  2-{2-[7-Acetyl-2-amino-7H-purin-9(8H)-yl]ethyl}propane-1,3-diyl diacetate. 
k  2-[2-(2-Acetamido-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate. 
l  2-[2-(2-amino-6-methoxy-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate. 
m  2-[2-(2-amino-6-chloro-9H-purin-9-yl)ethyl]propane-1,3-diyl diacetate. 
n  2-{2-[2-(1-{9-[4-Acetoxy-3-(acetoxymethyl)butyl]-2-amino-9H-purin-8-

yl}ethylamino)-9H-purin-9-yl]ethyl}propane-1,3-diyl diacetate. 
o  2,2'-[2,2'-(2,2'-Diamino-6,6'-bipurine-9,9'-diyl)bis(ethane-2,1-diyl)]bis(propane-3,2,1-

triyl) tetraacetate. 

Add the following:
•  Famciclovir Related Compound E and Famciclovir Related Compound F 

[Perform this test if Organic Impurities, Procedure 2 is used.]
Buffer:  15.6 g/L of monobasic sodium phosphate in water. Adjust with 0.1 M sodium

hydroxide to a pH of 4.5 ± 0.1 before final dilution.
Solution A:  Methanol and Buffer (20:80)
Solution B:  Methanol and Buffer (60:40)
Mobile phase:  See Table 5.

Table 5

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
6.0 100 0
10 0 100
14 0 100
18 100 0
25 100 0

Standard stock solution:  28 µg/mL each of USP Famciclovir Related Compound E RS and
USP Famciclovir Related Compound F RS prepared as follows. Transfer 7 mg of USP
Famciclovir Related Compound E RS and USP Famciclovir Related Compound F RS into a
250-mL volumetric flask. Add 1 mL of 0.1 M sodium hydroxide and 50 mL of Solution A.
Sonicate to dissolve, cool to room temperature, and dilute with Solution A to volume.

Standard solution:  0.28 µg/mL each of USP Famciclovir Related Compound E RS and USP
Famciclovir Related Compound F RS in Solution A from the Standard stock solution

Sample solution:  30 mg/mL of Famciclovir in Solution A

(IRA 1-Jul-2013)
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 5.0 between famciclovir related compound E and famciclovir related
compound F

Tailing factor:  NMT 2.0 for the famciclovir related compound F peaks
Signal-to-noise ratio:  NLT 30 for the famciclovir related compound E and famciclovir

related compound F peaks
Relative standard deviation:  NMT 5.0% for famciclovir related compound F

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of famciclovir related compound E and famciclovir related
compound F in the portion of Famciclovir taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of famciclovir related compound E or famciclovir related compound F from
the Sample solution

rS= peak response of famciclovir related compound E or famciclovir related compound F from
the Standard solution

CS= concentration of USP Famciclovir Related Compound E RS or USP Famciclovir Related
Compound F RS in the Standard solution (µg/mL)

CU= concentration of Famciclovir in the Sample solution (µg/mL)
Acceptance criteria:  NMT 10 µg/g for famciclovir related compound E and NMT 5 µg/g for

famciclovir related compound F

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry in vacuum at a pressure not exceeding 20 mm of mercury at 60  for 2 h.
Acceptance criteria:  NMT 0.5%

•  Residue on Ignition 281 : NMT 0.1%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in a well-closed container at controlled room temperature.

Add the following:
•  Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling

states the test with which the article complies. 

Change to read:

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)
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Change to read:

•  USP Reference Standards 11
USP Famciclovir RS
USP Famciclovir Related Compound A RS 

[2-[2-(2-Amino-9H-purin-9-yl)ethyl]propane-1,3-diol] hydrochloride.     
C10H15N5O2·HCl      273.72

USP Famciclovir Related Compound B RS 
4-(2-Amino-9H-purin-9-yl)-2-(hydroxymethyl)butyl acetate.     
C12H17N5O3      279.30

USP Famciclovir Related Compound C RS 
4-(2-Amino-9H-purin-9-yl)-2-methylbutyl acetate. 
C12H17N5O2      263.30)

USP Famciclovir Related Compound E RS 
2-Aminopurine. 
C5H5N5      135.13

USP Famciclovir Related Compound F RS 
2-Amino-6-chloropurine. 
C5H4ClN5      169.57

USP Famciclovir System Suitability Mixture RS 
Contains famciclovir, propionyl famciclovir, and 6-chloro famciclovir.

BRIEFING

Tamsulosin Hydrochloride Capsules, page 5545 of the First Supplement to USP 35. On the
basis of comments received, it is proposed to provide additional details for the preparation of
the Acid stage medium in Dissolution Test 7. In addition, corrections are made in the
sampling times in Dissolution Test 2 and Dissolution Test 7, and in the preparation of the
Mobile phase in Dissolution Test 7.

(SM3: E. Gonikberg.)
Correspondence Number—C123547

Comment deadline: March 31, 2013
Tamsulosin Hydrochloride Capsules

DEFINITION

Tamsulosin Hydrochloride Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount
of tamsulosin hydrochloride (C20H28N2O5S·HCl).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 1

Solution A:  Dilute 20 mL of hydrochloric acid with water to 1000 mL.
Solution B:  Dissolve 8.7 mL of perchloric acid and 3.0 g of sodium hydroxide in 1900 mL of

water. Adjust with 1 N sodium hydroxide to a pH of 2.0, and add sufficient water to make

(IRA 1-Jul-2013)

(RB 1-Feb-2013)
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2000 mL.
Mobile phase:  Acetonitrile and Solution B (3:7)
Internal standard solution:  0.4 mg/mL of propylparaben in a mixture of acetonitrile and

water (3:7)
Standard stock solution:  0.5 mg/mL of USP Tamsulosin Hydrochloride RS in a mixture of

acetonitrile and water (3:7)
Standard solution:  Transfer 2.0 mL of the Standard stock solution to a suitable container,

add 5.0 mL of the Internal standard solution, and add Mobile phase to make 40 mL.
Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer

a weighed portion of the powder, equivalent to about 1 mg of tamsulosin hydrochloride
based on the label claim, into a Teflon-lined, screw-capped centrifuge tube. Place
approximately 100 glass balls with a diameter of about 5 mm into the tube, add 20 mL of

0.05 N sodium hydroxide, heat at 50  for 10 min, and shake well for 30 min. Add 15 mL of
a mixture of acetonitrile and Solution A (2:1) to the solution, and shake well. Add 5.0 mL
of the Internal standard solution, and shake well. Centrifuge at 1500 rpm for 10 min, and
use the supernatant, passing it if necessary through a membrane filter of 0.5-µm or
smaller pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.0-mm × 15-cm or 4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min for the 4.0-mm column and 1.3 mL/min for the 4.6-mm column.

[Note—The flow rate can be adjusted as needed to achieve a recommended retention
time of approximately 6 min for tamsulosin.]

Injection volume:  10 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 12 between tamsulosin and propylparaben. [Note—The elution order is
tamsulosin hydrochloride followed by propylparaben.]

Relative standard deviation:  NMT 2.0%, for the ratios of the peak areas for
tamsulosin and the internal standard

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tamsulosin hydrochloride
(C20H28N2O5S·HCl) in the portion of Capsules taken:

Result = (RU/RS) × (CS × VS/W) × 100

RU= ratio of the peak areas for tamsulosin and the internal standard from the Sample
solution

RS= ratio of the peak areas for tamsulosin and the internal standard from the Standard
solution

CS= concentration of USP Tamsulosin Hydrochloride RS in the Standard stock solution
(mg/mL)
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VS= volume of the Standard stock solution taken to prepare the Standard solution (mL)
W= amount of tamsulosin hydrochloride, based on the label claim, taken to prepare the

Sample solution (mg)
Acceptance criteria:  90.0%–110.0%

•  Procedure 2: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 2.

Solution B and Mobile phase:  Proceed as directed for Procedure 1.
Buffer:  Dissolve 3.4 g of monobasic potassium phosphate in 1 L of water. Adjust with 2 N

sodium hydroxide to a pH of 5.80 ± 0.05.
Standard solution:  Prepare a solution containing 1.2 mg/mL of USP Tamsulosin

Hydrochloride RS in methanol. Dilute with Buffer to obtain a solution containing 3.2 µg/mL.
Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer

a weighed portion of the Capsule contents, equivalent to 1.6 mg of tamsulosin
hydrochloride, into a 100-mL volumetric flask. Add 20 mL of methanol, stir for 30 min,
sonicate for 30 min, and stir again for 30 min. Add 40 mL of methanol, sonicate for
another 30 min, and stir for another 60 min. Dilute with methanol to volume, mix well, and
allow the solution to stand for 5 min. Dilute 5 mL of this solution with Buffer to 25 mL, and
allow the solution to stand for 5 min. Pass through a PVDF filter of 0.45-µm pore size,
discarding the first 5 mL of the filtrate.

Chromatographic system:  Proceed as directed for Procedure 1, except inject 50 µL.
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tamsulosin hydrochloride
(C20H28N2O5S·HCl) in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

•  Procedure 3: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 3.

Solution B and Mobile phase:  Proceed as directed for Procedure 1.
Buffer:  Dissolve 6.9 g of monobasic sodium phosphate monohydrate in 1 L of water, and

adjust with 5 N sodium hydroxide to a pH of 7.2 ± 0.05.
Standard solution:  Prepare a solution containing 0.5 mg/mL of USP Tamsulosin

Hydrochloride RS in a mixture of methanol and water (1:1), and dilute a portion of this
solution with methanol to obtain a solution containing 0.03 mg/mL.

Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer
a weighed portion of the Capsule contents, equivalent to 0.8 mg of tamsulosin
hydrochloride, into a 25-mL volumetric flask. Add 5 mL of Buffer, shake for 15 min, add 10
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mL of methanol, shake for 1 h, and dilute with methanol to volume. Pass through a
suitable filter of 0.45-µm pore size.

Chromatographic system:  Proceed as directed for Procedure 1, except inject 20 µL.
System suitability and Analysis:  Proceed as directed for Procedure 2.
Acceptance criteria:  90.0%–110.0%

•  Procedure 4: For Capsules labeled to meet the requirements of Dissolution Test 4, proceed
as directed for Procedure 1.

•  Procedure 5: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 5.

Solution B, Mobile phase, and Chromatographic system:  Proceed as directed for
Procedure 1.

Diluent:  Methanol and water (75:25)
Standard solution:  Prepare a solution containing 0.016 mg/mL of USP Tamsulosin

Hydrochloride RS in Diluent.
Sample solution:  Transfer the contents of 10 Capsules (equivalent to 4 mg of tamsulosin

hydrochloride) into a 250-mL volumetric flask. Add 200 mL of Diluent, stir, and sonicate
simultaneously for at least 2 h. Cool, and dilute with Diluent to volume. Pass through a
suitable filter.

System suitability and Analysis:  Proceed as directed for Procedure 2.
Acceptance criteria:  90.0%–110.0%

•  Procedure 6: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 6.

Solution B and Mobile phase:  Proceed as directed for Procedure 1.
Buffer:  Dissolve 6.8 g of monobasic potassium phosphate and 0.9 g of sodium hydroxide in

1 L of water. Adjust with sodium hydroxide solution to a pH of 6.8 ± 0.05.
Diluent A:  Acetonitrile and Buffer (1:1)
Diluent B:  Acetonitrile and Solution B (1:1)
Standard solution:  Prepare a solution containing 0.4 mg/mL of USP Tamsulosin

Hydrochloride RS in Diluent A, using sonication as necessary. Dilute 2 mL of this solution
with Diluent B to 100 mL.

Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer
a weighed portion of the Capsule contents, equivalent to 4 mg of tamsulosin
hydrochloride, into a 100-mL volumetric flask. Add 60 mL of Diluent A, and sonicate with
intermittent shaking to disperse the pellets completely. Cool, and dilute with Diluent A to
volume. Centrifuge, transfer 5 mL of supernatant solution to a 25-mL volumetric flask, and
dilute with Diluent B to volume. Pass through a nylon membrane filter of 0.45-µm pore
size.

Chromatographic system:  Proceed as directed for Procedure 1, except inject 20 µL.
System suitability and Analysis:  Proceed as directed for Procedure 2.
Acceptance criteria:  90.0%–110.0%

•  Procedure 7: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 7.

Solution B and Mobile phase:  Proceed as directed for Procedure 1.
Buffer:  Dissolve 76 g of tribasic sodium phosphate in 1 L of water.
Diluent:  0.1 N hydrochloric acid and Buffer (3:1), adjusted with diluted hydrochloric acid or

sodium hydroxide solution to a pH of 7.0
Standard solution:  0.0016 mg/mL of USP Tamsulosin Hydrochloride RS in Diluent
Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer
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a weighed portion of the Capsule contents, equivalent to 0.4 mg of tamsulosin
hydrochloride, into a 250-mL volumetric flask, and dilute with Diluent to volume. Stir for 24

h by mechanical means at 40  protected from light. Pass through a suitable filter of 0.45-
µm pore size.

Chromatographic system:  Proceed as directed for Procedure 1, except inject 50 µL.
System suitability and Analysis:  Proceed as directed for Procedure 2.
Acceptance criteria:  90.0%–110.0%

•  Procedure 8: Use this Procedure for Capsules labeled to meet the requirements of
Dissolution Test 8.

Solution B, Mobile phase, and Chromatographic system:  Proceed as directed for
Procedure 1.

Standard solution:  Prepare a solution containing 1.0 mg/mL of USP Tamsulosin
Hydrochloride RS in methanol. Dilute 5 mL of this solution with Mobile phase to 20 mL.

Sample solution:  Weigh the contents of NLT 20 Capsules. Mix the contents, and transfer
a weighed portion of the Capsule contents, equivalent to 2.5 mg of tamsulosin
hydrochloride, into a 100-mL volumetric flask. Add 25 mL of 0.1 N sodium hydroxide, and
sonicate for 30 min. Add 30 mL of Mobile phase, and shake by mechanical means for 30
min. Centrifuge, and pass through a PVDF membrane filter of 0.45-µm pore size, discarding
the first few mL of the filtrate.

System suitability and Analysis:  Proceed as directed for Procedure 2.
Acceptance criteria:  90.0%–110.0%

•  Procedure 9: For Capsules labeled to meet the requirements of Dissolution Test 9, proceed
as directed for Procedure 1.

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Test 1 

Acid stage medium:  Dissolve 2.0 g of sodium chloride in 5.7 mL of hydrochloric acid, and
add water to make up to 1000 mL. To 500 mL of this fluid add 1 mL of polysorbate 80
aqueous solution (3 g in 200 mL of water) just before the test; 500 mL.

Buffer stage medium:  Phosphate buffer, pH 7.2 (dissolve 6.8 g of monobasic potassium
phosphate in 250 mL of water, add 90 mL of 0.2 N sodium hydroxide and 500 mL of
water, adjust with 0.2 N sodium hydroxide or 0.2 N hydrochloric acid to a pH of 7.2 ±
0.05, and dilute with water to 1000 mL); 500 mL

Apparatus 2:  100 rpm, with sinker (see Figure 2a in Dissolution 711 )
Times:  2, 3, and 8 h
Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,

withdraw 10.0 mL of the solution under test (T1). Drain the Acid stage medium
immediately by suction through a tube capped with a 60-mesh stainless wire screen.
Rinse the drain tube while adding the Buffer stage medium previously warmed, and
continue the test. At 3 h after the start of the test (1 h after replacement of the
Medium), withdraw 10.0 mL of the solution under test (T2), replace the same volume
with warmed Buffer stage medium, and continue the test. At 8 h after the start of the
test (6 h after the replacement of the Medium), withdraw 10.0 mL of the solution under
test (T3).
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Internal standard solution:  0.008 mg/mL of propylparaben in acetonitrile and water
(3:7)

Standard solution:  Prepare a solution containing 0.5 mg/mL of USP Tamsulosin
Hydrochloride RS in acetonitrile and water (3:7). Transfer 4.0 mL of this solution to a
100-mL volumetric flask, and dilute with Acid stage medium to volume. Transfer 4.0 mL
of this dilution to another 100-mL volumetric flask, and dilute with Acid stage medium to
volume. This solution has a known concentration (CS) of about 0.8 µg/mL of tamsulosin
hydrochloride. Transfer 10.0 mL of this last dilution to a test tube, and add 2.0 mL of
the Internal standard solution.

Sample solutions:  Add 2.0 mL of the Internal standard solution to T1, mix well, and pass
through a suitable filter of 0.5-µm pore size, discarding the first 5 mL. Add 1.0 mL of 0.5
N hydrochloric acid and 2.0 mL of Internal standard solution to T2, mix well, and pass
through a suitable filter of 0.5-µm pore size, discarding the first 5 mL. Add 1.0 mL of 0.5
N hydrochloric acid and 2.0 mL of Internal standard solution to T3. Mix well, and pass
through a suitable filter of 0.5-µm pore size, discarding the first 5 mL.

Chromatographic system:  Proceed as directed in the Assay, Procedure 1, but use the
Standard solution described for Dissolution, and inject 250 µL instead of 10 µL.

Calculate the ratios (RT1, RT2, RT3, and RS) of the peak area of tamsulosin to that of the
internal standard for all Sample solutions and the Standard solution. Calculate the
percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at each of the
following time points. 
At 2 h:

D1 = [(CS × V)/L] × (RT1/RS) × 100

At 3 h:

D2 = [(CS × V)/L] × [(RT2/RS) + (RT1/RS)] × 100

At 8 h:

D3 = [(CS × V)/L] × [(RT3/RS) + (RT2/RS × VT2/V) + (RT1/RS)] × 100

CS= concentration of the Standard solution
V = volume of Medium, 500 mL
L = label claim (mg/Capsule)
VT2= volume of the withdrawn aliquot of T2, 10 mL

Tolerances:  See Table 1.

Table 1

Time
(h)

Amount
Dissolved

2 13%–34%
3 47%–68%
8 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
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Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (dilute 8.5 mL of hydrochloric acid

with water to 900 mL, add 0.03 mL of polysorbate 80, adjust with 0.2 N sodium
hydroxide or 0.2 N hydrochloric acid to a pH of 1.2 ± 0.05, and dilute with water to 1000
mL); 500 mL

Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500
mL

Apparatus 2:  100 rpm, with sinkers1

Times:  2 h for the Acid stage medium and 6 h for the Buffer stage medium; 8 h total
test time

Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,
withdraw a sample of the solution under test. Carefully discard the Acid stage medium
and replace it with the Buffer stage medium previously warmed, and continue the test.
At 6 h after the replacement of the Medium, withdraw a sample of the solution under
test.

Standard stock solution:  Transfer about 25.0 mg of USP Tamsulosin Hydrochloride RS to
a 50-mL volumetric flask. Add 25 mL of methanol. Dilute with Buffer stage medium to
volume. Sonicate until dissolved.

Standard solution:  Dilute the Standard stock solution with Buffer stage medium to
obtain a final concentration of 0.8 µg/mL.

Sample solution:  Pass a portion of the solution under test through a suitable filter.
Buffer solution:  3.4 g/L of monobasic potassium phosphate in water. Adjust with 2 N

sodium hydroxide to a pH of 5.80 ± 0.05.
Mobile phase:  Acetonitrile and Buffer solution (1:3)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2000
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) in the
Medium at each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 6 h
in the Buffer stage medium (8 h total test time): (IRA 1-Jul-2013)
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C2 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point, (Qi). 
At 2 h:

Q1 = (C1 × V) × 100/L

At 6 h
in the Buffer stage medium (8 h total test time):

Q2 = (C1 + C2) × (V/L) × 100

V= volume of Medium (mL)
L= label claim (mg/Capsule)
Tolerances:  NMT 25% of the labeled amount of tamsulosin hydrochloride

(C20H28N2O5S·HCl) is dissolved in 2 h. NLT 85% of the labeled amount of tamsulosin
hydrochloride (C20H28N2O5S·HCl) is dissolved in 8 h. 
The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 3:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 3.
Acid stage 

Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);
500 mL

Apparatus 2:  100 rpm, with sinkers
Time:  2 h
Analysis:  Pass a portion of the solution under test through a suitable filter. Leave the

remaining Acid stage medium in the vessel and proceed with the Buffer stage.
Tolerances:  NMT 10% (Q) of the labeled amount of tamsulosin hydrochloride

(C20H28N2O5S·HCl) is dissolved.
Buffer stage 

Buffer stage concentrate:  0.1 M phosphate buffer, pH 11.6 (138 g of sodium
phosphate monohydrate and 320 mL of 5 N sodium hydroxide in 10 L of water. Adjust
with 5 N sodium hydroxide to a pH of 11.6 ± 0.05.)

Buffer stage medium:  Add 500 mL of the Buffer stage concentrate to the remaining
Acid stage medium in each vessel. The final pH is about 7.2.

Apparatus 2:  100 rpm, with sinkers
Time:  3 and 8 h, including the 2 h in the Acid stage medium
Standard stock solution:  0.5 mg/mL of USP Tamsulosin Hydrochloride RS in water and

methanol (1:1)
Standard solution:  Dilute the Standard stock solution with Buffer stage medium to

obtain a final concentration of 0.3 µg/mL.
Sample solution:  Pass a portion of the solution under test through a suitable filter.

(IRA 1-Jul-2013)

PF 39(1): Jan.-Feb. 2013 40



pH 5.5 buffer solution:  6.8 g/L of monobasic potassium phosphate in water. Adjust
with 2 N sodium hydroxide to a pH of 5.5 ± 0.05.

Mobile phase:  Acetonitrile and pH 5.5 buffer solution (2:3)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 275 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.5%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 3 h:

C1 = (rU/rS) × CS

At 8 h:

C2 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 1000 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 2.

Table 2

Time
(h)

Amount
Dissolved

3 65%–85%
8 NLT 80%
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The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 4:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 4.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL
Apparatus 2:  100 rpm
Times:  2 h for the Acid stage medium, and 3 and 8 h for the Buffer stage medium

(including the 2 h in the Acid stage medium)
Analysis:  Perform the test using the Acid stage medium. At 2 h after the start of the

test, withdraw a sample of the solution under test. Carefully discard the Acid stage
medium, replace it with the Buffer stage medium previously warmed, and continue the
test. At 1 h and 6 h after the replacement of the Medium, withdraw a sample of the
solution under test. Replace the volume of Medium withdrawn with the same volume of
Buffer stage medium, previously warmed.

50 mM sodium perchlorate solution:  Dissolve 7.0 g of monohydrate sodium perchlorate
in 1 L of water, and add 5 mL of phosphoric acid.

Mobile phase:  50 mM sodium perchlorate solution and acetonitrile (3:2)
Acid stage standard stock solution:  Transfer 20 mg of USP Tamsulosin Hydrochloride

RS to a 500-mL volumetric flask, add 25 mL of methanol, and sonicate until dissolved.
Dilute with Acid stage medium to volume.

Acid stage standard solution:  Dilute the Acid stage standard stock solution with Acid
stage medium to obtain a final concentration of about 0.08 µg/mL.

Buffer stage standard stock solution:  Transfer 20 mg of USP Tamsulosin Hydrochloride
RS to a 250-mL volumetric flask, add 25 mL of methanol, and sonicate until dissolved.
Dilute with Buffer stage medium to volume.

Buffer stage standard solution:  Dilute the Buffer stage standard stock solution with
Buffer stage medium to obtain a final concentration of about 0.8 µg/mL.

Sample solution:  Pass a portion of the solution under test through a suitable filter.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Columns 

Analytical:  3.9-mm × 15-cm; 5-µm packing L1
Guard:  3-mm × 4-cm; packing L1

Column temperature:  35
Flow rate:  1.5 mL/min
Injection volume:  200 µL

System suitability 
Samples:  Acid stage standard solution and Buffer stage standard solution
Suitability requirements 

Column efficiency:  NLT 1600, Acid stage standard solution; NLT 1300, Buffer stage
standard solution
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Relative standard deviation:  NMT 3.0%, Acid stage standard solution; NMT 1.5%,
Buffer stage standard solution

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 3 h:

C2 = (rU/rS) × CS

At 8 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 1000 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 3.

Table 3

Time
(h)

Amount
Dissolved

2 0%–10%
3 45%–68%
8 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at the times specified in the Buffer stage conform to Acceptance Table 2 in

Dissolution 711 .
Test 5:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 5.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL
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Apparatus 2:  50 rpm, with sinkers
Times:  2 h for the Acid stage medium, and 3 and 5 h for the Buffer stage medium

(including the 2 h in the Acid stage medium)
Buffer solution:  Dissolve 1.0 g of octanesulfonic acid sodium salt and 1.4 g of monobasic

potassium phosphate in 1 L of water. Adjust with potassium hydroxide to a pH of 6.5 ±
0.05.

Mobile phase:  Buffer solution and acetonitrile (3:2)
Standard stock solution:  0.04 mg/mL of USP Tamsulosin Hydrochloride RS in Buffer

stage medium
Standard solution:  Dilute the Standard stock solution with Buffer stage medium to

obtain a final concentration of 0.8 µg/mL.
Sample solution:  Centrifuge a portion of the solution under test at NMT 3000 rpm for

NLT 20 min.
Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,

withdraw a sample of the solution under test. Carefully discard the Acid stage medium,
replace it with the Buffer stage medium previously warmed, and continue the test. At 1
and 3 h after the replacement of the Medium, withdraw a sample of the solution under
test. Replace the volume of Medium withdrawn with the same volume of Buffer stage
medium, previously warmed.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  3.9-mm × 7.5-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 4.0%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 3 h:

C2 = (rU/rS) × CS

At 5 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 500 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 4.

Table 4

Time
(h)

Amount
Dissolved

2 15%–35%
3 60%–80%
5 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 6:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 6.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL
Apparatus 2:  100 rpm using a 40-mesh basket as a sinker, and the paddle height

adjusted at 4.5 cm from the bottom of the vessel
Times:  2 h for the Acid stage medium, and 3 and 8 h for the Buffer stage medium

(including the 2 h in the Acid stage medium)
Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,

withdraw a sample of the solution under test. Carefully discard the Acid stage medium,
replace it with the Buffer stage medium previously warmed, and continue the test. At 1
h and 6 h after the replacement of the Medium, withdraw a sample of the solution under
test. Replace the volume of Medium withdrawn with the same volume of Buffer stage
medium, previously warmed.

Buffer solution:  Dissolve 3 g of sodium hydroxide and 8.7 mL of perchloric acid in 1900
mL of water, adjust with 0.5 M sodium hydroxide to a pH of 2.0 ± 0.05, and dilute with
water to 2000 mL.

Mobile phase:  Buffer solution and acetonitrile (7:3)
Standard stock solution:  0.5 mg/mL of USP Tamsulosin Hydrochloride RS in methanol
Acid stage standard solution:   Dilute the Standard stock solution with Acid stage

medium to obtain a final concentration of 0.8 µg/mL.
Buffer stage standard solution:  Dilute the Standard stock solution with Buffer stage
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medium to obtain a final concentration of 0.8 µg/mL.
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm, 3-µm packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
Samples:  Acid stage standard solution and Buffer stage standard solution
Suitability requirements 

Column efficiency:  NLT 7000
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 3 h:

C2 = (rU/rS) × CS

At 8 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 500 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 5.

Table 5
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Time
(h)

Amount
Dissolved

2 0%–20%
3 47%–68%
8 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 7:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 7.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);
in simulated gastric fluid without enzyme (pH 1.2) (prepare a solution containing 3.00 g
of polysorbate 80 in 200 mL of water, and dilute 2 mL of this solution to 1 L with
simulated gastric fluid without enzyme);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL, deaerated
Apparatus 2:  100 rpm, with wire helix sinkers
Times:  2 h in the Acid stage medium, and 4 and 12 h in the Buffer stage medium

(including the 2 h in the Acid stage medium)
Standard stock solution:  1 mg/mL of USP Tamsulosin Hydrochloride RS in alcohol
Acid stage standard solution:  Dilute the Standard stock solution with Acid stage

medium to obtain a final concentration of about 0.2 µg/mL.
Buffer stage standard solution:  Dilute the Standard stock solution with Buffer stage

medium to obtain a final concentration of about 0.8 µg/mL.
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,

withdraw a sample of the solution under test. Carefully discard the Acid stage medium,
replace it with the Buffer stage medium previously warmed, and continue the test. At 1
and 6 h
2 and 10 h

after the replacement of the Medium, withdraw a sample of the solution under test.
Replace the volume of Medium withdrawn with the same volume of Buffer stage
medium, previously warmed.

Mobile phase A:  2.76 g/L of monobasic potassium
sodium

phosphate in water. Adjust with phosphoric acid to a pH of 2.5 ± 0.05.
Mobile phase B:  Acetonitrile
Gradient program:  See Table 6.

Table 6

Time
(min)

Mobile phase A
(%)

Mobile phase B
(%)

0 86 14
3 86 14

4.5 30 70

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)

(IRA 1-Jul-2013)
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5 86 14
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  2-mm × 5-cm; packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
Samples:  Acid stage standard solution and Buffer stage standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 4 h:

C2 = (rU/rS) × CS

At 12 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 500 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 7.

Table 7

Time
(h)

Amount
Dissolved
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2 5%–25%
4 46%–66%
12 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 8:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 8.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL
Apparatus 2:  100 rpm, with sinkers
Times:  2 h in the Acid stage medium, and 3 and 8 h in the Buffer stage medium

(including the 2 h in the Acid stage medium)
Standard stock solution:  0.4 mg/mL of USP Tamsulosin Hydrochloride RS in methanol
Acid stage standard solution:  Dilute the Standard stock solution with Acid stage

medium to obtain a final concentration of 0.8 µg/mL.
Buffer stage standard solution:  Dilute the Standard stock solution with Buffer stage

medium to obtain a final concentration of 0.8 µg/mL.
Analysis:   Perform the test using Acid stage medium. At 2 h after the start of the test,

withdraw a sample of the solution under test. Carefully discard the Acid stage medium,
replace it with the Buffer stage medium previously warmed, and continue the test. At 1
and 6 h after the replacement of the Medium, withdraw a sample of the solution under
test. Replace the volume of Medium withdrawn with the same volume of Buffer stage
medium, previously warmed.

Sample solution:  Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.

Buffer solution:  Dissolve 6.8 g of dibasic ammonium phosphate in 800 mL of water, and
add 2 mL of triethylamine. Adjust with phosphoric acid to a pH of 6.5. Dilute with water
to 1000 mL.

Mobile phase:  Buffer solution and acetonitrile (7:3)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  100 µL

Suitability requirements 
Sample:  Buffer stage standard solution
Column efficiency:  NLT 2000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

PF 39(1): Jan.-Feb. 2013 49



Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 3 h:

C2 = (rU/rS) × CS

At 8 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)

Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 500 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 8.

Table 8

Time
(h)

Amount
Dissolved

2 0%–10%
3 50%–70%
8 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .
Test 9:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 9.
Acid stage medium:  0.003% polysorbate 80, pH 1.2 (proceed as directed for Test 2);

500 mL
Buffer stage medium:  Phosphate buffer, pH 7.2 (proceed as directed for Test 1); 500

mL
Apparatus 2:  100 rpm, with helix wire coil sinker
Times:  2 h in Acid stage medium, and 3 and 8 h in Buffer stage medium (including the 2

h in Acid stage medium)
Standard stock solution:  0.05 mg/mL of USP Tamsulosin Hydrochloride RS in methanol
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Acid stage standard solution:  Dilute the Standard stock solution with Acid stage
medium to obtain a final concentration of 0.8 µg/mL.

Buffer stage standard solution:  Dilute the Standard stock solution with Buffer stage
medium to obtain a final concentration of 0.8 µg/mL.

Sample solution:  Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.

Analysis:  Perform the test using Acid stage medium. At 2 h after the start of the test,
withdraw a sample of the solution under test. Carefully discard the Acid stage medium,
replace it with the Buffer stage medium previously warmed, and continue the test. At 1
and 6 h after the replacement of the Medium, withdraw a sample of the solution under
test. Replace the volume of Medium withdrawn with the same volume of Buffer stage
medium, previously warmed.

Buffer:  3.45 g/L of monobasic ammonium phosphate in water. Adjust with triethylamine to
a pH of 6.5 ± 0.05.

Mobile phase:  Buffer and acetonitrile (3:2). Add 1 g of sodium 1-pentanesulfonate per L
of the mixture.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.0 mL/min
Injection volume:  100 µL

System suitability 
Samples:  Acid stage standard solution or Buffer stage standard solution
Suitability requirements 

Column efficiency:  NLT 3000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Calculate the concentration of tamsulosin hydrochloride (C20H28N2O5S·HCl) dissolved at
each time point (Ci). 
At 2 h:

C1 = (rU/rS) × CS

At 3 h:

C2 = (rU/rS) × CS

At 8 h:

C3 = (rU/rS) × CS

rU= peak response from the Sample solution
rS= peak response from the appropriate Standard solution
CS= concentration of the appropriate Standard solution (mg/mL)
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Calculate the cumulative percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl)
dissolved at each time point (Qi):

V1= volume of Acid stage medium, 500 mL
VS= volume of the sample taken (mL)
Cn= concentration of tamsulosin hydrochloride at each time point
V= volume of Buffer stage medium, 500 mL
L= label claim (mg/Capsule)

Tolerances:  See Table 9.

Table 9

Time
(h)

Amount
Dissolved

2 0%–20%
3 45%–65%
8 NLT 80%

The percentages of the labeled amount of tamsulosin hydrochloride (C20H28N2O5S·HCl)

dissolved at the times specified conform to Acceptance Table 2 in Dissolution 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity  

[Note—Use the following Procedure for content uniformity if Procedure 1 is used in the
Assay. For all other formulations, proceed as directed in the test for Uniformity of Dosage

Units 905 .]
Solution A, Solution B, Mobile phase, and Standard stock solution:  Prepare as

directed in the Assay, Procedure 1.
Internal standard solution:  0.16 mg/mL of propylparaben in a mixture of acetonitrile and

water (3:7)
Standard stock solution 1:  Transfer 5.0 mL of the Standard stock solution to a 25-mL

volumetric flask, and dilute with a mixture of acetonitrile and water (3:7) to volume.
Standard solution:  Transfer 4.0 mL of Standard stock solution 1 to a suitable container.

Add 5.0 mL of the Internal standard solution, and add the Mobile phase to make 40 mL.
Sample solution:  Place the contents of 1 Capsule into a Teflon-lined, screw-capped

centrifuge tube. Place approximately 100 glass balls with a diameter of about 5 mm into

the tube, add 20 mL of 0.05 N sodium hydroxide, heat at 50  for 10 min, and shake well
for 30 min. Add 15 mL of a mixture of acetonitrile and Solution A (2:1) to the solution,
and shake well. Add 5.0 mL of the Internal standard solution, and shake well. Centrifuge
at 1500 rpm for 10 min, and use the supernatant, passing it if necessary through a
membrane filter of 0.5-µm or smaller pore size.

Chromatographic system:  Proceed as directed in the Assay, Procedure 1 except inject
25 µL.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tamsulosin hydrochloride
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(C20H28N2O5S·HCl) in the Capsule taken:

Result = (RU/RS) × (CS × VS/L) × 100

RU= ratio of the peak areas for tamsulosin and the internal standard from the Sample
solution

RS= ratio of the peak areas for tamsulosin and the internal standard from the Standard
solution

CS= concentration of USP Tamsulosin Hydrochloride RS in Standard stock solution 1
(mg/mL)

VS= volume of Standard stock solution 1 taken to prepare the Standard solution (mL)
L= label claim (mg/Capsule)

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Tamsulosin Hydrochloride RS 

( )-(R)-5-[2-[[2-(o-Ethoxyphenoxy)ethyl]amino]propyl]-2-
methoxybenzenesulfonamide monohydrochloride.     
C20H28N2O5S·HCI      444.97

1  A suitable sinker is available as catalog number CAPWHT-2S from www.qla-llc.com.

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
 
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
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the official text:
new text

if slated for an IRA;
new text

if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 

2S (USP 34) indicates that the proposed revision is slated for the Second Supplement to USP 34,
and 
USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

General Notices and Requirements, page 5597 of the Second Supplement to USP 35. The
General Notices and Requirements (GN) section of the United States Pharmacopeia and the
National Formulary (USP–NF) most recently were revised in USP 34–NF 29 (published November
1, 2010; official May 1, 2011). Since those revisions were made, new issues have continued to
be identified, and there also has been recognition of the need to coordinate certain references
in GN with other USP–NF changes that have occurred or are pending. Draft revisions were
discussed with the Council of Experts Executive Committee on April 16, July 26, and September
18, 2012. Outlined below are changes that are proposed for the next round of GN revisions
which are being published for public notice and comment herein (Pharmacopeial Forum 39(1)
[Jan.–Feb. 2013]) and, following subsequent consideration and adoption by the Council of
Experts Executive Committee, are anticipated to be included in USP 37–NF 32 (publishing
November 1, 2013; official May 1, 2014).

Note that the General Notices provision making Elemental Impurities—Limits 232  and

Elemental Imputities—Procedures 233  applicable to all USP—NF articles is part of this
proposed General Notices revision (5:60:30 Elemental Impurities). If, after review of the
comments received, the Council of Experts Executive Committee approves this General Notices
provision, it will be published in USP 37–NF 32 with the official date of May 1, 2014. The
implementation approach for general chapters <232> and <233> also includes removal of all

references to Heavy Metals 231  from monographs and general chapters in the USP–NF. This
proposal also appears for comment in this Pharmacopeial Forum and, if approved by the Council
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of Experts Executive Committee, will be published in USP 37–NF 32 with an official date of May
1, 2014, simultaneously with the implementation of <232> and <233> through the new General
Notices provision.

Changes are proposed for the following General Notices sections:

1. TITLE AND REVISION

Publication of Accelerated Revisions/IRAs
2. OFFICIAL STATUS AND LEGAL RECOGNITION

2.10: Clarify “Official” status of print and electronic versions of USP–NF 
2.30: Clarify statutory role of “Official Compendium”

3. CONFORMANCE TO STANDARDS

3.10: Clarify applicability to USP and NF 
3.10.10: Clarify applicability of USP to OTC drugs 
3.20: Clarify that the designation “USP” requires conformance with Compendial
Standards

4. MONOGRAPHS AND GENERAL CHAPTERS

4.10.11: Add a new subsection “Dissolution, Disintegration and Drug Release Tests”
5. MONOGRAPH COMPONENTS

5.60: Update title of referenced general chapter 1086  
5.60.10: Clarify control of impurities in Official Substances 
5.60.30: Elemental impurities 
5.80: Clarify that USP Reference Standards must be used for results to be conclusive

6. TESTING PRACTICES AND PROCEDURES

6.50.20: Add clarity regarding mixing equal parts of liquids and solids for solution
preparations 
6.50.20.1: Reintroduce language regarding “proportionately larger/smaller quantities” 
6.80.10.1: “Pipet”—Revise this equipment provision to also cover “pipette” 
6.80.30: Add a new equipment provision, “Temperature Reading Devices”

8. TERMS AND DEFINITIONS

8.20: Update reference to 41  in the definition of “About” 
8.240: “Weights and Measures”—Revise and expand the chart of symbols commonly
used for SI metric units

10. PRESERVATION, PACKAGING, STORAGE, AND LABELING

10.10/20/30/50: Move storage and packaging provisions to a new general chapter 

659

(COEEC: M. Van Hook.)    Correspondence Number—C113762

GENERAL NOTICES AND REQUIREMENTS
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The General Notices and Requirements section (the General Notices) presents the basic
assumptions, definitions, and default conditions for the interpretation and application of the
United States Pharmacopeia (USP) and the National Formulary (NF). 
Requirements stated in these General Notices apply to all articles recognized in the USP and NF
(the “compendia”) and to all general chapters unless specifically stated otherwise. Where the
requirements of an individual monograph differ from the General Notices or a general chapter,
the monograph requirements apply and supersede the requirements of the General Notices or
the general chapter, whether or not the monograph explicitly states the difference.

Change to read:
1. TITLE AND REVISION 
The full title of this publication (consisting of three volumes and including its Supplements), is
The Pharmacopeia of the United States of America, Thirty-Fifth Revision and the National
Formulary, Thirtieth Edition. These titles may be abbreviated to USP 35, to NF 30, and to USP
35–NF 30. The United States Pharmacopeia, Thirty-Fifth Revision, and the National Formulary,
Thirtieth Edition, supersede all earlier revisions. Where the terms “USP,” “NF,” or “USP–NF” are
used without further qualification during the period in which these compendia are official, they
refer only to USP 35, NF 30, and any Supplement(s) thereto. The same titles, with no further
distinction, apply equally to print or electronic presentation of these contents. Although USP
and NF are published under one cover and share these General Notices, they are separate
compendia. 
This revision is official beginning May 1, 2012, unless otherwise indicated in specific text. 
Supplements to USP and NF are published periodically. 
Interim Revision Announcements are revisions to USP and NF that are published in
Pharmacopeial Forum
on the USP website.

Interim Revision Announcements contain official revisions and their effective dates.
Announcements of the availability of new USP Reference Standards and announcements of
tests or procedures that are held in abeyance pending availability of required USP Reference
Standards are also available on the “New Official Text” tab of USP's website. 
Revision Bulletins are revisions to official text or postponements that require expedited
publication. They are published on the USP website and generally are official immediately unless
otherwise specified in the Revision Bulletin. 
Errata are corrections to items erroneously published that have not received the approval of
the Council of Experts and that do not reflect the official requirements. Errata are effective
upon publication.

Change to read:
2. OFFICIAL STATUS AND LEGAL RECOGNITION

2.10. Official Text 
Official text is text contained in
the print and electronic versions of

USP and NF, including monographs, general chapters, and these General Notices.
In the event of any disparity between the online version and the paper or any other electronic

version of the compendia, the online version will be deemed to apply.
Revisions to official text are provided in Supplements, Interim Revision Announcements, and
Revision Bulletins. General chapters numbered from 1000 to 1999 are considered interpretive

USP37

USP37

USP37
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and are intended to provide information on, give definition to, or describe a particular subject.
They contain no mandatory requirements applicable to any official article unless specifically
referenced in General Notices, a monograph, or a general chapter numbered below 1000.
General chapters numbered above 2000 apply only to articles that are intended for use as
dietary ingredients and dietary supplements.

2.20. Official Articles 
An official article is an article that is recognized in USP or NF. An article is deemed to be
recognized and included in a compendium when a monograph for the article is published in the
compendium and an official date is generally or specifically assigned to the monograph. 
The title specified in a monograph is the official title for such article. Other names considered
to be synonyms of the official titles may not be used as substitutes for official titles. 
Official articles include both official substances and official products. An official substance is a
drug substance, excipient, dietary ingredient, other ingredient, or component of a finished
device for which the monograph title includes no indication of the nature of the finished form. 
An official product is a drug product, dietary supplement, compounded preparation, or finished
device for which a monograph is provided.

2.30. Legal Recognition 
The USP and NF are recognized in the laws and regulations of many countries throughout the
world. Regulatory authorities may enforce the standards presented in the USP and NF, but
because recognition of the USP and NF may vary by country, users should understand
applicable laws and regulations. In the United States under

the Federal Food, Drug, and Cosmetic Act (FDCA) both USP and NF are recognized as official
compendia
defines the term “official compendium” as the official USP, the official NF, or any supplement

to them; the official version of USP–NF is designated in each volume or supplement (see, e.g.,
Section 1 “Title and Revision” of General Notices).
A drug with a name recognized in USP–NF must comply with compendial identity standards or be
deemed adulterated, misbranded, or both. See, e.g., FDCA § 501(b) and 502(e)(3)(b); also FDA
regulations, 21 CFR § 299.5(a&b). To avoid being deemed adulterated, such drugs must also
comply with compendial standards for strength, quality, and purity, unless labeled to show all
respects in which the drug differs. See, e.g., FDCA § 501(b) and 21 CFR § 299.5(c). In
addition, to avoid being deemed misbranded, drugs recognized in USP–NF must also be
packaged and labeled in compliance with compendial standards. See FDCA § 502(g). 
A dietary supplement represented as conforming to specifications in USP will be deemed a
misbranded food if it fails to so conform. See FDCA § 403(s)(2)(D). 
Enforcement of USP standards is the responsibility of FDA and other government authorities in
the U.S. and elsewhere. USP has no role in enforcement.

Change to read:
3. CONFORMANCE TO STANDARDS

3.10. Applicability of Standards 
Standards for an article recognized in a USP compendium
the compendia (USP–NF)

are expressed in the article's monograph, applicable general chapters, and General Notices.
Unless specifically exempted elsewhere in a compendium, the identity, strength, quality, and
purity of an article are determined by the official tests, procedures, and acceptance criteria,

USP37
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whether incorporated in the monograph itself, in the General Notices, or in the applicable
general chapters. Early adoption of revised standards is allowed. Where revised standards for
an existing article have been published as final approved “official text” (as approved in section
2.10) but are not yet official (six months after publication, unless otherwise specified; see
“official date,” section 2.20), compliance with the revised standard shall not preclude a finding
or indication of conformance with USP official
compendial

standards, unless USP specifies otherwise by prohibiting early adoption in a particular standard.
The standards in the relevant monograph, general chapter(s), and General Notices apply at all
times in the life of the article from production to expiration. The manufacturer's specifications,
and good manufacturing practices generally (including, e.g., Quality by Design initiatives), are
developed and followed to ensure that the article will comply with compendial standards until
its expiration date, when stored as directed. Thus, any official article is expected to meet the
compendial standards if tested, and any official article actually tested as directed in the
relevant monograph must meet such standards to demonstrate compliance. 
At times, compendial standards take on the character of statistical procedures, with multiple
units involved and perhaps a sequential procedural design to allow the user to determine that
the tested article meets or does not meet the standard. The similarity to statistical procedures
may seem to suggest an intent to make inference to some larger group of units, but in all
cases, statements about whether the compendial standard is met apply only to the units
tested. Repeats, replicates, statistical rejection of outliers, or extrapolations of results to larger
populations, as well as the necessity and appropriate frequency of batch testing, are neither
specified nor proscribed by the compendia. Frequency of testing and sampling are left to the
preferences or direction of those performing compliance testing, and other users of USP–NF,
including manufacturers, buyers, or regulatory authorities. 
Official products are prepared according to recognized principles of good manufacturing
practice and from ingredients that meet USP or NF standards, where standards for such
ingredients exist (for dietary supplements, see section 3.10.20). 
Official substances are prepared according to recognized principles of good manufacturing
practice and from ingredients complying with specifications designed to ensure that the
resultant substances meet the requirements of the compendial monographs.

3.10.10. Applicability of Standards to Drug Products, Drug Substances, and Excipients 
The applicable USP or NF standard applies to any article marketed in the United States that (1)
is recognized in the compendium and (2) is intended or labeled for use as a drug or as an
ingredient in a drug.
Such articles (drug products, drug substances, and excipients) include both human drugs

(whether dispensed by prescription, “over the counter,” or otherwise), as well as animal drugs.

The applicable standard applies to such articles whether or not the added designation “USP” or
“NF” is used. The standards apply equally to articles bearing the official titles or names derived
by transposition of the definitive words of official titles or transposition in the order of the
names of two or more active ingredients in official titles, or where there is use of synonyms
with the intent or effect of suggesting a significant degree of identity with the official title or
name.

3.10.20. Applicability of Standards to Medical Devices, Dietary Supplements, and Their
Components and Ingredients 
An article recognized in USP or NF shall comply with the compendial standards if the article is a

USP37
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medical device, component intended for a medical device, dietary supplement, dietary
ingredient, or other ingredient that is intended for incorporation into a dietary supplement, and
is labeled as conforming to the USP or NF. 
Generally, dietary supplements are prepared from ingredients that meet USP, NF, or Food
Chemicals Codex standards. Where such standards do not exist, substances may be used in
dietary supplements if they have been shown to be of acceptable food grade quality using
other suitable procedures.

3.20. Indicating Conformance 
A drug product, drug substance, or excipient may use the designation “USP” or “NF” in
conjunction with its official title or elsewhere on the label only when (1) a monograph is
provided in the specified compendium and (2) the article complies with the identity prescribed
in the specified compendium
and also either complies with the compendial standards for strength, quality, and purity, or

labels any differences from these standards as required below.

When a drug product, drug substance, or excipient differs from the relevant USP or NF standard
of strength, quality, or purity, as determined by the application of the tests, procedures, and
acceptance criteria set forth in the relevant compendium, its difference shall be plainly stated
on its label. 
When a drug product, drug substance, or excipient fails to comply with the identity prescribed
in USP or NF or contains an added substance that interferes with the prescribed tests and
procedures, the article shall be designated by a name that is clearly distinguishing and
differentiating from any name recognized in USP or NF. 
A medical device, dietary supplement, or ingredient or component of a medical device or dietary
supplement may use the designation “USP” or “NF” in conjunction with its official title or
elsewhere on the label only when (1) a monograph is provided in the specified compendium and
(2) the article complies with the monograph standards and other applicable standards in the
compendium. 
The designation “USP” or “NF” on the label may not and does not constitute an endorsement by
USP and does not represent assurance by USP that the article is known to comply with the
relevant standards. USP may seek legal redress if an article purports to be or is represented as
an official article in one of USP's compendia and such claim is determined by USP not to be
made in good faith. 
The designation “USP–NF” may be used on the label of an article provided that the label also
bears a statement such as “Meets NF standards as published by USP,” indicating the particular
compendium to which the article purports to apply. 
When the letters “USP,” “NF,” or “USP–NF” are used on the label of an article to indicate
compliance with compendial standards, the letters shall appear in conjunction with the official
title of the article. The letters are not to be enclosed in any symbol such as a circle, square,
etc., and shall appear in capital letters. 
If a dietary supplement does not comply with all applicable compendial requirements but
contains one or more dietary ingredients or other ingredients that are recognized in USP or NF,
the individual ingredient(s) may be designated as complying with USP or NF standards or being
of USP or NF quality provided that the designation is limited to the individual ingredient(s) and
does not suggest that the dietary supplement complies with USP standards.

Change to read:
4. MONOGRAPHS AND GENERAL CHAPTERS

USP37
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4.10. Monographs 
Monographs set forth the article's name, definition, specification, and other requirements
related to packaging, storage, and labeling. The specification consists of tests, procedures,
and acceptance criteria that help ensure the identity, strength, quality, and purity of the
article. For general requirements relating to specific monograph sections, see section 5,
Monograph Components. 
Because monographs may not provide standards for all relevant characteristics, some official
substances may conform to the USP or NF standard but differ with regard to nonstandardized
properties that are relevant to their use in specific preparations. To assure interchangeability in
such instances, users may wish to ascertain functional equivalence or determine such
characteristics before use.

4.10.10. Applicability of Test Procedures 
A single monograph may include several different tests, procedures, and/or acceptance criteria
that reflect attributes of different manufacturers' articles. Such alternatives may be presented
for different polymorphic forms, impurities, hydrates, and dissolution cases. Monographs
indicate the tests, procedures, and/or acceptance criteria to be used and the required labeling.
A test in a monograph may contain and require multiple procedures. However, multiple
procedures may be included in particular monographs specifically for the purpose of assuring
the availability of an appropriate procedure for a particular product. In such cases, a labeling
statement to indicate the appropriate application of the procedure(s) will be included in the
monograph. A labeling statement is not required if Test 1 is used.

4.10.11 Dissolution, Disintegration, and Drug Release Tests 
The Dissolution, Disintegration, and/or Drug Release tests in any USP monograph reflect the
test conditions and acceptance criteria approved by the FDA for particular articles. Multiple
Dissolution, Disintegration, or Drug Release tests may be present in the monograph. The order
in which the tests are listed in the monograph are based on the order they are approved by the
relevant Expert Committee for inclusion in the monograph. Test 1 is not necessarily the test for
the innovator or for the reference product. Compliance with any of the tests does not assure
bioequivalence or bioavailability.

4.10.20. Acceptance Criteria 
The acceptance criteria allow for analytical error, for unavoidable variations in manufacturing
and compounding, and for deterioration to an extent considered acceptable under practical
conditions. The existence of compendial acceptance criteria does not constitute a basis for a
claim that an official substance that more nearly approaches 100 percent purity “exceeds”
compendial quality. Similarly, the fact that an article has been prepared to tighter criteria than
those specified in the monograph does not constitute a basis for a claim that the article
“exceeds” the compendial requirements. 
An official product shall be formulated with the intent to provide 100 percent of the quantity of
each ingredient declared on the label. Where the minimum amount of a substance present in a
dietary supplement is required by law to be higher than the lower acceptance criterion allowed
for in the monograph, the upper acceptance criterion contained in the monograph may be
increased by a corresponding amount. 
The acceptance criteria specified in individual monographs and in the general chapters for
compounded preparations are based on such attributes of quality as might be expected to
characterize an article compounded from suitable bulk drug substances and ingredients, using
the procedures provided or recognized principles of good compounding practice, as described in
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these compendia.

4.20. General Chapters 
Each general chapter is assigned a number that appears in angle brackets adjacent to the

chapter name (e.g., Chromatography 621 ). General chapters may contain the following:
Descriptions of tests and procedures for application through individual monographs
Descriptions and specifications of conditions and practices for pharmaceutical
compounding
General information for the interpretation of the compendial requirements
Descriptions of general pharmaceutical storage, dispensing, and packaging practices, or
General guidance to manufacturers of official substances or official products

When a general chapter is referenced in a monograph, acceptance criteria may be presented
after a colon. 
Some chapters may serve as introductory overviews of a test or of analytical techniques. They
may reference other general chapters that contain techniques, details of the procedures, and,
at times, acceptance criteria.

Change to read:
5. MONOGRAPH COMPONENTS

5.10. Molecular Formula 
The use of the molecular formula for the active ingredient(s) named in defining the required
strength of a compendial article is intended to designate the chemical entity or entities, as
given in the complete chemical name of the article, having absolute (100 percent) purity.

5.20. Added Substances 
Added substances are presumed to be unsuitable for inclusion in an official article and therefore
prohibited, if (1) they exceed the minimum quantity required for providing their intended effect;
(2) their presence impairs the bioavailability, therapeutic efficacy, or safety of the official
article; or (3) they interfere with the assays and tests prescribed for determining compliance
with the compendial standards. 
The air in a container of an official article may, where appropriate, be evacuated or be replaced
by carbon dioxide, helium, argon, or nitrogen, or by a mixture of these gases. The use of such
gas need not be declared in the labeling.

5.20.10. Added Substances, Excipients, and Ingredients in Official Substances 
Official substances may contain only the specific added substances that are permitted by the
individual monograph. Where such addition is permitted, the label shall indicate the name(s) and
amount(s) of any added substance(s).

5.20.20. Added Substances, Excipients, and Ingredients in Official Products 
Suitable substances and excipients such as antimicrobial agents, pharmaceutical bases,
carriers, coatings, flavors, preservatives, stabilizers, and vehicles may be added to an official
product to enhance its stability, usefulness, or elegance, or to facilitate its preparation, unless
otherwise specified in the individual monograph. 
Added substances and excipients employed solely to impart color may be incorporated into
official products other than those intended for parenteral or ophthalmic use, in accordance with
the regulations pertaining to the use of colors issued by the U.S. Food and Drug Administration
(FDA), provided such added substances or excipients are otherwise appropriate in all respects.
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(See also Added Substances under Injections 1 .) 
The proportions of the substances constituting the base in ointment and suppository products
and preparations may be varied to maintain a suitable consistency under different climatic
conditions, provided that the concentrations of active ingredients are not varied and provided
that the bioavailability, therapeutic efficacy, and safety of the preparation are not impaired.

5.20.20.1. In Compounded Preparations 
Compounded preparations for which a complete composition is given shall contain only the
ingredients named in the formulas unless specifically exempted herein or in the individual
monograph. Deviation from the specified processes or methods of compounding, although not
from the ingredients or proportions thereof, may occur provided that the finished preparation
conforms to the relevant standards and to preparations produced by following the specified
process. 
Where a monograph for a compounded preparation calls for an ingredient in an amount
expressed on the dried basis, the ingredient need not be dried before use if due allowance is
made for the water or other volatile substances present in the quantity taken. 
Specially denatured alcohol formulas are available for use in accordance with federal statutes
and regulations of the Internal Revenue Service. A suitable formula of specially denatured
alcohol may be substituted for Alcohol in the manufacture of official preparations intended for
internal or topical use, provided that the denaturant is volatile and does not remain in the
finished product. A preparation that is intended for topical application to the skin may contain
specially denatured alcohol, provided that the denaturant is either a usual ingredient in the
preparation or a permissible added substance; in either case the denaturant shall be identified
on the label of the topical preparation. Where a process is given in the individual monograph,
any preparation compounded using denatured alcohol shall be identical to that prepared by the
monograph process.

5.20.20.2. In Dietary Supplements 
Additional ingredients may be added to dietary supplement products provided that the
additional ingredients (1) comply with applicable regulatory requirements; and (2) do not
interfere with the assays and tests prescribed for determining compliance with compendial
standards.

5.30. Description and Solubility 
Only where a quantitative solubility test is given in a monograph and is designated as such is it
a test for purity. 
A monograph may include information regarding the article's description. Information about an
article's “description and solubility” also is provided in the reference table Description and
Relative Solubility of USP and NF Articles. The reference table merely denotes the properties of
articles that comply with monograph standards. The reference table is intended primarily for
those who use, prepare, and dispense drugs and/or related articles. Although the information
provided in monographs and the information in the reference table may indirectly assist in the
preliminary evaluation of an article, it is not intended to serve as a standard or test for purity. 
The approximate solubility of a compendial substance is indicated by one of the following
descriptive terms:

Descriptive Term
Parts of Solvent Required 

for 1 Part of Solute

Very soluble Less than 1
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Freely soluble From 1 to 10
Soluble From 10 to 30
Sparingly soluble From 30 to 100
Slightly soluble From 100 to 1,000
Very slightly soluble From 1,000 to 10,000
Practically insoluble, or 
Insoluble

Greater than or equal to 
10,000

5.40. Identity 
A compendial test titled Identity or Identification is provided as an aid in verifying the identity
of articles as they are purported to be, e.g., those taken from labeled containers, and to
establish whether it is the article named in USP–NF. The Identity or Identification test for a
particular article may consist of one or more procedures. When a compendial test for Identity
or Identification is undertaken, all requirements of all specified procedures in the test must be
met to satisfy the requirements of the test. Failure of an article to meet all the requirements of
a prescribed Identity or Identification test (i.e., failure to meet the requirements of all of the
specified procedures that are components of that test) indicates that the article is mislabeled
and/or adulterated.

5.50. Assay 
Assay tests for compounded preparations are not intended for evaluating a compounded
preparation before dispensing, but instead are intended to serve as the official test in the
event of a question or dispute regarding the preparation's conformance to official standards.

5.50.10. Units of Potency (Biological) 
For substances that cannot be completely characterized by chemical and physical means, it
may be necessary to express quantities of activity in biological units of potency, each defined
by an authoritative, designated reference standard. 
Units of biological potency defined by the World Health Organization (WHO) for International
Biological Standards and International Biological Reference Preparations are termed International
Units (IU). Monographs refer to the units defined by USP Reference Standards as “USP Units.”
For biological products, units of potency are defined by the corresponding U.S. Standard
established by FDA, whether or not International Units or USP Units have been defined (see

Biologics 1041 ).

5.60. Impurities and Foreign Substances 
Tests for the presence of impurities and foreign substances are provided to limit such
substances to amounts that are unobjectionable under conditions in which the article is

customarily employed (see also Impurities in Official Articles 1086

Impurities in Drug Substances and Drug Products 1086
). 
Nonmonograph tests and acceptance criteria suitable for detecting and controlling impurities
that may result from a change in the processing methods or that may be introduced from
external sources should be employed in addition to the tests provided in the individual
monograph, where the presence of the impurity is inconsistent with applicable good
manufacturing practices or good pharmaceutical practice.

5.60.10. Other Impurities in USP and NF Articles 
If a USP or NF monograph includes an assay or organic impurity test based on chromatography,
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other than a test for residual solvents, and that monograph procedure does not detect an
impurity present in the substance
official article (drug substance or drug product)

, the amount and identity of the impurity, where both are known, shall be stated in the labeling
(certificate of analysis) of the official substance
article

, under the heading Other Impurity(ies). 
The presence of any unlabeled other impurity in an official substance
article

is a variance from the standard if the content is 0.1% or greater
greater than 0.1% unless otherwise stated in the monograph.

The sum of all Other Impurities combined with the monograph-detected impurities may not

exceed 2.0% (see Ordinary Impurities 466 ), unless otherwise stated in the monograph. 
The following categories of drug substances
official articles

are excluded from Other Impurities requirements:
Fermentation products and semi-synthetics derived therefrom
Radiopharmaceuticals
Biologics
Biotechnology-derived products
Peptides
Herbals
Crude products of animal or plant origin

Any substance known to be toxic shall not be listed under Other Impurities.

5.60.20. Residual Solvents in USP and NF Articles 
All USP and NF articles are subject to relevant control of residual solvents, even when no test
is specified in the individual monograph. If solvents are used during production, they must be of
suitable quality. In addition, the toxicity and residual level of each solvent shall be taken into
consideration, and the solvents limited according to the principles defined and the requirements

specified in Residual Solvents 467 , using the general methods presented therein or other
suitable methods.

5.60.30 Elemental Impurities in USP and NF Articles 

Note—General chapters 232  and 233  were published June 1, 2012, in the Second
Supplement to USP 35, with an official date of December 1, 2012; however, the date of
applicability to articles recognized in USP–NF is May 1, 2014, the date on which this General
Notices provision becomes official.
Elemental impurities are controlled in official products (drug products) and official substances
(drug substances and excipients) according to the principles defined and requirements specified

in Elemental Impurities—Limits 232  using the procedures permitted in Elemental Impurities

—Procedures 233 .

5.70. Performance Tests 
Where content uniformity determinations have been made using the same analytical
methodology specified in the Assay, with appropriate allowances made for differences in sample
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preparation, the average of all of the individual content uniformity determinations may be used
as the Assay value.

5.80. USP Reference Standards 
USP Reference Standards are authentic specimens that have been approved as suitable for use

as comparison standards in USP or NF tests and assays. (See USP Reference Standards 11 .)
Where USP or NF tests or assays call for the use of a USP Reference Standard, only those

results obtained using the specified USP Reference Standard are conclusive for purposes of
demonstrating conformance to such USP or NF standards.
Where a procedure calls for the use of a compendial article rather than for a USP Reference
Standard as a material standard of reference, a substance meeting all of the compendial
monograph requirements for that article shall be used. If any new USP or NF standard requires
the use of a new USP Reference Standard that is not yet available, that portion of the
standard containing the requirement shall not be official until the specified USP reference
material is available. 
Unless a reference standard label bears a specific potency or content, assume the reference
standard is 100.0% pure in the official application. Unless otherwise directed in the procedure in
the individual monograph or in a general chapter, USP Reference Standards are to be used in
accordance with the instructions on the label of the Reference Standard.

Change to read:
6. TESTING PRACTICES AND PROCEDURES

6.10. Safe Laboratory Practices 
In performing compendial procedures, safe laboratory practices shall be followed, including
precautionary measures, protective equipment, and work practices consistent with the
chemicals and procedures used. Before undertaking any procedure described in the compendia,
the analyst should be aware of the hazards associated with the chemicals and the techniques
and means of protecting against them. These compendia are not designed to describe such
hazards or protective measures.

6.20. Automated Procedures 
Automated and manual procedures employing the same basic chemistry are considered
equivalent.

6.30. Alternative and Harmonized Methods and Procedures 
Alternative methods and/or procedures may be used if they provide advantages in terms of
accuracy, sensitivity, precision, selectivity, or adaptability to automation or computerized data
reduction, or in other special circumstances. Such alternative procedures and methods shall be

validated as described in the general chapter Validation of Compendial Procedures 1225  and
must be shown to give equivalent or better results. Only those results obtained by the methods
and procedures given in the compendium are conclusive. 
Alternative procedures should be submitted to USP for evaluation as a potential replacement or
addition to the standard (see section 4.10, Monographs). 
Certain general chapters contain a statement that the text in question is harmonized with the
corresponding text of the European Pharmacopoeia and/or the Japanese Pharmacopoeia and
that these texts are interchangeable. Therefore, if a substance or preparation is found to
comply with a requirement using an interchangeable method or procedure from one of these
pharmacopeias, it should comply with the requirements of the USP. When a difference appears,
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or in the event of dispute, only the result obtained by the method and/or procedure given in
the USP is conclusive.

6.40. Dried, Anhydrous, Ignited, or Solvent-Free Basis 
All calculations in the compendia assume an “as-is” basis unless otherwise specified. 
Test procedures may be performed on the undried or unignited substance and the results
calculated on the dried, anhydrous, or ignited basis, provided a test for Loss on Drying, or
Water Determination, or Loss on Ignition, respectively, is given in the monograph. Where the
presence of moisture or other volatile material may interfere with the procedure, previous
drying of the substance is specified in the individual monograph and is obligatory. 
The term “solvent-free” signifies that the calculation shall be corrected for the presence of

known solvents as determined using the methods described in Residual Solvents 467  unless
a test for limit of organic solvents is provided in the monograph. 
The term “previously dried” without qualification signifies that the substance shall be dried as

directed under Loss on Drying 731  or Water Determination 921  (gravimetric
determination). 
Where drying in vacuum over a desiccant is directed, a vacuum desiccator, a vacuum drying
pistol, or other suitable vacuum drying apparatus shall be used.

6.40.10. Ignite To Constant Weight 

“Ignite to constant weight” means that ignition shall be continued at 800 ± 25 , unless
otherwise indicated, until two consecutive weighings, the second of which is taken after an
additional period appropriate to the nature and quantity of the residue, do not differ by more
than 0.50 mg per g of substance taken.

6.40.20. Dried To Constant Weight 
“Dried to constant weight” means that drying shall be continued until two consecutive
weighings, the second of which is taken after an additional drying period appropriate to the
nature and quantity of the residue, do not differ by more than 0.50 mg per g of substance
taken.

6.50. Preparation of Solutions

6.50.10. Filtration 
Where a procedure gives direction to “filter” without further qualification, the liquid shall be
passed through suitable filter paper or equivalent device until the filtrate is clear. Due to the
possibility of filter effects, the initial volumes of a filtrate may be discarded.

6.50.20. Solutions 
Unless otherwise specified, all solutions shall be prepared with Purified Water. Solutions for
quantitative measures shall be prepared using accurately weighed or accurately measured
analytes (see section 8.20, About). 
An expression such as “(1 in 10)” means that 1 part by volume of a liquid shall be diluted with
or 1 part by weight of a solid shall be dissolved in,

a sufficient quantity of the diluent or solvent to make the volume of the finished solution 10
parts by volume. The same expression pertaining to a solid dissolved in a liquid means that 1 g
of a solid shall be dissolved in a sufficient quantity of the liquid to make the final volume 10 mL.
An expression such as “(20:5:2)” means that the respective numbers of parts, by volume, of
the designated liquids shall be mixed, unless otherwise indicated.
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6.50.20.1. Adjustments to Solutions 
When a specified concentration is called for in a procedure, a solution of other normality or
having a different

molarity may be used, provided that allowance is made for the difference in concentration and
that the change does not increase the error of measurement. 
Proportionately larger or smaller quantities than the specified weights and volumes of assay or

test substances and Reference Standards may be taken, provided the measurement is made
with at least equivalent accuracy and provided that any subsequent steps, such as dilutions,
are adjusted accordingly to yield concentrations equivalent to those specified and are made in
such manner as to provide at least equivalent accuracy.

Unless otherwise indicated, analyte concentrations shall be prepared to within ten percent
(10%) of the indicated value. In the special case in which a procedure is adapted to the
working range of an instrument, solution concentrations may differ from the indicated value by
more than ten percent (10%), with appropriate changes in associated calculations. Any
changes shall fall within the validated range of the instrument. 
When adjustment of pH is indicated with either an acid or base and the concentration is not
indicated, appropriate concentrations of that acid or base may be used.

6.50.20.2. Test Solutions 
Information on Test Solutions (TS) is provided in the Test Solutions portion of the Reagents,
Indicators, and Solutions section of the USP–NF. Use of an alternative Test Solution or a
change in the Test Solution used may require validation.

6.50.20.3. Indicator Solutions 
Where a procedure specifies the use of an indicator TS, approximately 0.2 mL, or 3 drops, of
the solution shall be added unless otherwise directed.

6.60. Units Necessary to Complete a Test 
Unless otherwise specified, a sufficient number of units to ensure a suitable analytical result
shall be taken.

6.60.10. Tablets 
Where the procedure of a Tablet monograph directs to weigh and finely powder not fewer than
a given number of Tablets, a counted number of Tablets shall be weighed and reduced to a
powder. The portion of the powdered Tablets taken shall be representative of the whole
Tablets and shall, in turn, be weighed accurately.

6.60.20. Capsules 
Where the procedure of a Capsule monograph gives direction to remove, as completely as
possible, the contents of not fewer than a given number of the Capsules, a counted number of
Capsules shall be carefully opened and the contents quantitatively removed, combined, mixed,
and weighed accurately. The portion of mixed Capsules contents taken shall be representative
of the contents of the Capsules and shall, in turn, be weighed accurately.

6.70. Reagents 
The proper conduct of the compendial procedures and the reliability of the results depend, in
part, upon the quality of the reagents used in the performance of the procedures. Unless
otherwise specified, reagents conforming to the specifications set forth in the current edition of
Reagent Chemicals published by the American Chemical Society (ACS) shall be used. Where
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such ACS reagent specifications are not available or where the required purity differs,
compendial specifications for reagents of acceptable quality are provided (see the Reagents,
Indicators, and Solutions section of the USP–NF). Reagents not covered by any of these
specifications should be of a grade suitable to the proper performance of the method of assay
or test involved. 
Listing of these reagents, including the indicators and solutions employed as reagents, in no
way implies that they have therapeutic utility; furthermore, any reference to USP or NF in their
labeling shall include also the term “reagent” or “reagent grade.” USP may supply reagents if
they otherwise may not be generally commercially available.

6.80. Equipment 
Unless otherwise specified, a specification for a definite size or type of container or apparatus
in a procedure is given solely as a recommendation. Other dimensions or types may be used if
they are suitable for the intended use.

6.80.10. Apparatus for Measurement 
Where volumetric flasks or other exact measuring, weighing, or sorting devices are specified,
this or other equipment of at least equivalent accuracy shall be employed.

6.80.10.1. Pipet
/Pipette

Where a pipet
/pipette

is specified, a suitable buret may be substituted. Where a “to contain” pipet
/pipette

is specified, a suitable volumetric flask may be substituted.

6.80.10.2. Light Protection 
Where low-actinic or light-resistant containers are specified, either containers specially treated
to protect contents from light or clear containers that have been rendered opaque by
application of a suitable coating or wrapping may be used.

6.80.20. Instrumental Apparatus 
An instrument may be substituted for the specified instrument if the substitute uses the same
fundamental principles of operation and is of equivalent or greater sensitivity and accuracy.
These characteristics shall be qualified as appropriate. Where a particular brand or source of a
material, instrument, or piece of equipment, or the name and address of a manufacturer or
distributor, is mentioned (ordinarily in a footnote), this identification is furnished solely for
informational purposes as a matter of convenience, without implication of approval,
endorsement, or certification.

6.80.20.1. Chromatographic Tubes and Columns 
The term “diameter” refers to internal diameter (ID).

6.80.20.2. Tubing 
The term “diameter” refers to outside diameter (OD).

6.80.20.3. Steam Bath 
Where use of a steam bath is directed, use actively flowing steam or another regulated heat
source controlled at an equivalent temperature.
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6.80.20.4. Water Bath 
A water bath requires vigorously boiling water unless otherwise specified.

6.80.30 Temperature Reading Devices 
Temperature reading devices suitable for Pharmacopeial tests conform to specifications that
are traceable to an NIST standard or equivalent. Temperature reading devices may be of the
liquid-in-glass type or an analog or digital temperature indicator type, such as a resistance
temperature device, thermistor, or thermocouple. Standardization of thermometers is performed
on an established testing frequency with a temperature standard traceable to NIST. For
example, refer to the current issue of ASTM standards E1 for liquid-in-glass thermometers.

7. TEST RESULTS

7.10. Interpretation of Requirements 
Analytical results observed in the laboratory (or calculated from experimental measurements)
are compared with stated acceptance criteria to determine whether the article conforms to
compendial requirements. 
The reportable value, which often is a summary value for several individual determinations, is
compared with the acceptance criteria. The reportable value is the end result of a completed
measurement procedure, as documented. 
Where acceptance criteria are expressed numerically herein through specification of an upper
and/or lower limit, permitted values include the specified values themselves, but no values
outside the limit(s). Acceptance criteria are considered significant to the last digit shown.

7.10.5. Nominal Concentrations in Equations 
Where a “nominal concentration” is specified, calculate the concentration based on the label
claim. In assay procedures, water correction is typically stated in the Definition and on the
label of the USP Reference Standard. For other procedures, correction for assayed content,
potency, or both is made prior to using the concentration in the equation provided in the
monograph.

7.10.10. Equivalence Statements in Titrimetric Procedures 
The directions for titrimetric procedures conclude with a statement of the weight of the
analyte that is equivalent to each mL of the standardized titrant. In such an equivalence
statement, the number of significant figures in the concentration of the titrant should be
understood to correspond to the number of significant figures in the weight of the analyte.
Corrections to calculations based on the blank determination are to be made for all titrimetric

assays where appropriate (see Titrimetry 541 ).

7.20. Rounding Rules 
The observed or calculated values shall be rounded off to the number of decimal places that is
in agreement with the limit expression. Numbers should not be rounded until the final
calculations for the reportable value have been completed. Intermediate calculations (e.g.,
slope for linearity) may be rounded for reporting purposes, but the original (not rounded) value
should be used for any additional required calculations. Acceptance criteria are fixed numbers
and are not rounded. 
When rounding is required, consider only one digit in the decimal place to the right of the last
place in the limit expression. If this digit is smaller than 5, it is eliminated and the preceding
digit is unchanged. If this digit is equal to or greater than 5, it is eliminated and the preceding
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digit is increased by 1.

Illustration of Rounding Numerical Values 
for Comparison with Requirements

Compendial Requirement Unrounded Value Rounded Result Conforms

Assay limit 98.0% 97.96% 98.0% Yes

 97.92% 97.9% No
 97.95% 98.0% Yes
Assay limit 101.5% 101.55% 101.6% No

 101.46% 101.5% Yes
 101.45% 101.5% Yes
Limit test 0.02% 0.025% 0.03% No

 0.015% 0.02% Yes
 0.027% 0.03% No
Limit test 3 ppm 3.5 ppm 4 ppm No

 3.4 ppm 3 ppm Yes
 2.5 ppm 3 ppm Yes

Change to read:
8. TERMS AND DEFINITIONS

8.10. Abbreviations
RS refers to a USP Reference Standard.
CS refers to a Colorimetric Solution.
TS refers to a Test Solution.
VS refers to a Volumetric Solution that is standardized in accordance with directions
given in the individual monograph or in the Reagents, Indicators, and Solutions section
of USP–NF.

8.20. About 
“About” indicates a quantity within 10%. 
If the measurement is stated to be “accurately measured” or “accurately weighed,” follow the

statements in the general chapters Volumetric Apparatus 31  and Weights and Balances 41

Balances 41
, respectively.

8.30. Alcohol Content 
Percentages of alcohol, such as those under the heading Alcohol Content, refer to percentage

by volume of C2H5OH at 15.56 . Where a formula, test, or assay calls for alcohol, ethyl alcohol,
or ethanol, the USP monograph article Alcohol shall be used. Where reference is made to
“C2H5OH,” absolute (100 percent) ethanol is intended. Where a procedure calls for dehydrated
alcohol, alcohol absolute, or anhydrous alcohol, the USP monograph article Dehydrated Alcohol
shall be used.

8.40. Atomic Weights 
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Atomic weights used in computing molecular weights and the factors in the assays and
elsewhere are those established by the IUPAC Commission on Atomic Weights and Isotopic
Abundances.

8.50. Blank Determinations 
Where it is directed that “any necessary correction” be made by a blank determination, the
determination shall be conducted using the same quantities of the same reagents treated in the
same manner as the solution or mixture containing the portion of the substance under assay or
test, but with the substance itself omitted.

8.60. Concomitantly 
“Concomitantly” denotes that the determinations or measurements are to be performed in
immediate succession.

8.70. Desiccator 
The instruction “in a desiccator” indicates use of a tightly closed container of suitable size and
design that maintains an atmosphere of low moisture content by means of a suitable desiccant
such as anhydrous calcium chloride, magnesium perchlorate, phosphorus pentoxide, or silica gel.
See also section 8.220, Vacuum Desiccator.

8.80. Logarithms 
Logarithms are to the base 10.

8.90. Microbial Strain 
A microbial strain cited and identified by its ATCC catalog number shall be used directly or, if
subcultured, shall be used not more than five passages removed from the original strain.

8.100. Negligible 
“Negligible” indicates a quantity not exceeding 0.50 mg.

8.110. NLT/NMT 
“NLT” means “not less than.” “NMT” means “not more than.”

8.120. Odor 
“Odorless,” “practically odorless,” “a faint characteristic odor,” and variations thereof indicate
evaluation of a suitable quantity of freshly opened material after exposure to the air for 15
minutes. An odor designation is descriptive only and should not be regarded as a standard of
purity for a particular lot of an article.

8.130. Percent 
“Percent” used without qualification means the following:

For mixtures of solids and semisolids, percent weight in weight
For solutions or suspensions of solids in liquids, percent weight in volume
For solutions of liquids in liquids, percent volume in volume
For solutions of gases in liquids, percent weight in volume

For example, a 1 percent solution is prepared by dissolving 1 g of a solid or semisolid, or 1 mL of
a liquid, in sufficient solvent to make 100 mL of the solution.

8.140. Percentage Concentrations 
Percentage concentrations are expressed as follows:

Percent Weight in Weight (w/w) is defined as the number of g of a solute in 100 g of
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solution.
Percent Weight in Volume (w/v) is defined as number of g of a solute in 100 mL of
solution.
Percent Volume in Volume (v/v) is defined as the number of mL of a solute in 100 mL of
solution.

8.150. Pressure 
Pressure is determined by use of a suitable manometer or barometer calibrated in terms of the
pressure exerted by a column of mercury of the stated height.

8.160. Reaction Time 
Reaction time is 5 minutes unless otherwise specified.

8.170. Specific Gravity 

Specific gravity is the weight of a substance in air at 25  divided by the weight of an equal
volume of water at the same temperature.

8.180. Temperatures 
Temperatures are expressed in centigrade (Celsius) degrees, and all measurements are made at

25  unless otherwise indicated. Where moderate heat is specified, any temperature not higher

than 45 (113  F) is indicated.

8.190. Time 
Unless otherwise specified, rounding rules, as described in section 7.20, Rounding Rules, apply
to any time specified.

8.200. Transfer 
“Transfer” indicates a quantitative manipulation.

8.210. Vacuum 
“Vacuum” denotes exposure to a pressure of less than 20 mm of mercury (2.67 kPas), unless
otherwise indicated.

8.220. Vacuum Desiccator 
“Vacuum desiccator” indicates a desiccator that maintains a low-moisture atmosphere at a
reduced pressure of not more than 20 mm of mercury (2.67 kPas) or at the pressure designated
in the individual monograph.

8.230. Water

8.230.10. Water as an Ingredient in an Official Product 
As an ingredient in an official product, water meets the requirements of the appropriate water
monograph in USP or NF.

8.230.20. Water in the Manufacture of Official Substances 
When used in the manufacture of official substances, water may meet the requirements for
drinking water as set forth in the regulations of the U.S. Environmental Protection Agency
(potable water).

8.230.30. Water in a Compendial Procedure 
When water is called for in a compendial procedure, the USP article Purified Water shall be used
unless otherwise specified. Definitions for High-Purity Water and Carbon Dioxide-Free Water are
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provided in Containers—Glass 660 . Definitions of other types of water are provided in Water

for Pharmaceutical Purposes 1231 .

8.240. Weights and Measures 
In general, weights and measures are expressed in the International System of Units (SI) as
established and revised by the Conférence générale des poids et mesures. For compendial
purposes, the term “weight” is considered to be synonymous with “mass.” 
Molality is designated by the symbol m preceded by a number that represents the number of
moles of the designated solute contained in 1 kilogram of the designated solvent. 
Molarity is designated by the symbol M preceded by a number that represents the number of
moles of the designated solute contained in an amount of the designated solvent that is
sufficient to prepare 1 liter of solution. 
Normality is designated by the symbol N preceded by a number that represents the number of
equivalents of the designated solute contained in an amount of the designated solvent that is
sufficient to prepare 1 liter of solution. 
Symbols commonly employed for SI metric units and other units are as follows
Chart of Symbols and Prefixes commonly employed for SI metric units and other units:

Bq = becquerel dL = deciliter
kBq = kilobecquerel L = liter
MBq = megabecquerel mL = milliliterc

GBq = gigabecquerel µL = microliter
Ci = curie Eq = gram-equivalent weight
mCi = millicurie mEq = milliequivalent
µCi = microcurie mol = gram-molecular weight (mole)
nCi = nanocurie Da = dalton (relative molecular mass)
Gy = gray mmol = millimole
mGy = milligray Osmol = osmole
m = meter mOsmol = milliosmole
dm = decimeter Hz = hertz
cm = centimeter kHz = kilohertz
mm = millimeter MHz = megahertz
µm = micrometer (0.001mm) V = volts

nm = nanometera MeV = million electron volts

kg = kilogram keV = kilo-electron volt
g = gram mV = millivolt
mg = milligram psi = pounds per square inch

µg; mcg = microgramb Pa = pascal

ng = nanogram kPa = kilopascal
pg = picogram g = gravity (in centrifugation)
fg = femtogram  
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a Previously the symbol mµ (for millimicron) was used.
b The symbol µg is used in the USP and NF to represent micrograms, but micrograms may be
represented as “mcg” for labeling and prescribing purposes. The term “gamma,” symbolized by 

, frequently is used to represent micrograms in biochemical literature.
c One milliliter (mL) is used herein as the equivalent of one cubic centimeter (cc).

 Units Symbol Notes

Length    
 meter m  
 centimetercm cm  
 millimetermm mn  
 micrometer µm Previously referred to as a micron
 nanometer nm Previously the symbol mµ (for millimicron) was used
 Ångström Equal to 0.1 nm

Mass    
 kilogram kg  
 gram g  
 milligram mg  
 microgram µg The symbol µg is used in the USP and NF to

represent micrograms, but micrograms may be
represented as “mcg” for labeling and prescribing
purposes. The term “gamma,” symbolized by ,
frequently is used to represent micrograms in
biochemical literature.

 nanogram ng  
 picogram pg  
 dalton Da Also referred to as the unified atomic mass unit and

is equal to 1/12 times the mass of the free carbon
12 atom.

 kilodalton kDa  
Time    
 second s  
 minute min  
 hour h  
Volume    
 liter L 1 L is equal to 1000 cm3 (cubic centimeters)

 deciliter dL  
 milliliter mL 1 mL is equal to 1 cm3, sometimes referred to as cc

 microliter µL  
Temperature    
 Celsius C  

Amount of
Substance

   

 mole mol Historically referred to as gram-molecular weight or
gram-atomic weight
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 millimole mmol  
 micromole µmol  
 femtomole fmol  
 equivalent Eq Also referred to as gram-equivalent weight. It is

used in the calculation of substance concentration
in units of normality. This unit is no longer preferred
for use in analytical chemistry or metrology.

 milliequivalent mEq  
 osmole Osmol Osmotic pressure of a solution, related to substance

concentration.
 milliosmole mOsmol  
Pressure    
 pascal Pa  
 kilopascal kPa  
 pounds per

square inch
psi  

 millimeter of
mercury

mmHg Equal to 133.322 Pa

Electrical
units

   

 ampere A  
 volt V  
 millivolt mV  
 hertz Hz Unit of frequency
 kilohertz kHz  
 megahertz MHz  
 electron volt eV  
 kilo-electron

volt
keV  

Radiation    
 becquerel Bq SI unit of activity for radionuclides
 kilobecquerel kBq  
 megabecquerel MBq  
 gigabecquerel GBq  
 curie Ci Non-SI unit of activity for radionuclides
 millicurie mCi  
 microcurie µCi  
 nanocurie nCi  
Other    
 acceleration

due to gravity
gn Used to express rate of centrifugation

 revolutions per
minute

rpm Used to express rate of centrifugation

Selected SI Prefixes

Name Symbol Factor

PF 39(1): Jan.-Feb. 2013 75



giga G 109

mega M 106

kilo k 103

deci d 10−1

centi c 10−2

milli m 10−3

micro µ 10−6

nano n 10−9

pico p 10−12

femto f 10−15

9. PRESCRIBING AND DISPENSING

9.10 Use of Metric Units 
Prescriptions for compendial articles shall be written to state the quantity and/or strength
desired in metric units unless otherwise indicated in the individual monograph (see also Units of
Potency, section 5.50.10 above). If an amount is prescribed by any other system of
measurement, only an amount that is the metric equivalent of the prescribed amount shall be
dispensed. Apothecary unit designations on labels and labeling shall not be used.

9.20 Changes in Volume 
In the dispensing of prescription medications, slight changes in volume owing to variations in
room temperatures may be disregarded.

Change to read:
10. PRESERVATION, PACKAGING, STORAGE, AND LABELING 
[Note—Storage- and packaging-related provisions previously addressed in the General Notices

have been omitted, except for the brief provision proposed to be established below in GN

10.10; see the new general chapter 659  for packaging components and storage conditions.

Labeling-related provisions are also in the process of being moved to a new general chapter 7

, and will be similarly omitted in the future.]

10.10. Storage Under Nonspecific Conditions
Packaging and Storage

If no specific directions or limitations are provided in the Packaging and Storage section of an
individual USP monograph or in the labeling of an article recognized in USP, the conditions of
storage shall include storage at controlled room temperature, protection from moisture, and,
where necessary, protection from light. Such articles shall be protected from moisture,
freezing, and excessive heat, and, where necessary, from light during shipping and distribution.
Drug substances are exempt from the requirements in this paragraph. 
Regardless of quantity, where no specific storage directions or limitations are provided in an
individual NF monograph or stated in the labeling of an article recognized in NF, the conditions
of storage and distribution shall include protection from moisture, freezing, excessive heat, and,
where necessary, from light. 
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USP37

USP37

PF 39(1): Jan.-Feb. 2013 76



See general chapter 659 , which contains applicable requirements, unless different specific
directions or limitations are provided in a particular monograph or an article's labeling.

10.20. Containers

The container is that which holds the article and is or may be in direct contact with the article.
The immediate container is that which is in direct contact with the article at all times. The
closure is a part of the container.

Before being filled, the container should be clean. Special precautions and cleaning procedures
may be necessary to ensure that each container is clean and that extraneous matter is not
introduced into or onto the article.

The container does not interact physically or chemically with the article placed in it so as to
alter the strength, quality, or purity of the article beyond the official requirements.

The compendial requirements for the use of specified containers apply also to articles as
packaged by the pharmacist or other dispenser, unless otherwise indicated in the individual
monograph.

10.20.10. Tamper-Evident Packaging

The container or individual carton of a sterile article intended for ophthalmic or otic use, except
where extemporaneously compounded for immediate dispensing on prescription, shall be so
sealed that the contents cannot be used without obvious destruction of the seal.

Articles intended for sale without prescription are also required to comply with the tamper-
evident packaging and labeling requirements of the FDA where applicable.

Preferably, the immediate container and/or the outer container or protective packaging used by
a manufacturer or distributor for all dosage forms that are not specifically exempt is designed
so as to show evidence of any tampering with the contents.

10.20.20. Light-Resistant Container

A light-resistant container (see Light Transmission Test under Containers—Performance

Testing 671 ) protects the contents from the effects of light by virtue of the specific
properties of the material of which it is composed, including any coating applied to it.
Alternatively, a clear and colorless or a translucent container may be made light-resistant by
means of an opaque covering, in which case the label of the container bears a statement that
the opaque covering is needed until the contents are to be used or administered. Where it is
directed to “protect from light” in an individual monograph, preservation in a light-resistant
container is intended.

Where an article is required to be packaged in a light-resistant container, and if the container
is made light-resistant by means of an opaque covering, a single-use, unit-dose container or
mnemonic pack for dispensing may not be removed from the outer opaque covering before
dispensing.

10.20.30. Well-Closed Container

A well-closed container protects the contents from extraneous solids and from loss of the
article under the ordinary or customary conditions of handling, shipment, storage, and
distribution.

USP37
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10.20.40. Tight Container

A tight container protects the contents from contamination by extraneous liquids, solids, or
vapors; from loss of the article; and from efflorescence, deliquescence, or evaporation under
the ordinary or customary conditions of handling, shipment, storage, and distribution; and is
capable of tight reclosure. Where a tight container is specified, it may be replaced by a
hermetic container for a single dose of an article.

A gas cylinder is a metallic container designed to hold a gas under pressure. As a safety
measure, for carbon dioxide, cyclopropane, helium, nitrous oxide, and oxygen, the Pin-Index
Safety System of matched fittings is recommended for cylinders of Size E or smaller.

[Note—Where packaging and storage in a tight container or a well-closed container is specified
in the individual monograph, the container used for an article when dispensed on prescription

meets the requirements under Containers—Performance Testing 671 .]

10.20.50. Hermetic Container

A hermetic container is impervious to air or any other gas under the ordinary or customary
conditions of handling, shipment, storage, and distribution.

10.20.60. Single-Unit Container

A single-unit container is one that is designed to hold a quantity of drug product intended for
administration as a single dose or a single finished device intended for use promptly after the
container is opened. Preferably, the immediate container and/or the outer container or
protective packaging shall be so designed as to show evidence of any tampering with the
contents. Each single-unit container shall be labeled to indicate the identity, quantity and/or
strength, name of the manufacturer, lot number, and expiration date of the article.

10.20.70. Single-Dose Container

A single-dose container is a single-unit container for articles intended for parenteral
administration only. A single-dose container is labeled as such. Examples of single-dose
containers include prefilled syringes, cartridges, fusion-sealed containers, and closure-sealed

containers when so labeled. (See also Containers for Injections under Injections 1 .)

10.20.80. Unit-Dose Container

A unit-dose container is a single-unit container for articles intended for administration by other
than the parenteral route as a single dose, direct from the container.

10.20.90. Unit-of-Use Container

A unit-of-use container is one that contains a specific quantity of a drug product and that is
intended to be dispensed as such without further modification except for the addition of
appropriate labeling. A unit-of-use container is labeled as such.

10.20.100. Multiple-Unit Container

A multiple-unit container is a container that permits withdrawal of successive portions of the
contents without changing the strength, quality, or purity of the remaining portion.

10.20.110. Multiple-Dose Container
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A multiple-dose container is a multiple-unit container for articles intended for parenteral

administration only. (See also Containers for Injections under Injections 1 ).

10.20.120. Requirements under the Poison Prevention Packaging Act (PPPA)

This act (see the website, www.cpsc.gov/businfo/pppa.html) requires special packaging of
most human oral prescription drugs, oral controlled drugs, certain non-oral prescription drugs,
certain dietary supplements, and many over-the-counter (OTC) drug preparations in order to
protect the public from personal injury or illness from misuse of these preparations (16 CFR §
1700.14).

The immediate packaging of substances regulated under the PPPA shall comply with the special
packaging standards (16 CFR § 1700.15 and 16 CFR § 1700.20). The PPPA regulations for
special packaging apply to all packaging types including reclosable, nonclosable, and unit-dose
types.

Special packaging is not required for drugs dispensed within a hospital setting for inpatient
administration. Manufacturers and packagers of bulk-packaged prescription drugs do not have
to use special packaging if the drug will be repackaged by the pharmacist. PPPA-regulated
prescription drugs may be dispensed in non–child-resistant packaging upon the request of the
purchaser or when directed in a legitimate prescription (15 U.S.C. § 1473).

Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one
size in non–child-resistant packaging as long as popular-size, special packages are also
supplied. The non–child-resistant package requires special labeling (16 CFR § 1700.5).

Various types of child-resistant packages are covered in ASTM International Standard D-3475,
Standard Classification of Child-Resistant Packaging. Examples are included as an aid in the
understanding and comprehension of each type of classification.

10.30. Storage Temperature and Humidity

Specific directions are stated in some monographs with respect to the temperatures and
humidity at which official articles shall be stored and distributed (including the shipment of
articles to the consumer) when stability data indicate that storage and distribution at a lower
or a higher temperature and a higher humidity produce undesirable results. Such directions
apply except where the label on an article states a different storage temperature on the basis
of stability studies of that particular formulation. Where no specific storage directions or
limitations are provided in the individual monograph, but the label of an article states a storage
temperature that is based on stability studies of that particular formulation, such labeled

storage directions apply. (See also Pharmaceutical Stability 1150 .) The conditions are
defined by the following terms.

10.30.10. Freezer

“Freezer” indicates a place in which the temperature is maintained thermostatically between 

25  and 10  ( 13  and 14 F).

10.30.20. Cold

Any temperature not exceeding 8  (46 F) is “cold.” A “refrigerator” is a cold place in which the
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temperature is maintained thermostatically between 2  and 8  (36  and 46 F).

10.30.30. Cool

Any temperature between 8  and 15  (46  and 59 F) is“cool.” An article for which storage in a
cool place is directed may, alternatively, be stored and distributed in a refrigerator, unless
otherwise specified by the individual monograph.

10.30.40. Controlled Cold Temperature

“Controlled cold temperature” is defined as temperature maintained thermostatically between 2

and 8  (36  and 46  F), that allows for excursions in temperature between 0  and 15  (32  and

59  F) that may be experienced during storage, shipping, and distribution such that the

allowable calculated mean kinetic temperature is not more than 8  (46  F). Transient spikes up

to 25  (77  F) may be permitted if the manufacturer so instructs and provided that such spikes
do not exceed 24 hours unless supported by stability data or the manufacturer instructs
otherwise.

10.30.50. Room Temperature

“Room temperature” indicates the temperature prevailing in a working area.

10.30.60. Controlled Room Temperature

“Controlled room temperature” indicates a temperature maintained thermostatically that

encompasses the usual and customary working environment of 20  to 25  (68  to 77 F); that

results in a mean kinetic temperature calculated to be not more than 25 ; and that allows for

excursions between 15  and 30  (59  and 86 F) that are experienced in pharmacies, hospitals,
and warehouses. Provided the mean kinetic temperature remains in the allowed range, transient

spikes up to 40  are permitted as long as they do not exceed 24 hours. Spikes above 40  may
be permitted if the manufacturer so instructs. Articles may be labeled for storage at “controlled

room temperature” or at “up to 25 ”, or other wording based on the same mean kinetic
temperature. The mean kinetic temperature is a calculated value that may be used as an
isothermal storage temperature that simulates the nonisothermal effects of storage

temperature variations. (See also Pharmaceutical Stability 1150 .)

An article for which storage at controlled room temperature is directed may, alternatively, be
stored and distributed in a cool place, unless otherwise specified in the individual monograph or
on the label.

10.30.70. Warm

Any temperature between 30  and 40  (86  and 104 F) is “warm.”

10.30.80. Excessive Heat

“Excessive heat” means any temperature above 40  (104 F).

10.30.90. Protection From Freezing
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Where, in addition to the risk of breakage of the container, freezing subjects an article to loss
of strength or potency, or to destructive alteration of its characteristics, the container label
bears an appropriate instruction to protect the article from freezing.

10.30.100. Dry Place

The term “dry place” denotes a place that does not exceed 40% average relative humidity at
Controlled Room Temperature or the equivalent water vapor pressure at other temperatures.
The determination may be made by direct measurement at the place or may be based on
reported climatic conditions. Determination is based on not less than 12 equally spaced
measurements that encompass either a season, a year, or, where recorded data demonstrate,
the storage period of the article. There may be values of up to 45% relative humidity provided
that the average value is 40% relative humidity.

Storage in a container validated to protect the article from moisture vapor, including storage in
bulk, is considered storage in a dry place.

10.40. Labeling 
The term “labeling” designates all labels and other written, printed, or graphic matter upon an
immediate container of an article or upon, or in, any package or wrapper in which it is enclosed,
except any outer shipping container. The term “label” designates that part of the labeling upon
the immediate container. 
A shipping container containing a single article, unless such container is also essentially the
immediate container or the outside of the consumer package, is labeled with a minimum of
product identification (except for controlled articles), lot number, expiration date, and
conditions for storage and distribution. 
Articles in these compendia are subject to compliance with such labeling requirements as may
be promulgated by governmental bodies in addition to the compendial requirements set forth for
the articles.

10.40.10. Amount of Ingredient Per Dosage Unit 
The strength of a drug product is expressed on the container label in terms of micrograms or
milligrams or grams or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts are then provided in
the labeling. 
Official articles in capsule, tablet, or other unit dosage form shall be labeled to express the
quantity of each active ingredient or recognized nutrient contained in each such unit; except
that, in the case of unit-dose oral solutions or suspensions, whether supplied as liquid
preparations or as liquid preparations that are constituted from solids upon addition of a
designated volume of a specific diluent, the label shall express the quantity of each active
ingredient or recognized nutrient delivered under the conditions prescribed in Deliverable

Volume 698 . Official drug products not in unit dosage form shall be labeled to express the
quantity of each active ingredient in each milliliter or in each gram, or to express the
percentage of each such ingredient (see 8.140., Percentage Concentrations), except that oral
liquids or solids intended to be constituted to yield oral liquids may, alternatively, be labeled in
terms of each 5-mL portion of the liquid or resulting liquid. Unless otherwise indicated in a
monograph or chapter, such declarations of strength or quantity shall be stated only in metric
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units. See also 5.50.10., Units of Potency (Biological).

10.40.20. Use of Leading and Terminal Zeros 
To help minimize the possibility of errors in the dispensing and administration of drugs, the
quantity of active ingredient when expressed in whole numbers shall be shown without a
decimal point that is followed by a terminal zero (e.g., express as 4 mg [not 4.0 mg]). The
quantity of active ingredient when expressed as a decimal number smaller than 1 shall be
shown with a zero preceding the decimal point (e.g., express as 0.2 mg [not .2 mg]).

10.40.30. Labeling of Salts of Drugs 
It is an established principle that official articles shall have only one official title. For purposes
of saving space on labels, and because chemical symbols for the most common inorganic salts
of drugs are well known to practitioners as synonymous with the written forms, the following
alternatives are permitted in labeling official articles that are salts: HCl for hydrochloride; HBr
for hydrobromide; Na for sodium; and K for potassium. The symbols Na and K are intended for
use in abbreviating names of the salts of organic acids, but these symbols are not used where
the word Sodium or Potassium appears at the beginning of an official title (e.g., Phenobarbital
Na is acceptable, but Na Salicylate is not to be written).

10.40.40. Labeling Vitamin-Containing Products 
The vitamin content of an official drug product shall be stated on the label in metric units per
dosage unit. The amounts of vitamins A, D, and E may be stated also in USP Units. Quantities
of vitamin A declared in metric units refer to the equivalent amounts of retinol (vitamin A
alcohol). The label of a nutritional supplement shall bear an identifying lot number, control
number, or batch number.

10.40.50. Labeling Botanical-Containing Products 
The label of an herb or other botanical intended for use as a dietary supplement bears the
statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product.”

10.40.60. Labeling Parenteral And Topical Preparations 
The label of a preparation intended for parenteral or topical use states the names of all added
substances (see 5.20., Added Substances, Excipients, and Ingredients and see Labeling under

Injections 1 ), and, in the case of parenteral preparations, also their amounts or proportions,
except that for substances added for adjustment of pH or to achieve isotonicity, the label may
indicate only their presence and the reason for their addition.

10.40.70. Labeling Electrolytes 
The concentration and dosage of electrolytes for replacement therapy (e.g., sodium chloride or
potassium chloride) shall be stated on the label in milliequivalents (mEq). The label of the
product shall indicate also the quantity of ingredient(s) in terms of weight or percentage
concentration.

10.40.80. Labeling Alcohol 
The content of alcohol in a liquid preparation shall be stated on the label as a percentage (v/v)
of C2H5OH.

10.40.90. Special Capsules and Tablets 
The label of any form of Capsule or Tablet intended for administration other than by swallowing
intact bears a prominent indication of the manner in which it shall be used.
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10.40.100. Expiration Date and Beyond-Use Date 
The label of an official drug product or nutritional or dietary supplement product shall bear an
expiration date. All articles shall display the expiration date so that it can be read by an
ordinary individual under customary conditions of purchase and use. The expiration date shall
be prominently displayed in high contrast to the background or sharply embossed, and easily
understood (e.g., “EXP 6/08,” “Exp. June 08,” or “Expires 6/08”). [Note—For additional
information and guidance, refer to the Consumer Healthcare Products Association's Voluntary
Codes and Guidelines of the Self-Medication Industry.] 
The monographs for some preparations state how the expiration date that shall appear on the
label shall be determined. In the absence of a specific requirement in the individual monograph
for a drug product or nutritional supplement, the label shall bear an expiration date assigned for
the particular formulation and package of the article, with the following exception: the label
need not show an expiration date in the case of a drug product or nutritional supplement
packaged in a container that is intended for sale without prescription and the labeling of which
states no dosage limitations, and which is stable for not less than 3 years when stored under
the prescribed conditions. 
Where an official article is required to bear an expiration date, such article shall be dispensed
solely in, or from, a container labeled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expiration date identifies the time
during which the article may be expected to meet the requirements of the compendial
monograph, provided it is kept under the prescribed storage conditions. The expiration date
limits the time during which the article may be dispensed or used. Where an expiration date is
stated only in terms of the month and the year, it is a representation that the intended
expiration date is the last day of the stated month. The beyond-use date is the date after
which an article shall not be used. The dispenser shall place on the label of the prescription
container a suitable beyond-use date to limit the patient's use of the article based on any
information supplied by the manufacturer and the General Notices. The beyond-use date placed
on the label shall not be later than the expiration date on the manufacturer's container. 
For articles requiring constitution before use, a suitable beyond-use date for the constituted
product shall be identified in the labeling. 
For all other dosage forms, in determining an appropriate period of time during which a
prescription drug may be retained by a patient after its dispensing, the dispenser shall take into
account, in addition to any other relevant factors, the nature of the drug; the container in
which it was packaged by the manufacturer and the expiration date thereon; the
characteristics of the patient's container, if the article is repackaged for dispensing; the
expected storage conditions to which the article may be exposed; any unusual storage
conditions to which the article may be exposed; and the expected length of time of the course
of therapy. The dispenser shall, on taking into account the foregoing, place on the label of a
multiple-unit container a suitable beyond-use date to limit the patient's use of the article.
Unless otherwise specified in the individual monograph, or in the absence of stability data to
the contrary, such beyond-use date shall be not later than (a) the expiration date on the
manufacturer's container, or (b) 1 year from the date the drug is dispensed, whichever is
earlier. For nonsterile solid and liquid dosage forms that are packaged in single-unit and unit-
dose containers, the beyond-use date shall be 1 year from the date the drug is packaged into
the single-unit or unit-dose container or the expiration date on the manufacturer's container,
whichever is earlier, unless stability data or the manufacturer's labeling indicates otherwise. 
The dispenser shall maintain the facility where the dosage forms are packaged and stored, at a
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temperature such that the mean kinetic temperature is not greater than 25 . The plastic
material used in packaging the dosage forms shall afford better protection than polyvinyl
chloride, which does not provide adequate protection against moisture permeation. Records
shall be kept of the temperature of the facility where the dosage forms are stored, and of the
plastic materials used in packaging.

10.40.100.1. Compounded Preparations 
The label on the container or package of an official compounded preparation shall bear a
beyond-use date. The beyond-use date is the date after which a compounded preparation is
not to be used. Because compounded preparations are intended for administration immediately
or following short-term storage, their beyond-use dates may be assigned based on criteria
different from those applied to assigning expiration dates to manufactured drug products. 
The monograph for an official compounded preparation typically includes a beyond-use
requirement that states the time period following the date of compounding during which the
preparation, properly stored, may be used. In the absence of stability information that is
applicable to a specific drug and preparation, recommendations for maximum beyond-use dates
have been devised for nonsterile compounded drug preparations that are packaged in tight,
light-resistant containers and stored at controlled room temperature unless otherwise indicated
(see Stability Criteria and Beyond-Use Dating under Stability of Compounded Preparations in

the general test chapter Pharmaceutical Compounding—Nonsterile Preparations 795 ).

10.50. Guidelines for Packaging and Storage Statements in USP–NF Monographs

In order to provide users of the USP and NF with proper guidance on how to package and store
official articles, every monograph in the USP and NF shall have a packaging and storage
specification.

For the packaging portion of the statement, the choice of containers is given in this section 10,
Preservation, Packaging, Storage, and Labeling, and includes Light-Resistant Container, Well-
Closed Container, Tight Container, Hermetic Container, Single-Unit Container, Single-Dose
Container, Unit-Dose Container, and Unit-of-Use Container. For most preparations, the choice
is determined by the container in which it shall be dispensed (e.g., tight, well-closed, hermetic,
unit-of-use, etc.). For drug substances, the choice would appear to be tight, well-closed, or,
where needed, a light-resistant container. For excipients, given their typical nature as large-
volume commodity items, with containers ranging from drums to tank cars, a well-closed
container is an appropriate default. Therefore, in the absence of data indicating a need for a
more protective class of container, the phrase “Preserve in well-closed containers” should be
used as a default for excipients.

BRIEFING

5  Inhalation and Nasal Drug Products—General Information and Product Quality
Tests. PF 37(4) [July–Aug. 2011]. This proposed USP general chapter has been revised to
address the comments received. A Stimuli article providing responses to the comments received

on chapter 5  also is included in this PF. This chapter is a companion general chapter to

Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601 . The revised

chapter 601  also appears in this PF, along with new chapters on Propellants 602 , Topical

USP37
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Aerosols 603 , and Leak Rate 604 .

(GCDF: K. Zaidi.)
Correspondence Number—C110169

Comment deadline: March 31, 2013

Add the following:

5  INHALATION AND NASAL DRUG PRODUCTS—GENERAL INFORMATION AND PRODUCT
QUALITY TESTS

Change to read:

I. INTRODUCTION

Inhalation drug products deliver a drug substance into the lungs and include inhalation aerosols,
inhalation powders, and inhalation sprays, as well as inhalation solutions and suspension-related
dosage forms. Nasal drug products deliver drugs into the nasal cavity and include nasal
aerosols, nasal sprays, non-metered nasal solutions, and nasal powder dosage forms.
Inhalation drug products deliver a drug substance into the lungs by oral inhalation and include
inhalation aerosols, inhalation powders, inhalation sprays, inhalation solution, inhalation
suspension, solution for inhalation, and drug for inhalation solution dosage forms. Nasal drug
products deliver drugs into the nasal cavity and include nasal aerosols, nasal sprays,
nonmetered nasal solutions, and nasal powder dosage forms. See Table 1 for established names
and definitions of these dosage forms. USP37 Definitions of these drug product dosage forms,
brief information about their manufacture, and a glossary of dosage form names can be found in

general chapter Pharmaceutical Dosage Forms 1151 . 

Table 1. Established Names and Definitions

Established
Name Definition

Inhalation
Aerosol

A drug product for oral inhalation that is packaged under pressure and delivers
a specified amount of therapeutically active ingredient(s) upon activation of
an accurately metered valve system. Inhalation aerosols are more commonly
known as a metered-dose inhalers or MDIs.

Inhalation
Powder

Drug powder for oral inhalation with the use of a device that delivers and
aerosolizes an accurately metered amount of the therapeutically active
ingredient(s). Inhalation Powders are more commonly known as dry powder
inhalers or DPIs.

Inhalation
Spray

A nonpressurized, accurately metered, liquid drug dosage form for oral
inhalation that is packaged in a container that upon activation delivers fine
droplets of the formulation.

Inhalation
Solution

A drug solution for oral inhalation with the use of a nebulization system or
external nebulizer.

Inhalation
Suspension

A drug suspension for oral inhalation with the use of a nebulization system or
external nebulizer.

Solution for
Inhalation

A drug solution for oral inhalation that must be diluted before it is
administered with the use of a nebulization system or external nebulizer.
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[Drug] for
Inhalation
Solution

A drug powder that, upon the addition of a suitable vehicle, yields a solution
conforming in all respects to an Inhalation Solution.

Nasal Aerosol

A drug product for local application into the nasal passages that is packaged
under pressure and delivers a specified amount of therapeutically active
ingredient(s) upon activation of an accurately metered valve system.

Nasal Spray

A nonpressurized, accurately metered, liquid drug dosage form for local
application into the nasal passages that is packaged in a container that upon
activation delivers droplets of the formulation.

Nasal Solution
A nonpressurized, nonmetered liquid drug dosage form for local application into
the nasal passages.

Nasal Powder

Drug powder for local application into the nasal passages with the use of a
device that delivers and aerosolizes an accurately metered amount of the
therapeutically active ingredient(s).

USP37

Drug Product Quality and Performance Tests Drug Product General Quality Tests and
Performance Quality Tests USP37

A USP drug product monograph contains tests, analytical procedures, and acceptance criteria.
Drug products tests are divided into two categories: (1) those that assess general quality
attributes and (2) those that assess product performance , i.e., in vitro release of the drug
substance from the drug product. Quality tests assess the integrity of the dosage form,
whereas performance tests assess drug release and other attributes that relate to in vivo drug
performance. quality, e.g., delivered dose uniformity and its physical characteristics, such as
aerodynamic particle size distribution. General quality tests assess the integrity of the dosage
form, whereas performance quality tests assess delivery of the drug and other attributes that
may relate to in vivo drug performance. USP37 
Taken together, quality and performance tests ensure the identity, strength, quality, and purity
of inhalation and nasal drug products. 
The next two sections of this chapter list product quality attributes for inhalation drug products
and for nasal drug products, respectively. The final section describes in greater detail the
quality tests for inhalation and nasal drug products. General chapter Aerosols, Nasal Sprays,

Metered-Dose Inhalers, and Dry Powder Inhalers 601  contains product performance tests
for inhalation and nasal drug products Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry

Powder Inhalers 601  contains product performance tests for inhalation and nasal drug

products and should be used in conjunction with chapter 5 . USP37

Change to read:

II. PRODUCT GENERAL USP37 QUALITY TESTS FOR INHALATION DRUG PRODUCTS

Inhalation Aerosol

DESCRIPTION

Aerosol in this context is a dosage form consisting of a liquid or solid preparation packaged
under pressure and intended for administration as a fine mist. The descriptive term aerosol also
refers to the fine mist of small droplets or solid particles that are emitted from the product.
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Inhalation aerosols are characterized by dispersion of the active pharmaceutical ingredient into
the airways during inspiration for either local or systemic effect. Nasal aerosols are
characterized by deposition in the nasal cavity for either local or systemic effect. Inhalation
aerosols, also known as MDIs, are preparations characterized by dispersion of the active
pharmaceutical ingredient into the airways during oral inspiration for either local or systemic
effect, and nasal aerosols, also known as nasal MDIs, are characterized by deposition in the
nasal cavity for either local or systemic effect. USP37 
An aerosol formulation typically contains drug substance(s) dissolved or suspended in a
propellant(s) or a mixture of propellant(s) and co-solvent(s) and possibly other suitable
excipients. An inhalation aerosol drug product, commonly known as a metered-dose inhaler,
delivers a specified amount and quality of therapeutically active ingredient(s) upon activation
of an accurately metered valve system. Product quality tests for inhalation drug products
should reflect critical quality attributes and should General quality tests for inhalation aerosol
drug products should USP37 include the following (see Section IV later in this chapter for more
detailed discussions of each test):

Identification
Assay
Impurities and Degradation Products
Water Content
Foreign Particulate Matter
Leachables
Spray Pattern
Microbial Limit
Alcohol Content (if present)
Net Fill Weight
Leak Rate (stability)

For performance quality tests refer to 601 .
USP37

Inhalation Solution

DESCRIPTION

Inhalation solution drug products typically are water-based and are sterile preparations. They
are intended for delivery to the lungs by nebulization with a specified external nebulizer. Such
drug preparations typically are packaged in single-dose semipermeable containers and also
include protective packaging to minimize ingress of volatile foreign contaminants, loss of
solvent, and exposure to oxygen and light. Nebulization involves continuous generation and
delivery to the patient of a fine mist of aqueous droplets containing a drug solution by means of
ultrasonic energy, Venturi effect, or other appropriate mechanical/electrical means. Additional
product quality tests for inhalation solutions General quality tests for inhalation solutions
should USP37 include the following (see Section IV later in this chapter for more detailed
discussions of each test):

Identification
Assay
Impurities and Degradation Products
Content Uniformity (premetered) USP37

Assay for Antimicrobial USP37 Preservative and Stabilizing Excipients (if present)
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Sterility
Foreign Particulate Matter
pH
Osmolality
Leachables
Net Fill Weight and Weight Loss

Weight Loss

For performance quality tests refer to 1601 .
USP37

Inhalation Suspension

DESCRIPTION

Inhalation suspension drug products typically are water-based and are sterile preparations.
They are intended for delivery to the lungs by nebulization with a specified external nebulizer.
Such drug preparations typically are packaged in single-dose semipermeable containers and also
include protective packaging to minimize ingress of volatile foreign contaminants, loss of
solvent, and exposure to oxygen and light. Nebulization involves continuous generation and
delivery to the patient of a fine mist of aqueous droplets containing the formulation
components by means of ultrasonic energy, Venturi effect, or other appropriate mechanical
means. Additional product quality tests for inhalation suspensions General quality tests for
inhalation suspensions should USP37 include the following (see Section IV later in this chapter
for more detailed discussions of each test):

Particle size distribution of the formulation in the immediate container USP37
For all other general USP37 quality attributes, refer to the previous Inhalation Solution
attributes.

Solution for Inhalation

DESCRIPTION

Solution for inhalation drug products typically are water-based and are sterile preparations.
Upon dilution, in accordance with labeling, including identity and amount of dilution vehicle,
USP37 they are intended for delivery to the lungs by nebulization using an external nebulizer.
Such drug preparations typically are packaged in single-dose semipermeable containers and also
include a protective packaging to minimize ingress of volatile foreign contaminants, loss of
solvent, and exposure to oxygen and light. Nebulization involves continuous generation and
delivery to the patient of a fine mist of aqueous droplets containing the formulation
components by means of ultrasonic energy, Venturi effect, or other appropriate
mechanical/electrical means. Product quality tests for solutions for inhalation General quality
tests for solutions for inhalation should USP37 include the following (see Section IV later in this
chapter for more detailed discussions of each test):

Dilution Compatibility Clarity and color of solution upon dilution in accordance with the
labeling USP37
For all other general USP37 quality attributes, refer to the previous Inhalation Solution
attributes.

Suspension for Inhalation
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Description

Suspension for inhalation drug products are typically water based and are sterile
preparations. Upon dilution, they are intended for delivery to the lungs by nebulization
with a specified external nebulizer. Such drug preparations are typically packaged in
single-dose semipermeable containers and also include protective packaging to minimize
ingress of volatile foreign contaminants, loss of solvent, and exposure to oxygen and
light. Nebulization involves continuous generation and delivery to the patient of a fine
mist of aqueous droplets containing the formulation components with the use of
ultrasonic energy, Venturi effect, or other appropriate mechanical/electrical means.
Additional product quality tests for suspensions for inhalation include the following (see
Section IV below for more detailed discussions of each test):

Dilution Compatibility
For all other quality attributes, refer to the Inhalation Suspension attributes above.

USP37

Drug for Inhalation Solution

DESCRIPTION (POWDER)

Drug for Inhalation Solution is a (specified color) drug powder formulation that upon the
addition of a suitable vehicle, in accordance with labeling, including identity and amount of
dilution vehicle, USP37 yields a solution conforming in all respects to the Inhalation Solution
requirements. Additional product quality tests for drug for inhalation solutions General quality
tests for drug for inhalation solutions should USP37 include the following (see Section IV later in
this chapter for more detailed discussions of each test):

Moisture Content (powder) Water content USP37
Reconstitution Solvent and Time (powder) Clarity, color, and completeness of solution
within specified time, upon reconstitution USP37
For all other general USP37 quality attributes, refer to the previous Inhalation Solution
attributes upon (re)constitution of the drug product.

Inhalation Spray

DESCRIPTION

Inhalation spray drug products typically are water-based liquid formulations packaged in a
compact container–closure system containing an integral spray pump unit that upon activation
delivers an accurately metered amount of fine mist of droplets of the formulation. The droplets
can be generated by various means such as mechanical action, power assistance, or energy
from the patient’s inspiration. The mechanisms by which they generate droplets distinguish the
various types of inhalation sprays. These drug products may be unit-dose or multidose
presentations. Inhalation spray drug products may be designed as premetered or device-
metered presentations. A premetered unit contains a previously measured amount of liquid
formulation in an individual container (e.g., a blister) that is inserted in the device by the
patient before use. A device-metered product contains sufficient amount of liquid formulation
for a prescribed number of doses in a reservoir, and each dose is delivered as an accurately
metered spray by the device throughout the unit’s life. Additional product quality tests for
inhalation sprays General quality tests for inhalation sprays should USP37 include the following
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(see Section IV later in this chapter for more detailed discussions of each test):
Plume Geometry (part of characterization) USP37
For all other general USP37 quality attributes, refer to the previous Inhalation Solution
attributes

For performance quality tests refer to 601 .
USP37

Inhalation Powder

DESCRIPTION

Inhalation powder drug products, commonly known as dry powder inhalers (DPIs), dispense
powders for inhalation with the use of a device that aerosolizes and delivers an accurately
metered amount and consistent quality physical characteristics USP37 of active ingredient(s)
alone or with a suitable excipient(s). Current designs include premetered and device-metered
DPIs, all of which rely on various energy sources to create and disperse the aerosol during
patient inspiration. 
Premetered DPIs contain previously measured amounts of formulation in individual containers
(e.g., capsules or blisters) that are inserted into the device before use. Premetered DPIs also
may contain premetered dose units as ordered multidose assemblies in the delivery system.
Device-metered DPIs have an internal reservoir that contains a sufficient quantity of
formulation for multiple doses that are metered by the device itself during actuation by the
patient. Additional product quality tests for inhalation powders General quality tests for
inhalation powders should USP37 include the following (see Section IV later in this chapter for
more detailed discussions of each test):

Identification
Assay
Impurities and Degradation Products
Content Uniformity (premetered) USP37

Moisture Content (powder) Water Content USP37
Foreign Particulate Matter
Microbial Limit
Net Content (device-metered)
Residual Solvents

Volatile and Semivolatile Leachables

For performance quality tests refer to 601 . USP37

Change to read:

III. PRODUCT GENERAL USP37 QUALITY TESTS FOR NASAL DRUG PRODUCTS

Nasal Aerosol

Refer to the previous Inhalation Aerosol attributes.

Nasal Spray

DESCRIPTION
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Nasal spray drug products typically are water-based liquid formulations applied to the nasal
cavity for local and/or systemic effects. They contain therapeutically active ingredient(s)
dissolved or suspended in solution or mixtures of excipients in a nonpressurized compact
container–closure system. The container–closure system includes an integral spray pump unit
that upon activation delivers a spray containing an accurately metered amount of fine mist of
droplets of the formulation. Dispersion of the formulation as a spray typically is accomplished by
forcing the formulation through the nasal actuator and its orifice. Often, such drug products
are multidose device-metered (see Inhalation Spray) presentations in which the dose is
metered by the spray pump. Nasal spray drug products also may be designed as premetered
presentations. Additional product quality tests for nasal sprays General quality tests for nasal
sprays should USP37 include the following (see Section IV later in this chapter for more detailed
discussions of each test):

Identification
Assay
Impurities and Degradation Products
Assay for Preservative and Stabilizing Excipients (if present)
Content Uniformity (premetered) USP37

Particle Size Distribution (for suspensions)
Foreign Particulate Matter
Spray Pattern
Microbial Limit
Leachables
Net Fill Weight
pH
Osmolality
Viscosity
Sterility (premetered)

For performance quality tests refer to 601 . USP37

Nasal Powder

Refer to the previous Inhalation Powder quality attributes.

Non-metered USP37 Nasal Solution

DESCRIPTION

Non-metered nasal solution drug products are typically water-based liquid formulations applied
to the nasal cavity for local effect. They may contain drug substance(s) dissolved or
suspended Nasal solutions are nonmetered drug products that typically are water-based liquid
formulations applied to the nasal cavity for local effect. They may contain drug substance(s)
dissolved USP37 in solution or mixtures of excipients in a nonpressurized compact container–
closure system. The container–closure system includes a delivery system that administers
nonmetered amounts of drops or a fine mist of droplets of the formulation. Typically, such drug
products are multidose presentations. Additional product quality tests for nonmetered nasal
solution drug products General quality tests for nasal solution drug products should USP37
include the following (see Section IV later in this chapter for more detailed discussions of each
test):
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Identification
Assay
Impurities and Degradation Products
Assay for Preservative and Stabilizing Excipients (if present)
Foreign Particulate Matter
Microbial Limit
Leachables
Net Fill Weight
pH
Osmolality
Viscosity.

Change to read:

IV. DESCRIPTION OF PRODUCT QUALITY TESTS

Product quality tests are listed as follows, and should be applied to inhalation and nasal drug
products and to products for nebulization. USP37 Specific product general USP37 quality
tests are addressed in product monographs.

Description

See previous corresponding dosage forms and the respective labels for the monograph of a
drug product. USP37

Alcohol Content (if present)

If alcohol is used in a drug product formulation, a specific assay with appropriate acceptance
criteria should be included.

Assay (strength and content uniformity)

The USP Assay test of a drug substance in the drug product container is determined by means
of a validated stability-indicating procedure following general chapter Validation of Compendial

Methods 1225 . The Assay test should measure available drug substance and stability issues
such as its stability, including USP37 adherence of the drug substance to the container and
closure components. Appropriate acceptance criteria can provide added assurance of
manufacturing reproducibility and may ensure better conformance in other performance
attributes (e.g., delivered dose uniformity). 
If a drug product contains a single enantiomer of a chiral drug substance, analysts can use a
chiral assay or a combination of an achiral assay and a validated procedure to control the
presence of the nontherapeutic undesired enantiomer as an impurity. If racemization has been
demonstrated to be insignificant during drug product manufacture and storage, then an achiral
assay may be justified. USP37

Assay for Preservative and Stabilizing Excipients (if present)

The assay of any preservative (e.g., an antimicrobial) USP37 or stabilizing excipient (e.g., an

PF 39(1): Jan.-Feb. 2013 92



antioxidant, an agent specifically added to minimize or prevent degradation) USP37 in a
multidose container should be determined analytically, typically with a validated stability-
indicating procedure following ICH Q2(R1). The corresponding acceptance criteria normally are
based on appropriate preservative effectiveness demonstrated by a microbial challenge test.

Content uniformity for premetered dosage forms: See chapter 905 . USP37

DILUTION COMPATIBILITY CLARITY AND COLOR OF SOLUTION UPON DILUTION USP37

Solution for inhalation and suspension for inhalation dosage forms must be diluted before
administration by nebulization. Hence, appropriate compatibility studies must be undertaken to
fully assess the type and amount of the solvent(s) that can be used with the specific solution
for the inhalation drug product. The compatibility studies also should include appropriate
physical and chemical stability studies, as well as studies of performance characteristics. drug
for inhalation solution dosage forms must be diluted and reconstituted in accordance with
labeling before administration by nebulization. The type and amount of the vehicle used for
dilution and reconstitution must be specified on the labeling. Appropriate studies must be
undertaken to fully assess the clarity and color of the solution upon dilution and reconstitution.
The studies also should include appropriate physical and chemical stability studies, as well as
studies of performance characteristics. USP37

Foreign Particulate Matter

Foreign particulate matter in these drug products should be adequately controlled. Particulate
matter in these drug products may originate during manufacturing and from formulation and
container–closure components. For toxicological assessment, the type, origin, amount, and size
of foreign particulates, including fine particulates (e.g., less than 10 µm) should be determined
throughout the stability storage period. Particulate matter in the drug product may increase
with time, temperature, and stress. USP37

Identification

A specific identification test or tests are used to verify the identity of the drug substance in
the drug product. If a nonspecific method is used for identification, then it should be combined
with a second independent and complementary method. Moreover, if the drug substance is a
salt, an appropriate identification test also should be included for the counterion.

Impurities and Degradation Products

Appropriately USP37 Validated stability-indicating analytical procedure(s) following general

chapter 1225  should be used to determine the levels of impurities and degradation products
in a drug product. Typically, the acceptance criteria are set for individual, total unspecified,
and total impurities and degradation products following ICH Q3B(R2). For reporting,
identification, and qualification thresholds and other relevant information, follow ICH Q3B(R2)
current ICH Q3B guidance. USP37

Leachables
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Inhalation and nasal drug products should be evaluated for compounds that may leach from
elastomeric and plastic components and from coatings of components of USP37 the
container–closure system into in direct contact with USP37 the formulation. Additionally, the
drug product inadvertently may contain other residual contaminants from manufacturing and
processing. Leachables may include polynuclear aromatics, nitrosamines, monomers,
plasticizers, accelerators, antioxidants, and vulcanizing agents. Processing contaminants may
include surface-treatment or processing agents that may dissolve, chemically associate,
USP37 or become suspended in the formulation. 
Thus, throughout the expiration-dating period the drug product should be evaluated for
compounds that can migrate into the formulation from a variety of sources. The type of
testing that should be performed depends on whether the formulation is a powder or a liquid
and the composition of the container–closure system; e.g., a drug product packaged in a
semipermeable container should be evaluated for ingress of volatile leachables. USP37
Appropriate specifications using validated analytical procedures should be applied to identify,
monitor, and quantify the compounds in the drug product with appropriate minimum levels of
quantification. Corresponding acceptance criteria should be established and justified from
toxicological and safety perspectives.

Leak Rate (stability) USP37

Leak rate studies of inhalation and nasal aerosol drug products can be used during drug product
development and characterization to support the selection of appropriate container–closure
components (e.g., valve and canister) and drug product manufacturing parameters, including
the crimping process. The specifications for the USP Leak Rate testing in the stability USP37
studies can include multiple units from each batch based on weight difference determination

with time at a specified temperature. See Leak Rate 604  for additional information. USP37

Microbial Limits

The microbial quality of dosage forms where indicated under Product Quality Tests for
Inhalation Drug Products and Product Quality Tests for Nasal Drug Products normally are
controlled by appropriate validated test(s) and acceptance criteria for total aerobic count,
total yeasts and molds count, and freedom from designated indicator pathogens. Acceptance
criteria can be expressed on a per-container basis. Refer to Microbiological Examination of

Nonsterile Products: Microbial Enumeration Tests 61  and proposed Alternative

Microbiological Sampling Methods for Nonsterile Inhaled and Nasal Products 610  for
additional information. 
Moisture Content (powder)

Appropriate specification for residual water content of dosage forms where indicated in Product
Quality Tests for Inhalation Drug Products and Product Quality Tests for Nasal Drug Products
should be established to ensure the drug product's continued stability and acceptable
performance of the drug product. alidated analytical procedures should be used as described in

Water Determination 921

USP37

Net Fill Weight and Weight Loss USP37
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The total net weight of the formulation in the container should be assessed and controlled with
a test and acceptance criteria. Additionally, drug products packaged in semipermeable
containers should be evaluated for weight loss to assess the moisture-loss protective
properties of the overall container–closure system. USP37

Osmolality

To control the tonicity of the formulation of dosage forms where indicated under Product
Quality Tests for Inhalation Drug Products, the product should be tested for osmolality with

appropriate specifications as described in Osmolality and Osmolarity 785 .

pH

Appropriate specification for the pH of the formulation of dosage forms where indicated under
Product Quality Tests for Inhalation and Nasal USP37 Drug Products and Product Quality

Tests for Nasal Drug Products should be established as described in pH 791 .

Particle Size Distribution

For inhalation suspension suspension for inhalation, USP37 and suspension nasal spray drug
products appropriate method(s) and corresponding acceptance criteria can be used for the
determination of the particle size distribution of the drug substance particles. (See Light

Diffraction Measurement of Particle Size 429  for particle size measurement.) USP37

Plume Geometry (part of characterization) USP37

Because various factors can affect the plume characteristics of the spray of an inhalation
aerosol, inhalation spray, nasal aerosol, or nasal spray drug product, its full characterization is
important for assessing the performance of the delivery system. Plume geometry can be
determined by a variety of procedures using appropriately validated methods. Plume geometry
also can be controlled by appropriate acceptance criteria that measure spray pattern
characteristics, including shape and size of the evolving spray plume under defined experimental
and instrumental test conditions.

Reconstitution Solvent USP37 and Time (powder)

Drug for inhalation solution dosage forms must be (re)constituted before administration with the
use of a specified nebulization system. Hence, appropriate compatibility studies should be
undertaken to fully assess the type and amount of the solvent(s), as well as (re)constitution
time for preparation of the final solution for patient administration. The compatibility studies
also should include appropriate physical and chemical stability studies, as well as performance
characterization studies.

Residual Solvent USP37

Suitable and validated tests should be used to determine the levels of solvent in the drug
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product. Refer to Residual Solvents 467  for additional information. USP37

Spray Pattern

Because various factors can affect the spray pattern of an inhalation aerosol, nasal aerosol, or
nasal spray drug product, full spray pattern characterization is important for assessing the
performance of the specific valve and the actuator or the pump. The spray pattern can be
determined using appropriately validated methods and corresponding acceptance criteria that
measure the shape, density, and size of the pattern. The test procedure for spray patterns
normally is specific to the drug product and may include, among others, the distance between
the mouthpiece and the collection surface, minimum number of actuations per spray pattern to
enable discrimination, orientation of the collection surface relative to the mouthpiece, and
visualization procedure(s).

Sterility

All inhalation water-based dosage forms are sterile preparations and should meet the

requirements of Sterility Tests 71 .

Viscosity

A test for viscosity with appropriate acceptance criteria should be included for dosage forms
where indicated under Product Quality Tests for Inhalation Drug Products and Product Quality

Tests for Nasal Drug Products as appropriate (see Newtonian Viscosity 911 ).

Water Content USP37

Appropriate specification for residual water content of dosage forms where indicated in
Product Quality Tests for Inhalation Drug Products and Product Quality Tests for Nasal Drug
Products should be established to ensure the drug product's continued stability and acceptable
performance of the drug product. Validated analytical procedures should be used as described

in Water Determination 921 . Proceed as directed under 921  with the following
modification: provide the closed-system titrating vessel with an opening through which passes
a coarse-porosity gas dispersion tube connected to a sampling cylinder. USP37

Weight Loss USP37

Drug products should be evaluated for weight loss, e.g., drug products packaged in
semipermeable containers, to assess the moisture-loss protective properties of the overall
container–closure system. USP37 USP37

BRIEFING

202  Identification of Fixed Oils by Thin-layer Chromatography. On the basis of
comments and data received, the General Chapters—Chemical Analysis and the Excipients
Expert Committees propose a new chapter for an orthogonal test to determine the identity of
fixed oils. The procedure is harmonized with European Pharmacopoeia general chapter 2.3.2.

USP37
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Identification of Fatty Oils by Thin-Layer Chromatography.

Interested parties are encouraged to submit comments.

(GCCA, EXC: H. Wang.)
Correspondence Number—C116005

Comment deadline: March 31, 2013

Add the following:

202  Identification of Fixed Oils by Thin-layer Chromatography

The following procedure for the USP Identification test is used to identify fixed oils using high-
performance thin-layer chromatography (HPTLC) and a suitable octadecylsilyl silica gel as the
coating substance.

IDENTIFICATION

Mobile phase 1: Ethyl ether

Mobile phase 2: Methylene chloride, glacial acetic acid, and acetone (20:40:50)

Standard solution: Dissolve about 20 mg (1 drop) of USP Fixed Oil RS in 3 mL of methylene
chloride.

Sample solution: Dissolve about 20 mg (1 drop) of a fixed oil sample in 3 mL of methylene
chloride.

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography).

Mode: HPTLC

Plate: 10 cm × 20 cm, silica gel RP-18, 0.15–0.2 mm of layer, 4–8 µm particle size1

Application volume: 1 µL

Spray reagent: 100 mg/mL of phosphomolybdic acid in 96% alcohol

Analysis

Samples: Standard solution and Sample solution

Apply the Samples in different bands to the previously marked starting point on a TLC plate,
and develop the plate in the following order:

1. Develop two times over a path of 0.5 cm using Mobile phase 1. Ensure that the spots
are at least 3 mm above the surface of the mobile phase. Remove the plate from the
chamber after each run, and allow the plate to dry in air.

2. Develop two times over a path of 8 cm using Mobile phase 2. Allow the plate to dry
about 5 min after each development and before spraying with a spray reagent.

Spray the plate with the Spray reagent. 
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Heat the plate at 120  for about 1 min, and examine in daylight.

Acceptance criteria: The RF values of the principal spots of the Sample solution correspond to
those of the Standard solution.

USP REFERENCE STANDARDS 11  
USP Almond Oil RS 
USP Canola Oil RS 
USP Corn Oil RS 
USP Cottonseed Oil RS 
USP Olive Oil RS 
USP Palm Oil RS 
USP Peanut Oil RS 
USP Safflower Oil RS 
USP Sesame Oil RS 
USP Soybean Oil RS 
USP Sunflower Oil RS

1  HPTLC  Silica Gel RP-18 plate from Merck EMD, or equivalent. 

BRIEFING

231  Heavy Metals, USP 36 page 150. As part of USP's efforts to improve and harmonize
monographs and general chapters, the Council of Experts Executive Committee proposes to

omit Heavy Metals 231  and all references to this general chapter from USP–NF monographs

and other general chapters. USP is replacing 231  with two new general chapters on

elemental impurities (Elemental Impurities—Limits 232  and Elemental Impurities—

Procedures 233 ), which have been finalized and published in the Second Supplement to USP

35–NF 30. General chapters 232  and 233  will be implemented through a proposed
provision in the General Notices, making them applicable to all articles in the compendium as

was done with Residual Solvents 467  in Section 5.60.20 of the General Notices. The General

Notices provision making 232  and 233  applicable to all USP–NF articles will be part of a
proposed General Notices revision that will also be appearing for comment in this Pharmacopeial
Forum. If, after review of the comments received, the Council of Experts Executive Committee
(which also is responsible for General Notices) approves the General Notices provision, it will be
published in USP 37–NF 32 with an official date of May 1, 2014. The implementation approach

for general chapters 232  and 233  will include removal of all references to 231  from
monographs and general chapters in the USP–NF. This is also scheduled to occur in USP 37–NF

32 with an official date of of May 1, 2014, simultaneously with the implementation of 232

and 233  through the new General Notices provision.

(GCCA: K. Zaidi.)
Correspondence Number—C125687

Comment deadline: March 31, 2013

USP37
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Delete the following:

231  HEAVY METALS

This test is provided to demonstrate that the content of metallic impurities that are colored by
sulfide ion, under the specified test conditions, does not exceed the Heavy metals limit
specified in the individual monograph in percentage (by weight) of lead in the test substance,
as determined by concomitant visual comparison (see Visual Comparison in the section

Procedure under Spectrophotometry and Light-Scattering 851 ) with a control prepared from
a Standard Lead Solution. [Note—Substances that typically will respond to this test are lead,
mercury, bismuth, arsenic, antimony, tin, cadmium, silver, copper, and molybdenum.] 
Determine the amount of heavy metals by Method I, unless otherwise specified in the individual
monograph. Method I is used for substances that yield clear, colorless preparations under the
specified test conditions. Method II is used for substances that do not yield clear, colorless
preparations under the test conditions specified for Method I, or for substances that, by virtue
of their complex nature, interfere with the precipitation of metals by sulfide ion, or for fixed and
volatile oils. Method III, a wet-digestion method, is used only in those cases where neither
Method I nor Method II can be used.

Special Reagents

Lead Nitrate Stock Solution—Dissolve 159.8 mg of lead nitrate in 100 mL of water to which
has been added 1 mL of nitric acid, then dilute with water to 1000 mL. Prepare and store this
solution in glass containers free from soluble lead salts.

Standard Lead Solution—On the day of use, dilute 10.0 mL of Lead Nitrate Stock Solution
with water to 100.0 mL. Each mL of Standard Lead Solution contains the equivalent of 10 µg of
lead. A comparison solution prepared on the basis of 100 µL of Standard Lead Solution per g of
substance being tested contains the equivalent of 1 part of lead per million parts of substance
being tested.

METHOD I

pH 3.5 Acetate Buffer—Dissolve 25.0 g of ammonium acetate in 25 mL of water, and add 38.0
mL of 6 N hydrochloric acid. Adjust, if necessary, with 6 N ammonium hydroxide or 6 N
hydrochloric acid to a pH of 3.5, dilute with water to 100 mL, and mix.

Standard Preparation—Into a 50-mL color-comparison tube pipet 2 mL of Standard Lead
Solution (20 µg of Pb), and dilute with water to 25 mL. Using a pH meter or short-range pH
indicator paper as external indicator, adjust with 1 N acetic acid or 6 N ammonium hydroxide to
a pH between 3.0 and 4.0, dilute with water to 40 mL, and mix.

Test Preparation—Into a 50-mL color-comparison tube place 25 mL of the solution prepared
for the test as directed in the individual monograph; or, using the designated volume of acid
where specified in the individual monograph, dissolve in and dilute with water to 25 mL the
quantity, in g, of the substance to be tested, as calculated by the formula:

2.0/(1000L)

in which L is the Heavy metals limit, as a percentage. Using a pH meter or short-range pH
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indicator paper as external indicator, adjust with 1 N acetic acid or 6 N ammonium hydroxide to
a pH between 3.0 and 4.0, dilute with water to 40 mL, and mix.

Monitor Preparation—Into a third 50-mL color-comparison tube place 25 mL of a solution
prepared as directed for Test Preparation, and add 2.0 mL of Standard Lead Solution. Using a
pH meter or short-range pH indicator paper as external indicator, adjust with 1 N acetic acid or
6 N ammonium hydroxide to a pH between 3.0 and 4.0, dilute with water to 40 mL, and mix.

Procedure—To each of the three tubes containing the Standard Preparation, the Test
Preparation, and the Monitor Preparation, add 2 mL of pH 3.5 Acetate Buffer, then add 1.2 mL
of thioacetamide–glycerin base TS, dilute with water to 50 mL, mix, allow to stand for 2
minutes, and view downward over a white surface*: the color of the solution from the Test
Preparation is not darker than that of the solution from the Standard Preparation, and the color
of the solution from the Monitor Preparation is equal to or darker than that of the solution from
the Standard Preparation. [Note—If the color of the Monitor Preparation is lighter than that of
the Standard Preparation, use Method II instead of Method I for the substance being tested.]

METHOD II

Note—This method does not recover mercury.

pH 3.5 Acetate Buffer—Prepare as directed under Method I.

Standard Preparation—Prepare as directed under Method I.

Test Preparation—Use a quantity, in g, of the substance to be tested as calculated by the
formula:

2.0/(1000L)

in which L is the Heavy metals limit, in percentage. Transfer the weighed quantity of the
substance to a suitable crucible, add sufficient sulfuric acid to wet the substance, and
carefully ignite at a low temperature until thoroughly charred. (The crucible may be loosely
covered with a suitable lid during the charring.) Add to the carbonized mass 2 mL of nitric acid
and 5 drops of sulfuric acid, and heat cautiously until white fumes no longer are evolved.

Ignite, preferably in a muffle furnace, at 500  to 600 , until the carbon is completely burned
off. Cool, add 4 mL of 6 N hydrochloric acid, cover, digest on a steam bath for 15 minutes,
uncover, and slowly evaporate on a steam bath to dryness. Moisten the residue with 1 drop of
hydrochloric acid, add 10 mL of hot water, and digest for 2 minutes. Add 6 N ammonium
hydroxide dropwise until the solution is just alkaline to litmus paper, dilute with water to 25 mL,
and adjust with 1 N acetic acid to a pH between 3.0 and 4.0, using short-range pH indicator
paper as an external indicator. Filter if necessary, rinse the crucible and the filter with 10 mL of
water, combine the filtrate and rinsing in a 50-mL color-comparison tube, dilute with water to
40 mL, and mix.

Procedure—To each of the tubes containing the Standard Preparation and the Test
Preparation, add 2 mL of pH 3.5 Acetate Buffer, then add 1.2 mL of thioacetamide–glycerin
base TS, dilute with water to 50 mL, mix, allow to stand for 2 minutes, and view downward
over a white surface*: the color of the solution from the Test Preparation is not darker than
that of the solution from the Standard Preparation.
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METHOD III

pH 3.5 Acetate Buffer—Prepare as directed under Method I.

Standard Preparation—Transfer a mixture of 8 mL of sulfuric acid and 10 mL of nitric acid to a
clean, dry, 100-mL Kjeldahl flask, and add a further volume of nitric acid equal to the
incremental volume of nitric acid added to the Test Preparation. Heat the solution to the
production of dense, white fumes; cool; cautiously add 10 mL of water; and, if hydrogen
peroxide was used in treating the Test Preparation, add a volume of 30 percent hydrogen
peroxide equal to that used for the substance being tested. Boil gently to the production of
dense, white fumes. Again cool, cautiously add 5 mL of water, mix, and boil gently to the
production of dense, white fumes and to a volume of 2 to 3 mL. Cool, dilute cautiously with a
few mL of water, add 2.0 mL of Standard Lead Solution (20 µg of Pb), and mix. Transfer to a
50-mL color-comparison tube, rinse the flask with water, adding the rinsing to the tube until
the volume is 25 mL, and mix.

Test Preparation—Unless otherwise indicated in the individual monograph, use a quantity, in g,
of the substance to be tested as calculated by the formula:

2.0/(1000L)

in which L is the Heavy metals limit, as a percentage.

If the substance is a solid—Transfer the weighed quantity of the test substance to a clean,
dry, 100-mL Kjeldahl flask. [Note—A 300-mL flask may be used if the reaction foams

excessively.] Clamp the flask at an angle of 45 , and add a sufficient quantity of a mixture of 8
mL of sulfuric acid and 10 mL of nitric acid to moisten the substance thoroughly. Warm gently
until the reaction commences, allow the reaction to subside, and add portions of the same acid
mixture, heating after each addition, until a total of 18 mL of the acid mixture has been added.
Increase the amount of heat, and boil gently until the solution darkens. Cool, add 2 mL of nitric
acid, and heat again until the solution darkens. Continue the heating, followed by addition of
nitric acid until no further darkening occurs, then heat strongly to the production of dense,
white fumes. Cool, cautiously add 5 mL of water, boil gently to the production of dense, white
fumes, and continue heating until the volume is reduced to a few mL. Cool, cautiously add 5 mL
of water, and examine the color of the solution. If the color is yellow, cautiously add 1 mL of 30
percent hydrogen peroxide, and again evaporate to the production of dense, white fumes and a
volume of 2 to 3 mL. If the solution is still yellow, repeat the addition of 5 mL of water and the
peroxide treatment. Cool, dilute cautiously with a few mL of water, and rinse into a 50-mL
color-comparison tube, taking care that the combined volume does not exceed 25 mL.

If the substance is a liquid—Transfer the weighed quantity of the test substance to a clean,
dry, 100-mL Kjeldahl flask. [Note—A 300-mL flask may be used if the reaction foams

excessively.] Clamp the flask at an angle of 45 , and cautiously add a few mL of a mixture of 8
mL of sulfuric acid and 10 mL of nitric acid. Warm gently until the reaction commences, allow
the reaction to subside, and proceed as directed for If the substance is a solid, beginning with
“add portions of the same acid mixture.”

Monitor Preparation—Proceed with the digestion, using the same amount of sample and the
same procedure as directed in the subsection If the substance is a solid in the section Test
Preparation, until the step “Cool, dilute cautiously with a few mL of water.” Add 2.0 mL of Lead
Standard Solution (20 µg of lead), and mix. Transfer to a 50-mL color comparison tube, rinse
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the flask with water, adding the rinsing to the tube until the volume is 25 mL, and mix.

Procedure—Treat the Test Preparation, the Standard Preparation, and the Monitor
Preparation as follows. Using a pH meter or short-range pH indicator paper as external
indicator, adjust the solution to a pH between 3.0 and 4.0 with ammonium hydroxide (a dilute
ammonia solution may be used, if desired, as the specified range is approached), dilute with
water to 40 mL, and mix. 
To each tube add 2 mL of pH 3.5 Acetate Buffer, then add 1.2 mL of thioacetamide–glycerin
base TS, dilute with water to 50 mL, mix, allow to stand for 2 minutes, and view downward
over a white surface*: the color of the Test Preparation is not darker than that of the
Standard Preparation, and the color of the Monitor Preparation is equal to or darker than that
of the Standard Preparation.

*  In those countries or jurisdictions where thioacetamide cannot be used, add 10 mL of freshly prepared
hydrogen sulfide TS to each of the tubes, mix, allow to stand for 5 minutes, and view downward over a white
surface.

BRIEFING

601  Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers, USP
35 page 232 and PF 37(4) [July–Aug. 2011]. This chapter has been revised to address the
comments received and includes a proposal to revise the title of this chapter for clarity. Also
included in this PF are the following documents:

Three new chapters, Propellants 602 , Topical Aerosols 603 , and Leak Rate 604

, have been proposed to accommodate the content that has been removed from

chapter 601 . 
There is a revision to the proposed new chapter Inhalation and Nasal Drug Products—

General Information and Product Quality Tests 5  based on the comments received. 
A Stimuli article is proposed to provide responses to the comments received on the PF

37(4) proposed revision to chapters 5  and 601  and to outline the changes

proposed in this revision of chapter 601 .

(GCDF: K. Zaidi.)
Correspondence Number—C110170

Comment deadline: March 31, 2013

601  AEROSOLS, NASAL SPRAYS, METERED-DOSE INHALERS, AND DRY POWDER
INHALERS PRODUCT PERFORMANCE TESTS—NASAL AND INHALATION AEROSOLS, SPRAYS,

AND POWDERS
INHALATION AND NASAL DRUG PRODUCTS: AEROSOLS, SPRAYS, AND POWDERS—

PERFORMANCE QUALITY TESTS

Change to read:

This general chapter contains test methods for propellants, pressurized topical aerosols, nasal
sprays, metered-dose inhalers, and propellant-free dry powder inhalers used to aerosolize, or to
aerosolize and meter, doses of powders for inhalation. Apply these methods, where indicated, in

USP37

USP37
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the testing of the appropriate dosage forms.

PROPELLANTS

[Caution—Hydrocarbon propellants are highly flammable and explosive. Observe precautions
and perform sampling and analytical operations in a well-ventilated fume hood.]

General Sampling Procedure

This procedure is used to obtain test specimens for those propellants that occur as gases at

about 25  and that are stored in pressurized cylinders. Use a stainless steel sample cylinder
equipped with a stainless steel valve and having a capacity of not less than 200 mL and a

pressure rating of 240 psi or more. Dry the cylinder with the valve open at 110  for 2 hours,
and evacuate the hot cylinder to less than 1 mm of mercury. Close the valve, cool, and weigh.
Connect one end of a charging line tightly to the propellant container and the other end loosely
to the sample cylinder. Carefully open the propellant container, and allow the propellant to flush
out the charging line through the loose connection. Avoid excessive flushing, which causes
moisture to freeze in the charging line and connections. Tighten the fitting on the sample
cylinder, and open the sample cylinder valve, allowing the propellant to flow into the evacuated
cylinder. Continue sampling until the desired amount of specimen is obtained, then close the
propellant container valve, and finally close the sample cylinder valve. [Caution—Do not
overload the sample cylinder; hydraulic expansion due to temperature change can cause
overloaded cylinders to explode.] Again weigh the charged sample cylinder, and calculate the
weight of the specimen.

Approximate Boiling Temperature

Transfer a 100-mL specimen to a tared, pear-shaped, 100-mL centrifuge tube containing a few
boiling stones, and weigh. Suspend a thermometer in the liquid, and place the tube in a medium

maintained at a temperature of 32  above the expected boiling temperature. When the
thermometer reading becomes constant, record as the boiling temperature the thermometer
reading after at least 5% of the specimen has distilled. Retain the remainder of the specimen
for the determination of High-Boiling Residues.

High-Boiling Residues, Method I

Allow 85 mL of the specimen to distill as directed in the test for Approximate Boiling
Temperature, and transfer the centrifuge tube containing the remaining 15 mL of specimen to

a medium maintained at a temperature 10  above the boiling temperature. After 30 minutes,
remove the tube from the water bath, blot dry, and weigh. Calculate the weight of the residue.

High-Boiling Residues, Method II

Prepare a cooling coil from copper tubing (about 6 mm outside diameter × about 6.1 m long) to
fit into a vacuum-jacketed flask. Immerse the cooling coil in a mixture of dry ice and acetone in
a vacuum-jacketed flask, and connect one end of the tubing to the propellant sample cylinder.
Carefully open the sample cylinder valve, flush the cooling coil with about 50 mL of the
propellant, and discard this portion of liquefied propellant. Continue delivering liquefied
propellant from the cooling coil, and collect it in a previously chilled 1000-mL sedimentation
cone until the cone is filled to the 1000-mL mark. Allow the propellant to evaporate, using a

PF 39(1): Jan.-Feb. 2013 103



warm water bath maintained at about 40  to reduce evaporating time. When all of the liquid
has evaporated, rinse the sedimentation cone with two 50-mL portions of pentane, and
combine the rinsings in a tared 150-mL evaporating dish. Transfer 100 mL of the pentane
solvent to a second tared 150-mL evaporating dish, place both evaporating dishes on a water

bath, evaporate to dryness, and heat the dishes in an oven at 100  for 60 minutes. Cool the
dishes in a desiccator, and weigh. Repeat the heating for 15-minute periods until successive
weighings are within 0.1 mg, and calculate the weight of the residue obtained from the
propellant as the difference between the weights of the residues in the two evaporating dishes.

Water Content

Proceed as directed under Water Determination 921 , with the following modifications: (a)
Provide the closed-system titrating vessel with an opening through which passes a coarse-
porosity gas dispersion tube connected to a sampling cylinder. (b) Dilute the Reagent with
anhydrous methanol to give a water equivalence factor of between 0.2 and 1.0 mg per mL; age
this diluted solution for not less than 16 hours before standardization. (c) Obtain a 100-g
specimen as directed under General Sampling Procedure, and introduce the specimen into the
titration vessel through the gas dispersion tube at a rate of about 100 mL of gas per minute; if
necessary, heat the sample cylinder gently to maintain this flow rate.

Other Determinations

For those aerosols that use propellants, perform the tests specified in the individual NF
propellant monographs.

AEROSOLS

Because leaching of extractable substances into pressurized formulations should be minimized,
valve materials and other components that are in contact with the product meet the

requirements under Elastomeric Closures for Injections 381  (Note that under

Physicochemical Test Procedures in 381  the directions for preparing a sample require pre-
extraction, which may cause an underestimate of the amount of extractables from a given

component.) See also Aerosols under Pharmaceutical Dosage Forms 1151 .

TOPICAL AEROSOLS

The following tests are applicable to topical aerosols containing drug, in suspension or solution,
packaged under pressure, and released upon activation of an appropriate valve system.

Delivery Rate and Delivered Amount

Perform these tests only on containers fitted with continuous valves.

Delivery Rate—Select not fewer than four aerosol containers, shake, if the label includes this
directive, remove the caps and covers, and actuate each valve for 2 to 3 seconds. Weigh each
container accurately, and immerse in a constant-temperature bath until the internal pressure is
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equilibrated at a temperature of 25  as determined by constancy of internal pressure, as
directed under the Pressure Test below. Remove the containers from the bath, remove excess
moisture by blotting with a paper towel, shake, if the label includes this directive, actuate each
valve for 5.0 seconds (accurately timed by use of a stopwatch), and weigh each container
again. Return the containers to the constant-temperature bath, and repeat the foregoing
procedure three times for each container. Calculate the average Delivery Rate, in g per second,
for each container.

Delivered Amount—Return the containers to the constant-temperature bath, continuing to
deliver 5 second actuations to waste, until each container is exhausted. [Note—Ensure that
sufficient time is allowed between each actuation to avoid significant canister cooling. ]
Calculate the total weight loss from each container. This is the Delivered Amount.

Pressure Test

Perform this test only on topical aerosols fitted with continuous valves. 
Select not fewer than four aerosol containers, remove the caps and covers, and immerse in a

constant-temperature bath until the internal pressure is constant at a temperature of 25 .
Remove the containers from the bath, shake, and remove the actuator and water, if any, from
the valve stem. Place each container in an upright position, and determine the pressure in each
container by placing a calibrated pressure gauge on the valve stem, holding firmly, and
actuating the valve so that it is fully open. The gauge is of a calibration approximating the
expected pressure and is fitted with an adapter appropriate for the particular valve stem
dimensions. Read the pressure directly from the gauge.

Minimum Fill

Topical aerosols meet the requirements for aerosols under Minimum Fill 755 .

Leakage Test

Perform this test only on topical aerosols fitted with continuous valves. 
Select 12 aerosol containers, and record the date and time to the nearest half hour. Weigh
each container to the nearest mg, and record the weight, in mg, of each as W1. Allow the

containers to stand in an upright position at a temperature of 25.0 ± 2.0  for not less than 3
days, and again weigh each container, recording the weight, in mg, of each as W2, and
recording the date and time to the nearest half hour. Determine the time, T, in hours, during
which the containers were under test. Calculate the leakage rate, in mg per year, of each
container taken by the formula:

(365)(24/T)(W1  W2).

Where plastic-coated glass aerosol containers are tested, dry the containers in a desiccator for
12 to 18 hours, and allow them to stand in a constant-humidity environment for 24 hours prior
to determining the initial weight as indicated above. Conduct the test under the same
constant-humidity conditions. Empty the contents of each container tested by employing any
safe technique (e.g., chill to reduce the internal pressure, remove the valve, and pour).
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Remove any residual contents by rinsing with suitable solvents, then rinse with a few portions
of methanol. Retain as a unit the container, the valve, and all associated parts, and heat them

at 100  for 5 minutes. Cool, weigh, record the weight as W3, and determine the net fill weight

(W1  W3) for each container tested. [Note—If the average net fill weight has been

determined previously, that value may be used in place of the value (W1  W3) above. ] The
requirements are met if the average leakage rate per year for the 12 containers is not more
than 3.5% of the net fill weight, and none of the containers leaks more than 5.0% of the net fill
weight per year. If 1 container leaks more than 5.0% per year, and if none of the containers
leaks more than 7.0% per year, determine the leakage rate of an additional 24 containers as
directed herein. Not more than 2 of the 36 containers leak more than 5.0% of the net fill weight
per year, and none of the 36 containers leaks more than 7.0% of the net fill weight per year.
Where the net fill weight is less than 15 g and the label bears an expiration date, the
requirements are met if the average leakage rate of the 12 containers is not more than 525 mg
per year and none of the containers leaks more than 750 mg per year. If 1 container leaks more
than 750 mg per year, but not more than 1.1 g per year, determine the leakage rate of an
additional 24 containers as directed herein. Not more than 2 of the 36 containers leak more
than 750 mg per year, and none of the 36 containers leaks more than 1.1 g per year. This test
is in addition to the customary in-line leak testing of each container.

Number of Discharges per Container

Perform this test only on topical aerosols fitted with dose-metering valves, at the same time
as, and on the same containers used for, the test for Delivered-Dose Uniformity. Determine the
number of discharges or deliveries by counting the number of priming discharges plus those
used in determining the spray contents, and continue to fire until the label claim number of
discharges. The requirements are met if all the containers or inhalers tested contain not less
than the number of discharges stated on the label.

Delivered-Dose Uniformity

The test for Delivered-Dose Uniformity is required for topical aerosols fitted with dose-metering
valves. For collection of the minimum dose, proceed as directed in the test for Delivered-Dose
Uniformity under Metered-Dose Inhalers and Dry Powder Inhalers, as described below, except
to modify the dose sampling apparatus so that it is capable of quantitatively capturing the
delivered dose from the preparation being tested. Unless otherwise stated in the individual
monograph, apply the acceptance criteria for Metered-Dose Inhalers and Dry Powder Inhalers
as described below.

NASAL SPRAYS

The following test is applicable to nasal sprays, formulated as aqueous suspensions or solutions
of drug, presented in multi-dose containers and fitted with dose-metering valves. In all cases,
and for all tests, prepare and test the nasal spray as directed on the label and the instructions
for use.

Delivered-Dose Uniformity
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Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses (minimum number of sprays per nostril as described on the label, or instructions
for use) collected at the beginning of unit life (after priming as described on the label, or
instructions for use) and at the label claim number of metered sprays, from each of 10 separate
containers, must meet the following acceptance criteria: not more than 2 of the 20 doses are
outside the range of 80% to 120% of label claim, and none are outside the range of 75% to
125% of label claim, while the mean for each of the beginning and end doses falls within the
range of 85% to 115% of label claim. If 3–6 doses of the 20 doses collected are outside of 80%
to 120% of the label claim, but none are outside of 75% to 125% of label claim, and the means
for each of the beginning and end doses fall within 85% to 115% of label claim, select 20
additional containers for second-tier testing. For second-tier testing, the requirements are met
if not more than 6 of the 60 doses collected are outside the range of 80% to 120% of label
claim, none are outside the range of 75% to 125% of label claim, and the means for each of
the beginning and end doses fall within the range of 85% to 115% of label claim.

SAMPLING FOR DELIVERED-DOSE UNIFORMITY OF METERED-DOSE NASAL SPRAYS

General Sampling Procedure—To ensure reproducible in-vitro dose collection, it is
recommended that a mechanical means of actuating the pump assembly be employed to deliver
doses for collection. The mechanical actuation procedure should have adequate controls for
the critical mechanical actuation parameters (e.g., actuation force, actuation speed, stroke
length, rest periods, etc.). The test must be performed on units that have been primed
according to the patient-use instructions. The test unit should be actuated in a vertical or near
vertical, valve-up, position. The two doses collected at the beginning and end of the container
life should be the dose immediately following priming and the dose corresponding to the last
label claim number of doses from the container. 
For suspension products, the delivered dose should be delivered into a suitable container (e.g.,
scintillation vial) in which quantitative transfer from the container under test can be
accomplished. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as a percent of label claim. For solution products,
the delivered dose can be determined gravimetrically from the weight of the delivered dose, and
the concentration and density of the fill solution of the product under test.

METERED-DOSE INHALERS AND DRY POWDER INHALERS

The following tests are applicable to metered-dose inhalers that are formulated as suspensions
or solutions of active drug in propellants and dry powder inhalers presented as single or
multidose units. The following test methods are specific to the aforementioned inhalers and may
require modification when testing alternative inhalation technologies (for example, breath-
actuated metered-dose inhalers, or dose-metering nebulizers). However, Pharmacopeial
requirements for all dose-metering inhalation dosage forms require determination of the
delivered dose and Aerodynamic Size Distribution. In all cases, and for all tests, prepare and
test the inhaler as directed on the label and the instructions for use. When these directions are
not provided by the product manufacturer, follow the precise dose discharge directions included
in the tests below.

Delivered-Dose Uniformity
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The test for Delivered-Dose Uniformity is required for inhalers (e.g., metered-dose inhalers or
dry powder inhalers) containing drug formulation (e.g., solution, suspension, or powder) either
in reservoirs or in premetered dosage units, and for drug formulations packaged in reservoirs or
in premetered dosage units where these containers are labeled for use with a named inhalation
device. (For inhalations packaged in premetered dosage units, see also Uniformity of Dosage

Units 905 .) Note that the target-delivered dose is the expected mean drug content for a
large number of delivered doses collected from many inhalers of the chosen product. In many
cases, its value may depend upon the manner in which the test for delivered dose is performed.
For metered-dose inhalers, the target-delivered dose is specified by the label claim, unless
otherwise specified in the individual monograph. For dry powder inhalers, where the label claim
is usually the packaged or metered-dose of drug, the target-delivered dose is specified in the
individual monograph and is usually less than the label claim. Its value reflects the expected
mean drug content for a large number of delivered doses collected from the product, using the
method specified in the monograph. 
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose from each of 10 separate containers is determined in accordance with the
procedure described below. 
Unless otherwise specified in the individual monograph, the requirements for dosage uniformity
are met if not less than 9 of the 10 doses are between 75% and 125% of the specified target-
delivered dose and none is outside the range of 65% to 135% of the specified target-delivered
dose. If the contents of not more than 3 doses are outside the range of 75% to 125% of the
specified target-delivered dose, but within the range of 65% to 135% of the specified target-
delivered dose, select 20 additional containers, and follow the prescribed procedure for
analyzing 1 minimum dose from each. The requirements are met if not more than 3 results, out
of the 30 values, lie outside the range of 75% to 125% of the specified target-delivered dose,
and none is outside the range of 65% to 135% of the specified target-delivered dose.

SAMPLING THE DELIVERED DOSE FROM METERED-DOSE INHALERS

To determine the content of active ingredient in the discharged spray from a metered-dose
inhaler, use the sampling apparatus described below, using a flow rate of 28.3 L of air per
minute (±5%), unless otherwise stated in the individual monograph.

Apparatus A—The apparatus (see Figure 1)

Fig. 1. Sampling apparatus for pressurized metered-dose inhalers.
consists of a filter support base with an open-mesh filter support, such as a stainless steel
screen, a collection tube that is clamped or screwed to the filter support base, and a
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mouthpiece adapter to ensure an airtight seal between the collection tube and the mouthpiece.
Use a mouthpiece adapter that ensures that the opening of the inhaler mouthpiece is flush with
the front face or 2.5-mm indented shoulder in the sample collection tube, as appropriate. The
vacuum connector is connected to a system comprising a vacuum source, flow regulator, and
flowmeter. The source should be capable of pulling air through the complete assembly, including
the filter and the inhaler to be tested, at the desired flow rate. When testing metered-dose
inhalers, air should be drawn continuously through the system to avoid loss of drug into the
atmosphere. The filter support base is designed to accommodate 25-mm diameter filter disks.
At the airflow being used, the sample collection tube and the filter disk must be capable of
quantitatively collecting the Delivered Dose. The filter disk and other materials used in the
construction of the apparatus must be compatible with the drug and the solvents that are used
to extract the drug from the filter. One end of the collection tube is designed to hold the filter
disk tightly against the filter support base. When assembled, the joints between the
components of the apparatus are airtight so that when a vacuum is applied to the base of the
filter, all of the air drawn through the collection device passes through the inhaler.

Procedure—Prepare the inhaler for use according to the label instructions. Unless otherwise
specified in the individual monograph, with the vacuum pump running, ensuring an airflow rate
through the inhaler of 28.3 L of air per minute (±5%), discharge the minimum recommended
dose into the apparatus through the mouthpiece adapter by depressing the valve for a duration
sufficient to ensure that the dose has been completely discharged. Detach the inhaler from
Apparatus A, and disconnect the vacuum. Assay the contents of the apparatus for drug after
rinsing the filter and the interior of the apparatus with a suitable solvent.

SAMPLING THE DELIVERED DOSE FROM DRY POWDER INHALERS

To determine the content of active ingredient emitted from the mouthpiece of a dry powder
inhaler, use Apparatus B (see Figure 2).

Fig. 2. Apparatus B: Sampling apparatus for dry powder inhalers. (See Table 1 for component
specifications.)

Table 1. Component Specifications for Apparatus B (see Fig. 2)

Code Item Description Dimensions

A Sample
collection
tubea

See Fig. 2 34.85-mm ID × 12-cm length

B Filterb See Fig. 2 47-mm glass fiber filter

C Connector (e.g., short
metal coupling
with low
diameter
branch to P3)

8-mm ID
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D Vacuum tubing (e.g., silicon
tubing with an
outside
diameter of 14
mm and an
internal
diameter of 8
mm)

A length of suitable tubing 8 mm ID with an internal
volume of 25 ± 5 mL.

E Two-way
solenoid valvec

See Fig. 2 2-way, 2-port solenoid valve having an ID 8 mm

and an opening response time of 100 milliseconds.
F Vacuum pumpd See Fig. 2 Pump must be capable of drawing the required flow

rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide

( 10-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.

G Timere See Fig. 2 The timer switches current directly to the solenoid
valve for the required duration.

P1 Pressure tap See Fig. 2 2.2-mm ID, 3.1-mm OD flush with the internal
surface of the sample collection tube, centered and
burr free, 59 mm from its inlet. The pressure taps P1,
P2, and P3 must not be open to the atmosphere
during dose collection.

P1, P2,
P3

Pressure
measurementsf

  

H Flow-control
valveg

See Fig. 2 Adjustable regulating valve with maximum Cv  1h.

a   An example being a Millipore product number XX40 047 00 (Millipore Corporation, 80, Ashby

Road, Bedford, MA 01732), modified so that the exit tube has an ID  8-mm, fitted with
Gelman product number 61631.
b   A/E (Gelman Sciences Inc., 600 South Wagner Road, Ann Arbor, MI 48106) or equivalent.
c   ASCO product number 8030G13, Automatic Switch Company, 60 Hanover Road, Florham
Park, NJ 07932.
d   Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
e   Eaton Product number 45610-400 (Eaton Corporation, Automotive Products Division, 901,
South 12th Street, Watertown, WI 53094) or equivalent.
f   An example being a PDM 210 pressure meter (Air-Neotronics Ltd., Neotronics Technology
plc, Parsonage Road, Takeley, Bishop's Stortford, CM22 6PU, UK), or equivalent.
g   Parker Hannifin type 8FV12LNSS (Parker Hannifin plc., Riverside Road, Barnstable, Devon
EX31 1NP, UK) or equivalent.
h   Flow Coefficient, as defined by ISA S75.02 “Control valve capacity test procedure” in
Standards and Recommended Practices for Instrumentation and Control, 10th ed., Vol. 2,
1989. Published by Instrument Society of America, 67 Alexander Drive, P.O. Box 1227,
Research Triangle Park, NC 27709, U.S.A.

This apparatus is capable of sampling the emitted doses at a variety of airflow rates.
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Apparatus B—The apparatus is similar to that described in Figure 1 for testing metered-dose
inhalers. In this case, however, the filter and collection tube have a larger internal diameter to
accommodate 47-mm diameter filter disks. This feature enables dosage collection at higher
airflow rates—up to 100 L of air per minute—when necessary. A mouthpiece adapter ensures an
airtight seal between the collection tube and the mouthpiece of the dry powder inhaler being
tested. The mouthpiece adapter must ensure that the tip of the inhaler mouthpiece is flush
with the open end of the sample collection tube. Tubing connectors, if they are used, should
have an internal diameter greater than or equal to 8 mm to preclude their own internal
diameters from creating significant airflow resistance. A vacuum pump with excess capacity
must be selected in order to draw air, at the designated volumetric flow rate, through both the
sampling apparatus and the inhaler simultaneously. A timer-controlled, low resistance, solenoid-
operated, two-way valve is interposed between the vacuum pump and the flow-control valve
to control the duration of flow. This type of valve enables 4.0 L of air (±5%) to be withdrawn
from the mouthpiece of the inhaler at the designated flow rate. Flow control is achieved by
ensuring that critical (sonic) flow occurs in the flow-control valve (absolute pressure ratio

P3/P2  0.5 under conditions of steady-state flow).

Procedure—Operate the apparatus at an airflow rate that produces a pressure drop of 4 kPa
(40.8 cm H2O) over the inhaler to be tested and at a duration consistent with the withdrawal
of 4 L of air from the mouthpiece of the inhaler. [Note—If the flow rate and duration are
defined otherwise in the monograph, adjust the system to within 5% of those values. ]
Determine the test flow rate using Apparatus B as follows. Insert an inhaler into the mouthpiece
adapter to ensure an airtight seal. In cases where the drug packaging modifies the inhaler's
resistance to airflow, use a loaded, drug-free inhaler (with previously emptied packaging). In
other cases, use an unloaded (drug free) inhaler. Connect one port of a differential pressure
transducer to the pressure tap, P1, and leave the other open to the atmosphere. Switch on
the pump, and open the two-way solenoid valve. Adjust the flow-control valve until the
pressure drop across the inhaler is 4.0 kPa (40.8 cm H2O). Ensure that critical (sonic) flow
occurs in the flow-control valve by determining the individual values for absolute pressure, P2
and P3, so that their ratio P3/P2 is less than or equal to 0.5. If this criterion cannot be
achieved, it is likely that the vacuum pump is worn or of insufficient capacity. Critical (sonic)
flow conditions in the flow-control valve are required in order to ensure that the volumetric
airflow drawn from the mouthpiece is unaffected by pump fluctuations and changes in airflow
resistance of the inhaler. Remove the inhaler from the mouthpiece adapter and without
disturbing the flow-control valve, measure the airflow rate drawn from the mouthpiece, Qout, by
connecting a flowmeter to the mouthpiece adaptor in an airtight fashion. Use a flowmeter
calibrated for the volumetric flow leaving the meter in an airtight fashion to directly determine
Qout or, if such a meter is unobtainable, calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For example, for a meter calibrated for the entering volumetric flow
(Qin), use the formula:

Qout = QinP0 / (P0 – DP)

where P0 is the atmospheric pressure and DP is the pressure drop over the meter. If the flow
rate is greater than 100 L of air per minute, adjust the flow-control valve until Qout equals 100 L
per minute; otherwise, record the value of Qout, and leave the flow-control valve undisturbed.
Define the test flow duration, T = 240/Qout, in seconds, so that a volume of 4.0 L of air (±5%)
is withdrawn from the inhaler at the test flow rate Qout, and adjust the timer controlling the
operation of the two-way solenoid valve accordingly. Prime or load the inhaler with powder for
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inhalation according to the labeled instructions. With the vacuum pump running and the
solenoid valve closed, insert the inhaler mouthpiece horizontally into the mouthpiece adapter.
Discharge the powder into the sampling apparatus by activating the timer controlling the
solenoid valve and withdrawing 4.0 L of air from the inhaler at the previously defined airflow
rate. If the labeled instructions so direct, repeat the operation so as to simulate the use of the
inhaler by the patient (e.g., inhale two or three times, if necessary, to empty the capsule).

Repeat the whole operation n 1 times beginning with the text, “Prime or load the inhaler with
powder,” where n is the number of times defined in the labeling as the minimum recommended
dose. Detach the dry powder inhaler from the sampling apparatus, and disconnect the vacuum
tubing, D. Assay the contents of the apparatus for drug after rinsing the filter and the interior
of the apparatus with a suitable solvent. Where specified in individual monographs, perform this
test under conditions of controlled temperature and humidity.

Delivered-Dose Uniformity over the Entire Contents

The test for Delivered-Dose Uniformity over the Entire Contents is required for inhalers (e.g.,
metered-dose inhalers or dry powder inhalers) containing multiple doses of drug formulation
(e.g., solution, suspension, or dry powder) either in reservoirs or in premetered dosage units
(e.g., blisters), and for drug formulations packaged in reservoirs or in multiple-dose assemblies
of premetered dosage units that have a predetermined dose sequence, where these multiple-
dose assemblies are labeled for use with a named inhalation device. The test for Delivered-Dose
Uniformity over the Entire Contents also ensures that multidose products supply the total
number of discharges stated on the label. Unless otherwise directed in the individual
monograph, the drug content of at least 9 of the 10 doses collected from one inhaler, in
accordance with the procedure below, are between 75% and 125% of the target-delivered
dose, and none is outside the range of 65% to 135% of the target-delivered dose. If the
contents of not more than 3 doses are outside the range of 75% to 125%, but within the range
of 65% to 135% of the target-delivered dose, select 2 additional inhalers, and follow the
prescribed procedure for analyzing 10 doses from each. The requirements are met if not more
than 3 results, out of the 30 values, lie outside the range of 75% to 125% of the target-
delivered dose, and none is outside the range of 65% to 135% of the target-delivered dose.

METERED-DOSE INHALERS

Apparatus—Use Apparatus A as directed in Sampling the Delivered-Dose from Metered-Dose
Inhalers under Delivered-Dose Uniformity at a flow rate of 28.3 L of air per minute (±5%).

Procedure—A single dose is defined as the number of sprays specified in the product labeling
as the minimum recommended dose. Select a single metered-dose inhaler, and follow the
labeled instructions for priming, shaking, cleaning, and firing the inhaler throughout. Unless
otherwise prescribed in the patient instructions, shake the inhaler for 5 seconds, and fire one
minimum recommended dose to waste. Wait for 5 seconds, and collect the next dose. Detach
the inhaler from Apparatus A, and disconnect the vacuum. Assay the contents of the apparatus
for drug after rinsing the filter and the interior of the apparatus with a suitable solvent. Collect
two more doses, allowing at least 5 seconds between doses. Discharge the device to waste,
waiting for not less than 5 seconds between actuations (unless otherwise specified in the
individual monograph), until (n/2) + 1 minimum recommended doses remain, in which n is the
number of minimum recommended doses on the label. Collect four more doses, allowing at least
5 seconds between doses, unless otherwise specified in the individual monograph. Discharge
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the device to waste, as before, until three doses remain. Collect the final three doses, allowing
at least 5 seconds between doses. Note that the rate of discharges to waste should not be
such to cause excessive canister cooling.

DRY POWDER INHALERS

Apparatus—Use Apparatus B as directed in Sampling the Delivered Dose from Dry Powder
Inhalers under Delivered-Dose Uniformity at the appropriate airflow rate for testing.

Procedure—Proceed as directed for Procedure in Sampling the Delivered Dose from Dry
Powder Inhalers under Delivered-Dose Uniformity. A single dose is defined as the number of
actuations stated in the product labeling as the minimum recommended dose. Select a single
inhaler and follow the labeled instructions for loading with powder, discharging and cleaning
throughout. Collect a total of 10 doses—three doses at the beginning, four in the middle [(n/2) 

 1 to (n/2) + 2, where n is the number of minimum recommended doses on the label], and
three at the end—of the labeled contents following the labeled instructions. Prior to collecting
each of the doses to be analyzed, clean the inhaler as directed in the labeling.

Particle Size

The particle or droplet size distribution in the spray discharged from metered-dose inhalers, and
the particle size distribution in the cloud discharged from dry powder inhalers, are important
characteristics used in judging inhaler performance. While particle size measurement by
microscopy can be used to evaluate the number of large particles, agglomerates, and foreign
particulates in the emissions of metered-dose inhalers (e.g., Epinephrine Bitartrate Inhalation
Aerosol), whenever possible this test should be replaced with a method to determine the
aerodynamic size distribution of the drug aerosol leaving the inhaler. The aerodynamic size
distribution defines the manner in which an aerosol deposits during inhalation. When there is a
log-normal distribution, the aerodynamic size distribution may be characterized by the mass
median aerodynamic diameter (MMAD) and geometric standard deviation (GSD). The
aerodynamic size distribution of the drug leaving metered-dose and dry powder inhalers is
determined using Apparatus 1, 2, 3, 4, 5, or 6 as specified in this chapter. A fine particle dose
or fine particle fraction can also be determined as that portion of the inhaler output having an
aerodynamic diameter less than the size defined in the individual monograph. This may be
expected to correlate with the drug dose or that fraction of the drug dose that penetrates the
lung during inhalation. Individual monographs may also define the emitted fractions of the
delivered dose in more than one aerodynamic size range.

AERODYNAMIC SIZE DISTRIBUTION

Cascade impaction devices classify aerosol particles and droplets on the basis of those
particles' aerodynamic diameters. The principle of their operation, whereby they separate
aerosol particles and droplets from a moving airstream on the basis of particle or droplet inertia,
is shown in Figure 3.
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Fig. 3. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the

same manner.)

Because the dimensions of the induction port used to connect inhalers to the cascade
impactors and impingers (shown in Apparatus 1, 2, 3, 4, 5, and 6) also define the mass of drug
that enters the aerodynamic sizing device, these are carefully defined and, where possible, are
held constant between each apparatus (see Figures 4, 6, 7, 8, and 9).

Fig. 4. Apparatus 1: Assembly of induction port and entrance cone mounted on cascade
impactor.

Fig. 4a. Apparatus 1: Expanded view of induction port for use with metered-dose and dry
powder inhalers.
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Fig. 4b. Apparatus 1: Expanded view of the entrance cone for mounting induction port on the
Andersen cascade impactor without preseparator. Material may be aluminum, stainless steel, or

other suitable material. Surface roughness (Ra) should be approximately 0.4 µm.

Fig. 5. Apparatus 2, 3, 4, or 5: General control equipment. (See Table 3 for component
specifications.)

Fig. 6. Apparatus 2: Assembly of induction port, stage collector, and filter holder. (Marple-Miller
impactor, Model 160 with USP induction port.)
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Fig. 7. Apparatus 3: Expanded views of top for the Andersen preseparator adapted to the USP
induction port. Material may be aluminum, stainless steel, or other suitable material; interior

bore should be polished to surface roughness (Ra) approximately 0.4 µm.

Fig. 8. Apparatus 4: Schematic of multistage liquid impinger. (See Table 4 for component
specifications.)

Because the size distributions produced by different impactors are often a function of impactor
design and the airflow rate through them, there is a need to standardize the instruments that
are used to test inhalers (i.e., Apparatus 1 or 6 for metered-dose inhalers) or to provide
guidelines on system suitability where different apparatuses may be used (i.e., Apparatus 2, 3,
4, or 5 for dry powder inhalers). 
Because of the varied nature of the formulations and devices being tested, the cascade
impaction system and technique selected for testing an inhaler should fulfill a number of
criteria.

Stage Mensuration—Manufacturers of cascade impaction devices provide a definitive calibration
for the separation characteristics of each impaction stage in terms of the relationship between
the stage collection efficiency and the aerodynamic diameter of particles and droplets passing
through it as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement
of the jet and its collection surface, and the airflow rate passing through it. Because jets can
corrode and wear over time, the critical dimensions of each stage, which define that impaction
stage's calibration, must be measured on a regular basis. This process, known as stage
mensuration, replaces the need for repetitive calibration (using standard aerosols) and ensures
that only devices that conform to specifications are used for testing inhaler output. The
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process involves the measurement and adjustment of the critical dimensions of the instrument.

Interstage Drug Loss (wall losses)—Where method variations are possible and there is no
apparatus specified in the monograph, the selected technique should ensure that not more
than 5% of the inhaler's total delivered drug mass (into the impactor) is subject to loss
between the impaction device's sample collection surfaces. In the event that interstage drug
losses are known to be greater than 5%, either the procedure should be performed in such a
way that wall losses are included along with the associated collection plate, or an alternative
apparatus should be used. As an example, the following procedures described for Apparatus 1
and 3 have been written to include wall losses along with the associated collection plate.
Provided, however, that such losses are known to be less than or equal to 5% of the total
delivered drug mass into the impactor and that there are no instructions to the contrary in an
individual monograph, the technique may be simplified by only assaying drug on the collection
plates.

Re-Entrainment—Where method variations are possible, the selected technique should seek to
minimize particle re-entrainment (from an upper to a lower impaction stage) on stages that
contribute to size fractions defined in the individual monograph, especially where this may
affect the amounts of drug collected. Minimizing the number of sampled doses, the use of
coated particle collection surfaces, and proving that multiple-dose techniques produce
statistically similar results to those from smaller numbers of doses, are all methods that can be
used for this purpose. In the event that re-entrainment cannot be avoided, the number of
doses collected, the time interval between doses, and the total duration of airflow through the
cascade impaction device should be standardized. Under these circumstances, the presentation
of impaction data should not presume the validity of the impactor's calibration (i.e.,
aerodynamic diameter ranges should not be assigned to drug masses collected on specific
stages). 
By using appropriate assay methods and a suitable mensurated impaction device, aerodynamic
particle size distributions can be determined for drugs leaving the mouthpieces of metered-dose
or dry powder inhalers. If temperature or humidity limits for use of the inhaler are stated on the
label, it may be necessary to control the temperature and humidity of the air surrounding and
passing through the device to conform to those limits. Ambient conditions are presumed, unless
otherwise specified in individual monographs.

Mass Balance—In addition to the size distribution, good analytical practice dictates that a
mass-balance be performed in order to confirm that the amount of the drug discharged from
the inhaler, which is captured and measured in the induction port-cascade impactor apparatus,
is within an acceptable range around the expected value. The total mass of drug collected in all
of the components (material balance) divided by the total number of minimum recommended
doses discharged is not less than 75% and not more than 125% of the average minimum
recommended dose determined during testing for Delivered-Dose Uniformity. This is not a test
of the inhaler but serves to ensure that the test results are valid.

Use one of the multistage impaction devices shown below, or an equivalent, to determine
aerodynamic particle size distributions of drugs leaving the mouthpieces of metered-dose or dry
powder inhalers. Apparatus 1 and 6 [Figures 4 and 9 (without preseparator), respectively] are
intended for use with metered-dose inhalers at a single airflow rate. Apparatus 2, 3, 4, and 5
(Figures 6, 7, 8, and 9, respectively) are intended for use with dry powder inhalers at the
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appropriate airflow rate, Qout, determined earlier, provided that the value of Qout falls in the
range 30–100 L per minute.
Note—If Qout is greater than 100 L per minute, testing should be performed with Qout set at 100
L per minute; if Qout is less than 30 L per minute, testing is performed with Qout at 30 L per
minute.

Apparatus 1 for Metered-Dose Inhalers—Use this apparatus, or an equivalent, at a flow rate
of 28.3 L per minute (±5%), as specified by the manufacturer of the cascade impactor.

Design—The design and assembly of this apparatus and the induction port to connect the
device to an inhaler are shown in Figures 4, 4a, and 4b1. 
Critical engineering dimensions applied by manufacturers to the stages of Apparatus 1 are
provided in Table 2. During use, some occlusion and blockage of jet nozzles may occur and
therefore, “in use” mensuration tolerances need to be justified.

Table 2. Critical Dimensions for the Jet Nozzles of 
Apparatus 1

Stage # Number of Jets Nozzle Diameter (mm)

0 96 2.55 ± 0.025
1 96 1.89 ± 0.025
2 400 0.914 ± 0.0127
3 400 0.711 ± 0.0127
4 400 0.533 ± 0.0127
5 400 0.343 ± 0.0127
6 400 0.254 ± 0.0127
7 201 0.254 ± 0.0127

Procedure—Set up the multistage cascade impactor as described in the manufacturer's
literature with an after filter below the final stage to capture any fine particles that otherwise
would escape from the device. To ensure efficient particle capture, coat the particle collection
surface of each stage with glycerol, silicone oil, or other suitable liquid typically deposited from
a volatile solvent, unless it has been demonstrated to be unnecessary. Attach the induction
port and mouthpiece adapter to produce an airtight seal between the inhaler mouthpiece and
the induction port as shown in Figure 4. Use a mouthpiece adapter that ensures that the tip of
the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the various
stages of the cascade impactor are connected with airtight seals to prevent leaks. Turn on the
vacuum pump to draw air through the cascade impactor, and calibrate the airflow through the
system with an appropriate flowmeter attached to the open end of the induction port. Adjust
the flow-control valve on the vacuum pump to achieve steady flow through the system at the
required rate, and ensure that the airflow through the system is within ±5% of the flow rate
specified by the manufacturer. Unless otherwise prescribed in the patient instructions, shake
the inhaler for 5 seconds and discharge one delivery to waste. With the vacuum pump running,
insert the mouthpiece into the mouthpiece adapter and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, wait for 5 seconds before removing the inhaler from the mouthpiece
adapter, shake the inhaler, reinsert it into the mouthpiece adapter, and immediately fire the
next minimum recommended dose. Repeat until the required number of doses have been
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discharged. The number of minimum recommended doses discharged must be sufficient to
ensure an accurate and precise determination of Aerodynamic Size Distribution. [Note—The
number of minimum recommended doses is typically not greater than 10. ] After the last dose
has been discharged, remove the inhaler from the mouthpiece adapter. Rinse the mouthpiece
adapter and induction port with a suitable solvent, and dilute quantitatively to an appropriate
volume. Disassemble the cascade impactor, place each stage and its associated collection
plate or filter in a separate container, and rinse the drug from each of them. [Note—If it has
been determined that wall losses in the impactor are less than or equal to 5%, then the
collection plates only may be used. ] 
Dilute each quantitatively to an appropriate volume. Using the method of analysis specified in
the individual monograph, determine the mass of drug collected in each of the components. To
analyze the data, proceed as directed under Data Analysis.

Apparatus 2 for Dry Powder Inhalers—

Design—The design and assembly of Apparatus 2, and the induction port to connect the device
to an inhaler, are shown in Figure 6.2[Note—The induction port is shown in detail in Figure 4a. ]
The impactor has five impaction stages and an after filter. At a volumetric airflow rate of 60 L
per minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 1 to
5 are 10, 5, 2.5, 1.25, and 0.625 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.625 µm. Set up the multistage cascade
impactor with the control system as specified in Figure 5. To ensure efficient particle capture,
coat the particle collection surface of each stage with glycerol, silicone oil, or other suitable
liquid typically deposited from a volatile solvent, unless it has been demonstrated to be
unnecessary. Assemble the impactor as described in the manufacturer's literature with an after
filter below the final stage to capture any fine particles that otherwise would escape from the
device. Attach the induction port and mouthpiece adapter to produce an airtight seal between
the inhaler mouthpiece and the induction port. Use a mouthpiece adapter that ensures that the
tip of the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the
various stages of the cascade impactor are connected with airtight seals to prevent leaks. 
Turn on the vacuum pump, open the solenoid valve, and calibrate the airflow through the
system as follows. Connect a flowmeter to the induction port. Use a flowmeter calibrated for
the volumetric flow leaving the meter to directly determine Qout, or, if such a meter is
unobtainable, calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. For
example, for a meter calibrated for the entering volumetric flow (Qin), use the formula:

Qout = QinP0/(P0 – DP)

where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow-control valve to achieve a steady flow through the system at the required rate, Qout, so
that Qout is within ±5% of the value determined during testing for Delivered-Dose Uniformity.
Ensure that critical flow occurs in the flow-control valve, at the airflow rate to be used during
testing, by using the following procedure. With the inhaler in place, and the intended flow
running, measure the absolute pressure on both sides of the flow-control valve (P2 and P3 in

Figure 5). A ratio of P3/P2  0.5 indicates critical flow. Switch to a more powerful pump, and
remeasure the test flow rate if P3/P2 > 0.5. Adjust the timer controlling the operation of the
two-way solenoid valve so that it opens this valve for a duration of T seconds as determined
during testing for Delivered-Dose Uniformity. Prime or load the dry powder inhaler with powder
for inhalation according to the labeled instructions. With the vacuum pump running and the
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two-way solenoid valve closed, insert the inhaler mouthpiece, held horizontally, into the
induction port mouthpiece adapter. Discharge the powder into the apparatus by opening the
two-way solenoid valve for a duration of T seconds. After the two-way solenoid valve has
closed, remove the inhaler from the mouthpiece adapter. If additional doses are required for the
sample, reload the inhaler according to the labeled instructions, reinsert the mouthpiece into
the mouthpiece adapter, and repeat the operation until the required number of doses have
been discharged. After discharge of the last dose, switch off the vacuum pump. 
Rinse the mouthpiece adapter and induction port with a suitable solvent, and quantitatively
dilute to an appropriate volume. Disassemble the cascade impactor, and place the after filter in
a separate container. Rinse the drug from each of the stages and the filter, and quantitatively
dilute each to an appropriate volume. Using the method of analysis specified in the individual
monograph, determine the mass of drug collected in each of the components. Determine the
cutoff diameters of each of the individual stages of the impactor, at the value of Q = Qout

employed in the test by the formula:

D50,Q = D50,Qn(Qn/Q)½, (Eq. 1)

where D50,Q is the cutoff diameter at the flow rate, Q, employed in the test, and the subscript,
n, refers to the nominal values determined when Qn equals 60 L per minute. Thus, when Q
equals 40 L per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 5 µm × [60/40]1/2 = 6.1 µm.

General Procedure—Perform the test using Apparatus 2 at the airflow rate, Qout determined
earlier, during testing for Delivered-Dose Uniformity, provided Qout is less than or equal to 100 L
per minute. [Note—If Qout is greater than 100 L per minute, use an airflow rate of 100 L per
minute. ] Connect the apparatus to a flow control system that is based upon critical (sonic)
flow as specified in Figure 5 (see also Table 3).

Table 3. Component Specifications for Figure 5

Code Item Description Dimensions

A Connector (e.g., short
metal coupling
with low
diameter
branch to P3)

 8-mm ID

B Vacuum
tubing

(e.g., silicon
tubing with an
outside
diameter of 14
mm and an
internal
diameter of 8
mm)

A length of suitable tubing 8 mm ID with an internal
volume of 25 ± 5 mL.

C Two-way
solenoid
valvea

See Fig. 5 2-way, 2-port solenoid valve having an ID 8 mm

and an opening response time of 100 milliseconds.
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D Vacuum
pumpb

See Fig. 5 Pump must be capable of drawing the required flow
rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide

(  10-mm ID) vacuum tubing and connectors to
minimize pump capacity requirements.

E Timerc See Fig. 5 The timer switches current directly to the solenoid
valve for the required duration.

P2, P3 Pressure
measurements

 Determine under steady-state flow conditions with an
absolute pressure transducer.

F Flow control
valved

See Fig. 5 Adjustable regulating valve with maximum Cv  1.

a  An example being ASCO product number 8030G13 (Automatic Switch Company, 60 Hanover
Road, Florham Park, NJ 07932) or equivalent. See also Footnote h in Table 1.
b  Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
c  An example being Eaton Product number 45610-400 (Eaton Corporation, Automotive
Products Division, 901 South 12th Street, Watertown, WI 53094) or equivalent.
d  Parker Hannifin type 8FV12LNSS, or equivalent (Parker Hannifin plc, Riverside Road,
Barnstable, Devon EX31 1NP, UK). See also Footnote h in Table 1.

Table 4. Component Units of Multistage Liquid Impinger (see Figure 8)

Code1 Item Description Dimensions2

A,H Jet tube Metal tube screwed onto partition wall sealed by
gasket (C), polished inner surface

see Figure 8a

B,G Partition
wall

Circular metal plate, diameter 120

  Thickness see Figure 8a
C Gasket e.g., PTFE to fit jet tube
D Impaction

plate
Porosity O sintered-glass disk,  

  Diameter see Figure 8a
E Glass

cylinder
Plane polished cut glass tube  

  Height, including gaskets 46
  Outer diameter 100
  Wall thickness 3.5
  Sampling port (F) diameter 18
  Stopper in sampling port ISO 24/25
J Metal

frame
l-profiled circular frame with slit  

  Inner diameter to fit impaction plate
  Height 4
  Thickness of horizontal section 0.5
  Thickness of vertical section 2
K Wire Steel wire interconnecting metal frame and sleeve

(two for each frame)
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  Diameter 1
L Sleeve Metal sleeve secured on jet tube by screw  
  Inner diameter to fit jet tube
  Height 6
  Thickness 5
M Gasket e.g., silicone to fit glass cylinder
N Bolt Metal bolt with nut (six pairs), length 205
  Diameter 4
P O-ring Rubber O-ring, diameter × thickness 66.34 × 2.62
Q O-ring Rubber O-ring, diameter × thickness 29.1 × 1.6
R Filter

holder
Metal housing with stand and outlet see Figure 8b

S Filter
support

Perforated sheet metal, diameter 65

  Hole diameter 3
  Distance between holes (center-points) 4
T Snap-

locks
  

U Multi-jet
tube

Jet tube (H) ending in multijet arrangement see inserts Figure 8a

V Outlet Outlet and nozzle for connection to vacuum Internal diameter 
10 (Figure 8b)

1  See Fig. 8.
2  Measurements in mm unless otherwise stated.

Fig. 8a. Apparatus 4: Details of jet tube and impaction plate. Inserts show end of multi-jet tube
U leading to Stage 4. (See Table 5 for dimension specifications.)

Fig. 8b. Apparatus 4: Expanded view of Stage 5. (See Table 4 for component specifications.)
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Table 5. Apparatus 4: Dimensions1 of Jet Tube with Impaction Plate (see Fig. 8a).

Type Code2 Stage 1 Stage 2
Stage

3
Stage

4

Filter
(Stage

5)

Distance 1 9.5 ( .0, +.5) 5.5 ( .0, +.5) 4.0 ( .0,
+.5)

6.0 ( .0,
+.5)

n.a.

Distance 2 26 31 33 30.5 0
Distance 3 8 5 5 5 5
Distance 4 3 3 3 3 n.a.
Distance 5 0 3 3 3 3
Distance 63 20 25 25 25 25

Distance 7 n.a. n.a. n.a. 8.5 n.a.
Diameter c 25 14 8.0(±0.1) 21 14
Diameter d 50 30 20 30 n.a.
Diameter e 27.9 16.5 10.5 23.9 n.a.
Diameter f 31.75 ( .05, +.00) 22 14 31 22

Diameter g 25.4 21 13 30 21
Diameter h n.a. n.a. n.a. 2.70

(±.05)
n.a.

Diameter j n.a. n.a. n.a. 6.3 n.a.
Diameter k n.a. n.a. n.a. 12.6 n.a.

Radius4 r 16 22 27 28.5 0

Radius4 s 46 46 46 46 n.a.

Radius4 t n.a. 50 50 50 50

Angle w 10 53 53 53 53
Angle u n.a. n.a. n.a. 45 n.a.

Angle v n.a. n.a. n.a. 60 n.a.

1  Measurements in mm with tolerances according to ISO
2768-m, unless otherwise stated.
2  See Fig. 8a.
3  Including gasket.
4  Relative centerline of stage compartment.
n.a.: not applicable.

Under steady flow conditions, at the appropriate volumetric airflow rate through the entire
apparatus, ensure that critical (sonic) flow occurs in the flow control valve by determining the
individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is less than or equal
to 0.5. Coat the particle collection surface of each of the stages of the cascade impactor to
ensure that particles that have impacted on a given stage are not re-entrained in the flowing
airstream, unless this has been shown to be unnecessary. Analyze the data as directed under
Data Analysis.

Apparatus 3 for Dry Powder Inhalers—
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Design—Apparatus 3 is identical to Apparatus 1 (Figure 4), except that the manufacturer's
preseparator is added atop Stage 0 to collect large masses of noninhalable powder prior to their
entry into the impactor, and the outlet nipple, used to connect to vacuum tubing B (Figure 5),

is replaced with one having an internal diameter  8 mm. To connect the preseparator of the
impactor to the induction port (Figure 4a), a specially designed top for the preseparator must
be used. This is shown in Figure 7.3 The impactor, therefore, has eight stages, a preseparator
(to collect large particulates), and an after filter. At a volumetric airflow rate of 28.3 L per
minute (the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 0 to 7
are 9.0, 5.8, 4.7, 3.3, 2.1, 1.1, 0.7, and 0.4 µm, respectively. The after filter effectively retains
aerosolized drug in the particle size range up to 0.4 µm. Connect the cascade impactor into the
control system specified in Figure 5. Omit Stage 6 and Stage 7 from the impactor if the test
flow rate, Qout, used during testing for Delivered-Dose Uniformity was greater than or equal to
60 L per minute. To ensure efficient particle capture, coat the particle collection surface of
each stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Assemble the impactor as
described in the manufacturer's literature with an after filter below the final stage to capture
any fine particles that otherwise would escape from the device. Place an appropriate volume
(up to 10 mL) of an appropriate solvent into the preseparator, or coat the particle collection
surfaces of the preseparator to prevent re-entrainment of impacted particles. [Caution—Some
solvents form flammable vapor-air mixtures that may be ignited during passage through a
vacuum pump. Take appropriate precautions (alternative solvents, use of vapor traps, minimal
pump operating times, etc.) to ensure operator safety during testing.] Attach a molded
mouthpiece adapter to the end of the induction port to produce an airtight seal between the
inhaler mouthpiece and the induction port. Use a mouthpiece adapter that ensures that the tip
of the inhaler mouthpiece is flush with the open end of the induction port. Ensure that the
various stages of the cascade impactor are connected with airtight seals to prevent leaks. 
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow through
the system as follows. Prime or load the dry powder inhaler with powder for inhalation according
to the labeled instructions. With the vacuum pump running and the two-way solenoid valve
closed, insert the inhaler mouthpiece, held horizontally, into the induction port mouthpiece
adapter. Once the inhaler is positioned, discharge the powder into the apparatus by activating
the timer and opening the two-way solenoid valve for the required duration, T ± 5%, as
determined during testing for Delivered-Dose Uniformity. After the two-way solenoid valve has
closed, remove the inhaler from the mouthpiece adapter. If additional doses are required for the
sample, reload the inhaler according to the labeled instructions, reinsert the mouthpiece into
the mouthpiece adapter, and repeat the operation until the required number of doses have
been discharged. After discharge of the last dose, remove the inhaler from the mouthpiece
adapter, and switch off the vacuum pump. 
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, and preseparator, and quantitatively dilute to an
appropriate volume. Rinse the drug from each stage, and the impaction plate immediately
below, into appropriately sized flasks. Quantitatively dilute each flask to an appropriate volume.
Using the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples. The aerodynamic cutoff diameters of the individual stages of
this device, in the airflow range between 30 and 100 L per minute, are currently not well
established. Do not use the formula in Equation 1 to calculate cutoff diameters.

Procedure—Proceed as directed in the General Procedure under Apparatus 2, except to use
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Apparatus 3.

Apparatus 4 for Dry Powder Inhalers—
Note—Apparatus 4, the multistage liquid impinger, has a small number of stages and is used
extensively outside the USA. It is provided here for the benefit of users in countries other than
the USA.

Design—The design and assembly of Apparatus 4 are shown in Figs. 8, 8a, and 8b.4 The
induction port, used to connect the device to an inhaler, is shown in Fig. 4a. The device is a
multi-stage liquid impinger consisting of impaction Stages 1, 2, 3, and 4 and an integral after
filter (Stage 5). The collection stages of the liquid impinger (see Fig. 8 and Table 4) are kept
moist, unlike those of traditional impactors, such as Apparatus 1, 2, 3, 5, and 6; wetting may
produce an effect similar to coating the stages of Apparatus 2, 3, 5, and 6 at certain flow
rates, although this should be confirmed by demonstrating control over re-entrainment as
described earlier. An impaction stage comprises an upper horizontal metal partition wall (B)
through which a metal inlet jet tube (A) with its impaction plate (D) is protruding; a glass
cylinder (E) with sampling port (F), forming the vertical wall of the stage; and a lower
horizontal metal partition wall (G) through which a jet tube (H) connects to the lower stage.
The tube into Stage 4 (U) ends in a multi-jet arrangement. The impaction plate (D) is secured
in a metal frame (J), which is fastened by two wires (K) to a sleeve (L) secured on the jet tube
(C). For more detail of the jet tube and impaction plate, see Fig. 8a. The horizontal plane of
the collection plate is perpendicular to the axis of the jet tube and centrally aligned. The upper
surface of the impaction plate is slightly raised above the edge of the metal frame. A recess
around the perimeter of the horizontal partition wall guides the position of the glass cylinder.
The glass cylinders are sealed against the horizontal partition walls with gaskets (M) and
clamped together by six bolts (N). The sampling ports are sealed by stoppers. The bottom side
of the lower partition wall of Stage 4 has a concentric protrusion fitted with a rubber O-ring (P)
that seals against the edge of a filter placed in the filter holder. The filter holder (R) is a basin
with a concentric recess in which a perforated filter support (S) is flush-fitted. The filter holder
is designed for 76-mm diameter filters. The whole impaction stage assembly is clamped onto the
filter holder by two snap locks (T). The impinger is equipped with an induction port (Fig. 4a)
that fits onto the Stage 1 inlet jet tube. A rubber O-ring on the jet tube provides an airtight
connection to the induction port. An elastomeric mouthpiece adapter to fit the inhaler being
tested provides an airtight seal between the inhaler and the induction port. 
At a volumetric airflow rate of 60 L per minute (the nominal flow rate, Qn), the cutoff
aerodynamic diameters D50,Qn of Stages 1 to 4 are 13.0, 6.8, 3.1, and 1.7 µm, respectively. The
after filter effectively retains aerosolized drug in the particle size range up to 1.7 µm. Ensure
that Apparatus 4 is clean and free of drug solution from any previous tests. Place a 76-mm
diameter filter in the filter stage, and assemble the apparatus. Use a low pressure filter capable
of quantitatively collecting the passing drug aerosol, which also allows a quantitative recovery
of the collected drug. Set up Apparatus 4 using the control system as specified in Figure 5.
Attach the induction port (Figure 4a) and mouthpiece adapter to produce an airtight seal
between the inhaler mouthpiece and the induction port. Use a mouthpiece adapter that ensures
that the tip of the inhaler mouthpiece is flush with the open end of the induction port. Ensure
that the various stages of the apparatus are connected with airtight seals to prevent leaks.
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow through
the system as follows. Connect a flowmeter, calibrated for the volumetric flow rate leaving the
meter, to the induction port. Adjust the flow-control valve to achieve a steady flow through
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the system at the required rate, Qout, so that Qout is within ±5% of the value determined during
testing for Delivered-Dose Uniformity. Ensure that critical flow occurs in the flow-control valve,
at the value of Qout to be used during testing, using the following procedure. With the inhaler in
place, and the intended flow running, measure the absolute pressure on both sides of the flow-

control valve (P2 and P3 in Figure 5). A ratio of P3/P2  0.5 indicates critical flow. Switch to a
more powerful pump, and remeasure the test flow rate if P3/P2 > 0.5. Adjust the timer
controlling the operation of the two-way solenoid valve so that it opens that valve for the
same duration, T, as used during testing for Delivered-Dose Uniformity. Dispense 20 mL of a
solvent, capable of dissolving the drug, into each of the four upper stages of Apparatus 4, and
replace the stoppers. [Caution—Some solvents form flammable vapor-air mixtures that may be
ignited during passage through a vacuum pump. Take appropriate precautions (alternative
solvents, use of vapor traps, minimal pump operating times, etc.) to ensure operator safety
during testing.] Tilt the apparatus to wet the stoppers, thereby neutralizing their electrostatic
charge. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens the valve for the same duration, T, as used during testing for Delivered-Dose Uniformity.
Prime or load the dry powder inhaler with powder for inhalation according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
inhaler mouthpiece, held horizontally, into the induction port mouthpiece adapter. Discharge the
powder into the apparatus by activating the timer and opening the two-way solenoid valve for
the required duration, T ± 5%. After the two-way solenoid valve has closed, remove the inhaler
from the mouthpiece adapter. If additional doses are required for the sample, reload the inhaler
according to the labeled instructions, reinsert the mouthpiece into the mouthpiece adapter, and
repeat the operation until the required number of doses have been discharged. After discharge
of the last dose, switch off the vacuum pump. 
Dismantle the filter stage of Apparatus 4. Carefully remove the filter, and extract the drug with
solvent. Rinse the mouthpiece adapter and induction port with a suitable solvent, and
quantitatively dilute to an appropriate volume. Rinse the inside of the inlet jet tube to Stage 1
(Figure 8), allowing the solvent to flow into the stage. Rinse the drug from the inner walls and
the collection plate of each of the four upper stages of the apparatus, into the solution in the
respective stage, by tilting and rotating the apparatus, while ensuring that no liquid transfer
occurs between the stages. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the six volumes of solvent. Ensure that the
method corrects for possible evaporation of the solvent during the test. This may involve the
use of an internal standard (of known original concentration in the solvent and assayed at the
same time as the drug) or the quantitative transfer of the liquid contents from each of the
stages, followed by dilution to a known volume. Determine the cutoff diameters of each of the
individual stages of the impactor, at the value of Q = Qout employed in the test by the formula:

D50,Q = D50,Qn (Qn/Q)1/2

where D50,Q is the cutoff diameter at the flow rate, Q, employed in the test, and the subscript,
n, refers to the nominal values determined when Qn equals 60 L of air per minute. Thus, when Q
equals 40 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 6.8 µm × (60/40)1/2 = 8.3 µm.

Procedure—Proceed as directed in the General Procedure under Apparatus 2, except to use
Apparatus 4.

Apparatus 5 for Dry Powder Inhalers—
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Design—The design and assembly of Apparatus 55are shown in Figures 9, 9a, 9b, 9c, and 9d.
The induction port, used to connect the device to an inhaler, is shown in Figure 4a. The device
is a cascade impactor with seven stages and a micro-orifice collector (MOC). Over the design
flow-rate range of 30 to 100 L per minute, the 50% efficiency cut-off diameters of the stages
(D50 values) range between 0.24 µm to 11.7 µm, evenly spaced on a logarithmic scale. In the
design flow-rate range, there are always at least five stages with D50 values between 0.5 µm
and 6.5 µm. The collection efficiency curves for each stage are sharp and minimize overlap
between stages. Material may be aluminum, stainless steel, or other suitable material. 
The impactor layout has removable impaction cups with all the cups in one plane (Figures
9–9c). There are three main sections to the impactor: the bottom frame that holds the
impaction cups, the seal body that holds the jets, and the lid that contains the interstage
passageways (shown in Figures 9–9b). Multiple nozzles are used at all but the first stage
(Figure 9c). The flow passes through the impactor in a saw-tooth pattern. 
Stage mensuration is performed periodically together with confirmation of other dimensions
critical to the effective operation of the impactor. Critical dimensions are provided below in
Table 6.

Table 6. Critical Dimensions for Apparatus 5 and 6

Description Dimension (mm)

Preseparator (dimension a—see Figure 9d) 12.80 ± 0.05

Stage 11 Nozzle diameter 14.30 ± 0.05

Stage 21 Nozzle diameter 4.88 ± 0.04

Stage 31 Nozzle diameter 2.185 ± 0.02

Stage 41 Nozzle diameter 1.207 ± 0.01

Stage 51 Nozzle diameter 0.608 ± 0.01

Stage 61 Nozzle diameter 0.323 ± 0.01

Stage 71 Nozzle diameter 0.206 ± 0.01

MOC 1 approximately 0.070

Cup Depth (Dimension b—see Figure 9b) 14.625 ± 0.10
Collection cup surface roughness 0.5 to 2 µm

Stage 1 Nozzle to seal body distance2—dimension c 0 ± 1.18

Stage 2 Nozzle to seal body distance2—dimension c 5.236 ± 0.736

Stage 3 Nozzle to seal body distance2—dimension c 8.445 ± 0.410

Stage 4 Nozzle to seal body distance2—dimension c 11.379 ± 0.237

Stage 5 Nozzle to seal body distance2—dimension c 13.176 ± 0.341

Stage 6 Nozzle to seal body distance2—dimension c 13.999 ± 0.071

Stage 7 Nozzle to seal body distance2—dimension c 14.000 ± 0.071

MOC Nozzle to seal body distance2—dimension c 14.429 – 14.571

1  See Figure 9c.
2  See Figure 9b.

In routine operation, the seal body and lid are held together as a single assembly. The
impaction cups are accessible when this assembly is opened at the end of an inhaler test. The
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cups are held in a support tray, so that all cups can be removed from the impactor
simultaneously by lifting out the tray. 
An induction port with internal dimensions identical to those defined in Figure 4a is connected
to the impactor inlet. When necessary, with dry powder inhalers, a preseparator can be added
to avoid overloading the first stage. This preseparator connects between the induction port
and the impactor. A suitable mouthpiece adapter is used to provide an airtight seal between
the inhaler and the induction port. 
At a volumetric airflow rate of 60 L per minute (the assigned reference flow rate for cutoff-
diameter calculations, Qn), the cutoff-aerodynamic diameters D50,Qn of Stages 1 to 7 are 8.06,
4.46, 2.82, 1.66, 0.94, 0.55 and 0.34 µm, respectively. The apparatus contains a terminal
micro-orifice collector (MOC) that for most formulations may eliminate the need for a final filter
as determined by method validation. The MOC is an impactor nozzle plate and collection cup.
The nozzle plate contains, nominally, 4032 jets, each approximately 70 µm in diameter. Most
particles not captured on Stage 7 of the impactor will be captured on the cup surface below
the MOC. (For impactors operated at 60 L per minute, the MOC is capable of collecting 80% of
0.14-µm particles). For formulations with a significant fraction of particles not captured by the
MOC, there is an optional filter holder that can replace the MOC or be placed downstream of
the MOC containing a suitable after-filter (glass fiber is often suitable).

Procedure—Assemble the apparatus with the preseparator (Figure 9d), unless experiments have
shown that its omission does not result in increased interstage drug losses (>5%) or particle
re-entrainment, in which case the preseparator may be omitted. 
Place cups into the apertures in the cup tray. To ensure efficient particle capture, coat the
particle collection surface of each stage with glycerol, silicone oil, or other suitable liquid
typically deposited from a volatile solvent, unless it has been demonstrated to be unnecessary.
Insert the cup tray into the bottom frame, and lower into place. Close the impactor lid with the
seal body attached, and operate the handle to lock the impactor together so that the system
is airtight.

The preseparator may be assembled as follows: assemble the preseparator insert into the
preseparator base; fit the preseparator base to the impactor inlet; add 15 mL of the solvent
used for sample recovery to the central cup of the preseparator insert; place the preseparator
body on top of this assembly; and close the two catches. [Caution—Some solvents form
flammable vapor-air mixtures that may be ignited during passage through a vacuum pump. Take
appropriate precautions (e.g., alternative solvents, use of vapor traps, minimal pump operating
times, etc.) to ensure operator safety during testing.] 
Connect an induction port with internal dimensions as defined in Figure 4a either to the
impactor inlet or to the preseparator inlet atop the cascade impactor (Figure 9d). Place a
suitable mouthpiece adapter in position at the end of the induction port so that the mouthpiece
end of the inhaler, when inserted, lines up along the horizontal axis of the induction port. The
front face of the inhaler mouthpiece is flush with the front face of the induction port, producing
an airtight seal. When attached to the mouthpiece adapter, the inhaler should be positioned in
the same orientation as intended for use. Connect the apparatus to a flow system according to
the scheme specified in Figure 5. 
Unless otherwise prescribed, conduct the test at the flow rate used in the test for Delivered-
Dose Uniformity drawing 4 L of air from the mouthpiece of the inhaler and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
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volumetric flow leaving the meter, or calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For a meter calibrated for the entering volumetric flow (Qin), use the
formula:

Qout = QinP0/(P0 – DP)

where P0 is the atmospheric pressure and DP is the pressure drop over the meter. Adjust the
flow control valve to achieve steady flow through the system at the required rate, Qout (±5%).
Ensure that critical flow occurs in the flow-control valve by the procedure described for
Apparatus 2. Adjust the timer controlling the operation of the two-way solenoid valve so that it
opens the valve for the same duration, T, as used during testing for Delivered-Dose Uniformity.
Prime or load the dry powder inhaler with powder for inhalation according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
inhaler mouthpiece, held horizontally, into the induction port mouthpiece adapter. Discharge the
powder into the apparatus by activating the timer and opening the two-way solenoid valve for
the required duration, T(±5%). After the two-way solenoid valve has closed, remove the
inhaler from the mouthpiece adapter. If additional doses are required for the sample, reload the
inhaler according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses have been discharged.
After discharge of the last dose, switch off the vacuum pump. 
Dismantle the apparatus, and recover drug for analysis as follows: remove the induction port
and mouthpiece adapter from the preseparator and extract the drug into an aliquot of solvent;
if used, remove the preseparator from the impactor, without spilling the solvent into the
impactor; and recover the active ingredient from all inner surfaces. 
Open the impactor by releasing the handle and lifting the lid. Remove the cup tray, with the
collection cups, and recover the active ingredient from each cup into an aliquot of solvent.
Using the method of analysis specified in the individual monograph, determine the mass of drug
contained in each of the aliquots of solvent. 
Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q = Qout employed in the test by the formula:

D50,Q = D50,Qn (Qn/Q)X, (Eq. 2)

where D50,Q is the cutoff diameter at the flow rate, Qemployed in the test, and the subscript,
n, refers to the nominal or reference value for Qn = 60 L of air per minute (see Table 7). The
values for the exponent, x, are listed in Table 7. Thus, when Q = 40 L of air per minute, the
cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 4.46 µm × (60/40)0.52 = 5.51 µm.

Analyze the data as directed under Data Analysis.

Table 7. Cutoff Aerodynamic Diameter for Stages of Apparatus 5 and 6

Use Eq. 2 to calculate D50,Q for flow rates, Q, in the range 30 to 100 L per minute with
Qn = 60 L per minute.

Stage D50,Qn x

1 8.06 0.54
2 4.46 0.52
3 2.82 0.50
4 1.66 0.47
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5 0.94 0.53
6 0.55 0.60
7 0.34 0.67

Fig. 9. Apparatus 5 (shown with the preseparator in place).

Fig. 9a. Components of Apparatus 5.

Fig. 9b. Layout of interstage passageways of Apparatus 5.

Fig. 9c. Nozzle configuration of Apparatus 5.

Fig. 9d. Pre-separator layout for Apparatus 5.

Apparatus 6 for Metered-Dose Inhalers—

Design—Apparatus 6 is identical to Apparatus 5 (Figures 9–9d), except that the preseparator is
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not to be used. Use this apparatus at a flow rate of 30 L per minute (±5%), unless otherwise
prescribed in the individual monograph.

Procedure—Assemble the apparatus without the preseparator. Place cups into the apertures in
the cup tray. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with seal body attached, and
operate the handle to lock the impactor together so that the system is airtight. Connect an
induction port with internal dimensions as defined in Figure 4a to the impactor inlet. Use a
mouthpiece adapter that ensures that the tip of the inhaler mouthpiece is flush with the open
end of the induction port. Turn on the vacuum pump to draw air through the cascade impactor,
and calibrate the airflow through the system with an appropriate flowmeter attached to the
open end of the induction port. Adjust the flow-control valve on the vacuum pump to achieve
steady flow through the system at the required rate, and ensure that the airflow through the
system is within ±5% of this flow rate. Unless otherwise prescribed in the patient instructions,
shake the inhaler for 5 seconds, and discharge one delivery to waste. With the vacuum pump
running, insert the mouthpiece into the mouthpiece adapter, and immediately fire the minimum
recommended dose into the cascade impactor. Keep the valve depressed for a duration
sufficient to ensure that the dose has been completely discharged. If additional sprays are
required for the sample, shake the inhaler, reinsert it into the mouthpiece adapter, and
immediately fire the next minimum recommended dose. 
Repeat until the required number of doses have been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of Aerodynamic Size Distribution. [Note—The number of minimum recommended
doses is typically not greater than 10. ] After the last dose has been discharged, remove the
inhaler from the mouthpiece adapter. Rinse the mouthpiece adapter and induction port with a
suitable solvent, and dilute quantitatively to an appropriate volume. 
Dismantle the apparatus, and recover the drug for analysis as follows: remove the induction
port and mouthpiece adapter from the apparatus, and recover the deposited drug into an
aliquot of solvent; open the impactor by releasing the handle and lifting the lid; remove the cup
tray, with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using the method of analysis specified in the individual monograph, determine the
quantity of active ingredient contained in each of the aliquots of solvent. 
Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q employed in the test by using Eq. 2 with values obtained from Table 7. Thus, when Q = 30 L
of air per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,30LPM = 4.46 µm × (60/30)0.52 = 6.40 µm.

To analyze the data, proceed as directed under Data Analysis.

Data Analysis

This section describes the data analysis required to define the Aerodynamic Size Distribution of
the drug output from the test inhaler, after the use of Apparatus 1, 2, 3, 4, 5, or 6. Enter the
data collected from Apparatus 1, 2, 3, 4, 5, or 6 in the table of mass summaries as shown in
Table 8. Perform only those calculations specified in the individual monograph.

Table 8. Table of Mass Summaries for Analyses of Metered-Dose Inhalers and Dry
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Powder Inhalers
Mass Apparatus

1
Apparatus

2
Apparatus

3a
Apparatus

4b
Apparatus

5d
Apparatus 6d

Mouthpiece adapter A i — AiA i — Ai — Ai — Ai — Ai —

Preseparator — — — — AP — — — AP — — —

Stage 0 of impactor A0 B0 — — A0 B0 — — — — — —

Stage 1 of
impactor/impinger

A1 B1 A1 — A1 B1 A1 — A1 B1 A1 B1

Stage 2 of
impactor/impinger

A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2

Stage 3 of
impactor/impinger

A3 B3 A3 B3 A3 B3 A3 B3 A3 B3 A3 B3

Stage 4 of
impactor/impinger

A4 B4 A4 B4 A4 B4 A4 B4 A4 B4 A4 B4

Stage 5 of
impactor/impinger

A5 B5 A5 B5 A5 B5 — — A5 B5 A5 B5

Stage 6 of
impactor/impinger

A6 B6 — — A6 B6 — — A6 B6 A6 B6

Stage 7 of
impactor/impinger

A7 B7 — — A7 B7 — — A7 B7 A7 B7

Filter AF BF AF BF AF BF AF BF AF BF AF BF

Sums of Masses SAc SBc SAc SBc SAc SBc SAc SBc SAc SBc SAc SBc

a  Stages 6 and 7 are omitted from Apparatus 3 at airflow rates >60 L per minute.
b  Stage 5 of Apparatus 4 is the filter stage (see Figure 8).
c  SA is the total drug mass recovered from the apparatus; SB is the mass of drug recovered from the impactor (Apparatus 1, 3,
5 and 6) or from the impactor stages beneath the uppermost stage (Apparatus 2 and 4).
d  For Apparatus 5 and 6, values for the drug masses AF and BF refer to collections from the MOC, and/or the after-filter if used.

CALCULATIONS

Fine Particle Dose and Fine Particle Fraction—Calculate the total mass, SA, of drug
delivered from the mouthpiece of the inhaler into the apparatus. Then calculate the total mass,
R, of drug found on the stages of the apparatus and the filter that captured the drug in the
fine particle size range appropriate for the particular drug being tested. The Fine Particle Dose
is calculated by the formula:

R/n

where R is as stated above, and n is the number of doses discharged during the test. The Fine
Particle Fraction that would be delivered from the inhaler is then calculated by the formula:

R/SA

.

Cumulative Percentage (Cum%) of Drug Mass Less Than Stated Aerodynamic Diameter
—Construct Table 9 by dividing the mass of drug on the filter stage by SB (see Table 8).
Multiply the quotient by 100, and enter this number as a percentage opposite the effective
cutoff diameter of the stage immediately above it in the impactor or impinger stack. For
Apparatus 2 or 4, use Equation 1 to calculate the stage cutoff diameters, D50,Q, at the airflow
rate, Q, employed during the test. For Apparatus 5 and 6, use Equation 2 with Table 7. For
Apparatus 1, use the cutoff diameters quoted by the manufacturer. For Apparatus 3, present
the data as cumulative percentages of mass on and below the stated stage, and avoid
assigning values to stage cutoff diameters. 
Repeat the calculation for each of the stages in the impactor or impinger stack, in reverse
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numerical order (largest to smallest stage number). For each stage, calculate the cumulative
percentage of mass less than the stated aerodynamic diameter by adding the percentage of
the mass on that stage to the total percentage from the stages below and entering the value
opposite the effective cutoff diameter of the stage above it in the stack. Thus, the percentage
of drug on the filter can be seen to have aerodynamic diameters less than the cutoff diameter
of the stage above the filter, and the percentage on the filter plus the percentage on the
stage above have diameters less than the cutoff diameter of the stage above that, and so on.
Repeat the calculation for each of the remaining stages in reverse numerical order (see Table
9).

Table 9. Cumulative Percentage (Cum%) of Mass Less than the Stated Aerodynamic
Diameter

 Apparatus 1 Apparatus 2
Apparatus 3a Apparatus 4b Apparatus 5 Apparatus 6

Mass
Cum%c D50d Cum%c D50,Qd Cum%c D50,Qe Cum%c D50,Qd Cum%c D50,Qd Cum%c D50,Qd

Filter  0.4  0.625  0.4  1.7  0.34  0.34
Stage 7 b 0.7 — — b 0.7 — — b 0.55 b 0.55
Stage 6 c 1.1 — — c 1.1 — — c 0.94 c 0.94
Stage 5 d 2.1 b 1.25 d 2.1 — — d 1.66 d 1.66
Stage 4 e 3.3 c 2.5 e 3.3 b 3.1 e 2.82 e 2.82
Stage 3 f 4.7 d 5.0 f 4.7 c 6.8 f 4.46 f 4.46
Stage 2 g 5.8 100 10.0 g 5.8 100 13.0 g 8.06 g 8.06
Stage 1 h 9.0 — — h 9.0 — — — — — —
Stage 0 100 — — — 100 — — — 100 — 100 —
a  Stages 6 and 7 are omitted from Apparatus 3 at flow rates >60 L per minute; thus, values for b and c should be omitted for Apparatus 3, where necessary.
b  The filter stage in Apparatus 4 is Stage 5 (see Figure 8).
c   [(mass on stage / SB)×100] % + (total% of SB from stages below).
d  The 50% cutoff diameter of the stage immediately above that indicated (e.g., for Stage 4, enter the cutoff diameter for Stage 3; for Apparatus 2 or 4, calculate as D50,Q  from Eq. 1;

for Apparatus 5 or 6 , calculate as D50,Q from Eq. 2 using Table 7). Values entered in the Table are correct for Apparatus 1, 2, 4, 5, and 6 only when used at 28.3, 60.0, 60.0, 60.0, and
60.0 L per minute, respectively.
e  The D50 values are only valid at a flow rate of 28.3 L per minute.

If necessary, and where appropriate, plot the percentage of mass less than the stated
aerodynamic diameters, versus the aerodynamic diameter, D50,Q, on log probability paper.
Calculate the GSD by the equation:

Use these data and/or plot to determine values for MMAD and GSD etc., as appropriate and
when necessary (see Figure 10).

Fig. 10. Plot of cumulative percentage of mass less than stated aerodynamic diameter
(probability scale) versus aerodynamic diameter (log scale).
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INTRODUCTION

The major performance measures for nasal and inhalation aerosols, sprays, and powders relate
to dose delivery to the patient, including delivered-dose uniformity and relevant measures of
particle size (optical or aerodynamic) depending on the dosage form. Each of these is described
in the following sections. A nomenclature table appears in Inhalation and Nasal Drug Products—

General Information and Product Quality Tests 5 , from which the descriptive terms for
various dosage forms can be obtained.

A. DELIVERED-DOSE UNIFORMITY

A.1 Nasal Aerosols and Nasal Sprays

The following test is applicable to nasal aerosols and sprays formulated as nonaqueous or
aqueous suspensions or solutions of drug, presented typically in multidose containers, and
fitted with dose-metering valves or pumps. In all cases and for all tests, prepare and test the
spray as directed in the labeling and the instructions for use.

A.1.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT

Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses collected at the beginning of unit life, and also at the end of unit life, will be
determined from each of 10 separate containers. This represents a total of 20 determinations.
These measurements shall be made after priming as described in the labeling or instructions for
use. The number of doses not to exceed 2 sprays. , must meet the following acceptance
criteria: not more than 2 of the 20 doses are outside the range of 80%–120% of label claim,
and none are outside the range of 75%–125% of label claim, while the mean for each of the
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beginning and end doses falls within the range of 85%–115% of label claim. If 3–6 doses of the
20 doses collected are outside of 80%–120% of the label claim, but none are outside of 75%–
125% of label claim, and the means for each of the beginning and end doses fall within 85%–
115% of label claim, select 20 additional containers for second-tier testing; each container to
be tested at the beginning and end of the label claim. For second-tier testing, the requirements
are met if not more than 6 of the total 60 doses collected are outside the range of 80%–120%
of label claim, none are outside the range of 75%–125% of label claim, and the means for each
of the beginning and end doses fall within the range of 85%–115% of label claim(i.e., a total of
20 determinations).

A.1.1.1 Sampling the delivered dose from nasal sprays

Procedure—To ensure reproducible in vitro dose collection, it is recommended that a
mechanical means of actuating the metering system or pump assembly be used to deliver doses
for collection. The mechanical actuation procedure should have adequate controls for the
critical mechanical actuation parameters (e.g., actuation force, actuation speed, stroke length,
rest periods, etc.)(e.g., actuation force, actuation speed, stroke length, and rest periods). The
test must be performed on units that have been thoroughly shaken and primed according to the
patient-use instructions. The test unit should be actuated in a vertical or near-vertical, valve-
up position. The dose collected at the beginning of each of the 10 test containers should be
the dose immediately following priming, and the dose collected at the end of each container's
life should correspond to the last label claim number of doses from the same container. The
doses between the two sequential test samples should be disposed of appropriately. 
For suspension products, the dose should be delivered into a suitable container (e.g.,
scintillation vial) in which quantitative transfer from the container under test can be
accomplished. A validated analytical method is employed to determine the amount of drug in
each delivered dose, and data are reported as a percent of label claim. For solution products,
the delivered dose can be determined gravimetrically from the weight of the delivered dose and
the concentration and density of the fill solution of the product under test.

A.1.1.2 Sampling the delivered dose from nasal aerosols: See A.2.1.1 Sampling the
Delivered Dose from Inhalation Aerosols and Inhalation Sprays.

A.2 Inhalation Aerosols and Inhalation Sprays

The following tests are applicable to inhalation aerosols (commonly known as metered-dose
inhalers) and inhalation sprays. Inhalation aerosols are formulated as suspensions or solutions of
a drug substance in propellants and possibly other suitable excipients and are presented as
multidose units. Inhalation sprays typically are aqueous-based liquid formulations packaged in a

compact container–closure system containing an integral spray pump unit. Refer to 5  for
additional information. The following test methods are specific to these products and may
require modification when analysts test alternative inhalation technologies (for example,
breath-actuated inhalation aerosols or inhalation sprays). However, pharmacopeial requirements
for all dose-metered inhalation dosage forms require determination of the delivered dose and
aerodynamic size distribution. In all cases and for all tests prepare and test the product as
directed on the label and the instructions for use. When these directions are not provided by
the product manufacturer, follow the precise dose-discharge directions included in the following
tests.
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A.2.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT

The test for Delivered-Dose Uniformity is required for inhalation aerosols and inhalation sprays
containing drug formulation (e.g., solution or suspension) either in device-metered or in pre-
metered unit presentations. The test for Delivered-Dose Uniformity includes dose uniformity
over the entire unit life. (For products packaged in pre-metered dosage units, see also

Uniformity of Dosage Units 905 .) A dose in this test is defined as the minimum
recommended number of sprays specified in the product labeling or instructions for use but not
more than two sprays. For inhalation aerosols and inhalation sprays, the target-delivered dose
is specified by the label claim, unless otherwise specified in the individual monograph. Its value
reflects the expected mean drug content for a large number of delivered doses collected from
many units of the product using the method specified in the monograph. 
Unless otherwise directed in the individual monograph, the drug content of the delivered doses
collected at the beginning of unit life (after priming as described on the label or instructions for
use) and end of unit life of the label claim, will be determined from each of 10 separate
containers, must meet the following acceptance criteria: not more than 2 of the 20 doses are
outside the range of 80%–120% of label claim, and none are outside the range of 75%–125% of
label claim, while the mean for each of the beginning and end doses falls within the range of
85%–115% of label claim. If 3–6 doses of the 20 doses collected are outside of 80%–120% of
the label claim, but none are outside of 75%–125% of label claim, and the means for each of
the beginning and end doses fall within 85%–115% of label claim, select 20 additional
containers for second-tier testing; each container to be tested at the beginning and end of the
label claim. For second-tier testing, the requirements are met if not more than 6 of the total 60
doses collected are outside the range of 80%–120% of label claim, none are outside the range
of 75%–125% of label claim, and the mean for each of the beginning and end doses fall within
the range of 85%–115% of label claim (i.e., a total of 20 determinations).

A.2.1.1 Sampling the delivered dose from inhalation aerosols and inhalation sprays

Procedure—To determine the content of active ingredient in the discharged plume from an
inhalation aerosol and inhalation spray, use the sampling Apparatus A (see Figure 1) described
below. Prepare the product for use according to the label instructions for shaking, priming, and
firing. Unless otherwise specified in the individual monograph, with the vacuum pump running,
ensuring an airflow rate through the product device of 28.3 L of air per minute (±5%),
discharge the minimum recommended actuations into the apparatus through the mouthpiece
adapter by actuating the metering system for a duration sufficient to ensure that the dose has
been completely discharged. The volume of air sampled should not exceed 2 L. The dose
collected from each of the 10 test containers should be the dose immediately following priming,
and the dose collected at the end of each container's life should be the last dose according to
the label claim. Unless otherwise prescribed in the patient instructions, shake the product for 5
s, and collect the first actuation following priming. Wait for 5 s and collect the next actuation,
if justified. The doses between the two sequential test samples (i.e., beginning and end of
container life) should be disposed of appropriately. Note that for inhalation aerosols the rate of
discharges to waste should not cause excessive canister cooling. Following separate collections
of the minimum number of actuations from each unit at each sequential test sample, detach
the product from Apparatus A (see Figure 1), and disconnect the vacuum. Separately assay
the contents of the apparatus for drug at the beginning and end sequential test samples after
rinsing the filter and the interior of the apparatus with a suitable solvent.
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Apparatus A—The sampling apparatus (see Figure 1) consists of a filter support base with an
open-mesh filter support such as a stainless steel screen, a collection tube that is clamped or
screwed to the filter support base, and a mouthpiece adapter to ensure an airtight seal
between the collection tube and the mouthpiece. Use a mouthpiece adapter that ensures that
the opening of the product’s mouthpiece is flush with the front face or 2.5-mm indented
shoulder in the sample collection tube, as appropriate. The vacuum connector is connected to
a system comprising a vacuum source, flow regulator, and flowmeter. The source should be
capable of pulling air through the complete assembly, including the filter and the product to be
tested, at the desired flow rate. During tests of inhalation aerosols, air should be drawn
continuously through the system to avoid loss of drug into the atmosphere. The filter support
base is designed to accommodate 25-mm diameter filter disks. At the airflow used, the sample
collection tube and the filter disk must be capable of quantitatively collecting the delivered
dose. The filter disk and other materials used in the construction of the apparatus must be
compatible with the drug and the solvents that are used to extract the drug from the filter.
One end of the collection tube is designed to hold the filter disk tightly against the filter
support base. When assembled, the joints between the components of the apparatus are
airtight so that when a vacuum is applied to the base of the filter, all of the air drawn through
the collection device passes through the product device.

Figure 1. Sampling apparatus for inhalation aerosols and sprays.

A.3 Nasal Powders

The following test is applicable to nasal powders presented in pre-metered and device-metered
units. In all cases and for all tests, prepare and test the powder as directed in the labeling and
the instructions for use.

A.3.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT

Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered doses from each of 10 separate containers will be determined at the beginning of unit
life and again at the label claim number of metered doses. This represents a total of 20
determinations, must meet the following acceptance criteria: not more than 2 of the 20 doses
are outside the range of 80%–120% of label claim, and none are outside the range of 75%–
125% of label claim, while the mean for each of the beginning and end doses falls within the
range of 85%–115% of label claim. If 3–6 doses of the 20 doses collected are outside of 80%–
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120% of the label claim, but none are outside of 75%–125% of label claim, and the means for
each of the beginning and end doses fall within 85%–115% of label claim, select 20 additional
containers for second-tier testing; each unit to be tested at the beginning and end of the label
claim. For second-tier testing, the requirements are met if not more than 6 of the total 60
doses collected are outside the range of 80%–120% of label claim, none are outside the range
of 75%–125% of label claim, and the means for each of the beginning and end doses fall within
the range of 85%–115% of label claimFor nasal powders packaged in single-dose units,
Delivered-Dose Uniformity can be applied on 10 dosage units.

A.3.1.1 Sampling the delivered dose from nasal powders: To ensure reproducible in vitro
dose collection, it is recommended that appropriate means of actuating the device assembly be
used to deliver doses for collection. The test unit should be actuated in a vertical or near-
vertical position. The two separate doses collected include the first dose and the dose
corresponding to the last labeled dose from each of 10 units. The doses between the two
sequential test samples for each unit should be disposed of appropriately. A validated analytical
method is used to determine the amount of drug in each delivered dose, and data are reported
as a percentage of label claim. Apparatus B (Figure 2) is recommended for nasal powders.

A.4 Inhalation Powders

The following tests are applicable to inhalation powders (commonly known as dry powder
inhalers) presented as pre-metered or device-metered units. Pharmacopeial requirements for all
these drug products require determination of the delivered dose and aerodynamic size
distribution. In all cases and for all tests, prepare and test the product as directed in the
labeling and the instructions for use. When these directions are not provided by the product
manufacturer, follow the precise dose-discharge directions included in the following tests.

A.4.1 DELIVERED-DOSE UNIFORMITY OF PRODUCT

The test for Delivered-dose Uniformity is required for inhalation powders in device-metered and
in pre-metered (including ordered multiple-dose) presentations as labeled for use with the
specified delivery system. The test for Delivered-dose Uniformity includes dose uniformity over

the entire unit life. (For formulations packaged in pre-metered dosage units, see also 905 .)
Note that the target delivered dose is the expected mean drug content for a large number of
delivered doses collected from many units under defined experimental conditions. In many
cases, the target value may depend on the manner in which the test for delivered dose is
performed. For inhalation powders, where the label claim usually is the pre-metered or metered
dose of drug, the target delivered dose is specified in the individual monograph and usually is
less than the label claim. Its value reflects the expected mean drug content for a large number
of delivered doses collected from the product using the method specified in the monograph. 
Unless otherwise directed in the individual monograph, the drug content of the minimum
delivered dose from each of 10 separate units is determined in accordance with the procedure
described as follows. 
The test for Delivered-dose Uniformity over the entire unit life is required for drug products
packaged in device-metered or in ordered multiple-dose assembliesmetering units of pre-
metered dosage units that have a predetermined dose sequence. 
Unless otherwise directed in the individual monograph, the drug content of the delivered doses
will be collected at the beginning of unit life and again at the label claim number of doses. Two
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determinations will be obtained from each of 10 separate drug product units. This represents a
total of 20 determinations, must meet the following acceptance criteria: not more than 2 of the
20 doses are outside the range of 80%–120% of target delivered label claim, and none are
outside the range of 75%–125% of target delivered label claim, while the mean for each of the
beginning and end doses falls within the range of 85%–115% of target delivered label claim. If
3–6 doses of the 20 doses collected are outside of 80%–120% of the target delivered label
claim, but none are outside of 75%–125% of target delivered label claim, and the means for
each of the beginning and end doses fall within 85%–115% of target delivered label claim,
select 20 additional units for second-tier testing; each container to be tested at the beginning
and end of the label claim. For second-tier testing, the requirements are met if not more than 6
of the total 60 doses collected are outside the range of 80%–120% of target delivered label
claim, none are outside the range of 75%–125% of target delivered label claim, and the means
for each of the beginning and end doses fall within the range of 85%–115% of target delivered
label claim 
For inhalation powders packaged in single dosage form units, Delivered-Dose Uniformity can be
applied on 10 dosage units. and must meet the following acceptance criteria: not more than 1
of the 10 doses are outside the range of 80%–120% of target delivered label claim, and none
are outside the range of 75%–125% of target delivered label claim, while the mean of doses
falls within the range of 85%–115% of target delivered label claim. If 2–3 doses of the 10 doses
collected are outside of 80%–120% of the target delivered label claim, but none are outside of
75%–125% of target delivered label claim, and the mean falls within 85%–115% of target
delivered label claim, select 20 additional units for second-tier testing. For second-tier testing,
the requirements are met if not more than 3 of the total 30 doses collected are outside the
range of 80%–120% of target delivered label claim, none are outside the range of 75%–125%
of target delivered label claim, and the mean falls within the range of 85%–115% of target
delivered label claim.

A.4.1.1 Sampling the delivered dose from inhalation Powders: To determine the content
of active ingredient emitted from the mouthpiece of an inhalation powder, use Apparatus B (see
Figure 2). This apparatus is capable of sampling the emitted doses at a variety of airflow rates.

Figure 2. Apparatus B: Sampling apparatus for inhalation powders. (See Table 1 for component
specifications.)

Table 1. Component Specifications for Apparatus B (see Figure 2)

Code Item Description Dimensions

A Sample
collection
tubea

See Figure 2 34.85-mm ID × 12-cm length

B Filterb See Figure 2 47-mm glass fiber filter
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C Connector (e.g., short
metal coupling
with low-
diameter
branch to P3)

8-mm ID

D Vacuum tubing (e.g., silicon
tubing with an
outside
diameter of 14
mm and an
internal
diameter of 8
mm)

A length of suitable tubing 8 mm ID with an internal

volume of 25 ± 5 mL

E Two-way
solenoid valvec

See Figure 2 2-way, 2-port solenoid valve having an ID 8 mm

and an opening response time of 100 milliseconds.

F Vacuum pumpd See Figure 2 Pump must be capable of drawing the required flow
rate through the assembled apparatus with the
inhalation powder in the mouthpiece adapter.
Connect the pump to the solenoid valve using short
and wide ( 10-mm ID) vacuum tubing and

connectors to minimize pump capacity requirements.
G Timere See Figure 2 The timer switches current directly to the solenoid

valve for the required duration.
P1 Pressure tap See Figure 2 2.2-mm ID, 3.1-mm OD flush with the internal

surface of the sample collection tube, centered and
burr free, 59 mm from its inlet. The pressure taps P1,
P2, and P3 must not be open to the atmosphere
during dose collection.

P1, P2,
P3

Pressure
measurementsf — —

H Flow-control
valveg

See Figure 2 Adjustable regulating valve with maximum Cv
  1h
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a  An example is a Millipore product number XX40 047 00 (Millipore Corporation, 80 Ashby Road,

Bedford, MA 01732) modified so that the exit tube has an ID  8-mm, fitted with Gelman
product number 61631.
b  A/E (Gelman Sciences Inc., 600 South Wagner Road, Ann Arbor, MI 48106) or equivalent.
c  ASCO product number 8030G13, Automatic Switch Company, 60 Hanover Road, Florham
Park, NJ 07932.
d  Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
e  Eaton Product number 45610-400 (Eaton Corporation, Automotive Products Division, 901
South 12th Street, Watertown, WI 53094) or equivalent.
f  An example is a PDM 210 pressure meter (Air-Neotronics Ltd., Neotronics Technology plc,
Parsonage Road, Takeley, Bishop's Stortford, CM22 6PU, UK) or equivalent.
g  Parker Hannifin type 8FV12LNSS (Parker Hannifin plc., Riverside Road, Barnstable, Devon
EX31 1NP, UK) or equivalent.
h  Flow Coefficient, as defined by ISA S75.02 Control valve capacity test procedure in
Standards and Recommended Practices for Instrumentation and Control, 10th ed., Vol. 2,
1989. Published by Instrument Society of America, 67 Alexander Drive, PO Box 1227, Research
Triangle Park, NC 27709, USA.

Apparatus B—The apparatus is similar to that described in Figure 1 for testing inhalation
aerosols. In this case, however, the filter and collection tube have a larger internal diameter to
accommodate 47-mm diameter filter disks. This feature enables dosage collection at higher
airflow rates—up to 100 L of air/min—when necessary. A mouthpiece adapter ensures an
airtight seal between the collection tube and the mouthpiece of the inhalation powder being
tested. The mouthpiece adapter must ensure that the tip of the product's mouthpiece is flush
with the open end of the sample collection tube. Tubing connectors, if they are used, should

have an internal diameter 8 mm to preclude their own internal diameters from creating
significant airflow resistance. A vacuum pump with excess capacity must be selected in order
to draw air at the designated volumetric flow rate through both the sampling apparatus and the
product simultaneously. A timer-controlled, low-resistance, solenoid-operated, two-way valve
is interposed between the vacuum pump and the flow-control valve to control the duration of
flow. This type of valve enables 4.0 L of air (±5%) to be withdrawn from the mouthpiece of the
product at the designated flow rate. Flow control is achieved by ensuring that critical (sonic)

flow occurs in the flow-control valve (absolute pressure ratio P3/P2 is 0.5 under conditions of
steady-state flow).

Procedure—Operate the apparatus at an airflow rate that produces a pressure drop of 4 kPa
(40.8 cm H2O) over the product to be tested and for a period consistent with the withdrawal of
2 L of air from the mouthpiece of the product. [Note—If the flow rate and duration are defined
otherwise in the monograph, adjust the system to within 5% of those values.] The volume of
air sampled should not exceed 2 L. Determine the test flow rate using Apparatus B as follows.
Insert the product into the mouthpiece adapter to ensure an airtight seal. In cases where the
drug packaging modifies the product’s resistance to airflow, use a loaded, drug-free device
(with previously emptied packaging). In other cases, use an unloaded (drug-free) device.
Connect one port of a differential pressure transducer to the pressure tap, P1, and leave the
other open to the atmosphere. Switch on the pump, and open the two-way solenoid valve.
Adjust the flow-control valve until the pressure drop across the product is 4.0 kPa (40.8 cm
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H2O). Ensure that critical (sonic) flow occurs in the flow-control valve by determining the

individual values for absolute pressure, P2 and P3, so that their ratio P3/P2 is 0.5. If this
criterion cannot be achieved, it is likely that the vacuum pump is worn or of insufficient
capacity.If this ratio of P3/P2 is not achieved, switch to a more powerful pump and remeasure
the test flow rate. Critical (sonic) flow conditions in the flow-control valve are required in order
to ensure that the volumetric airflow drawn from the mouthpiece is unaffected by pump
fluctuations and changes in airflow resistance of the product. Remove the product from the
mouthpiece adapter and, without disturbing the flow-control valve, measure the airflow rate
drawn from the mouthpiece, Qout, by connecting a flowmeter to the mouthpiece adaptor in an
airtight fashion. Use a flowmeter calibrated for the volumetric flow leaving the meter in an
airtight fashion to directly determine Qout or, if such a meter is unobtainable, calculate the
volumetric flow leaving the meter (Qout) using the ideal gas law. For example, for a meter
calibrated for the entering volumetric flow (Qin) calculate:

Qout = QinP0/(P0  DP)

P0 = atmospheric pressure 
DP = pressure drop over the meter

If the flow rate is >100 L of air/min, adjust the flow-control valve until Qout equals 100 L/min;
otherwise, record the value of Qout, and leave the flow-control valve undisturbed. Define the
test flow duration, T = 240/QoutDefine the test flow duration, e.g., at 60 L/min T = 120/Qout, in
seconds, so that a volume of 2.0 L of air (±5%) is withdrawn from the product at the test flow
rate Qout, and adjust the timer controlling the operation of the two-way solenoid valve
accordingly. Prime or load the device with powder for inhalation according to the labeled
instructions. With the vacuum pump running and the solenoid valve closed, insert the product's
mouthpiece horizontally into the mouthpiece adapter. Discharge the powder into the sampling
apparatus by activating the timer controlling the solenoid valve and withdrawing 2.0 L of air

from the product at the previously defined airflow rate. Repeat the whole operation n  1 times
beginning with the text, “Prime or load the device with powder,” where n is the number of times
defined in the labeling as the minimum recommended dose. Detach the inhalation powder device
container from the sampling apparatus, and disconnect the vacuum tubing, D. Assay the
contents of the apparatus for drug after rinsing the filter and the interior of the apparatus with
a suitable solvent. Where specified in the individual monograph, perform this test under
conditions of controlled temperature and humidity.

B. DROPLET/PARTICLE SIZE DISTRIBUTION—NASAL AEROSOLS, SPRAYS, AND POWDERS

For suspension and solution nasal aerosols, sprays, and powders, the emitted droplet/particle
size distribution should be determined for the delivered plume subsequent to delivery under
specified experimental conditions. If a laser diffraction method is used (for more detail, refer to
the description of this method in the following section), droplet size distribution can be
controlled in terms of ranges for the 10th (D10), 50th (D50), and 90th (D90) percentiles of the
cumulative volume (mass)-weighed size distribution, as well as the span of the distribution,
expressed as [(D90 – D10)/D50], and the percentage of droplets less than 10 µm. Note that D50

is identical with the volume (mass) median diameter if the distribution is unimodal. Appropriate
and validated or calibrated emitted droplet/particle size analytical procedures should be
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described in sufficient detail to allow accurate and reproducible assessment including the
following:

complete information about the apparatus and accessories
theoretical model (Lorenz–Mie or Fraunhofer approximation)
the application of a disabling option for one or more of the innermost detectors to
mitigate beam steering effects (only applicable to nasal aerosols)
software version
sample placement with respect to the optical bench of the laser diffractometer
measurement range
beam width
laser trigger condition in connection with the initiation and termination of the
measurement sequence
lower limit of detection (if laser triggering is not used)
and obscuration limit (upper bound of detection range in terms of particle
concentration).

For solution nasal sprays, acceptance testing for droplet size distribution on incoming pump lots
with placebo formulation can substitute for the release testing of droplet size distribution for
the drug product, if justified (i.e., droplet size distribution from pumps with drug product
formulation and with placebo are the same). The acceptance criteria for the drug product must
be stated.

B. 1 Particle Size Measurement by Laser Diffraction

Nasal drug products intended for topical application to the nasal cavity produce liquid droplets
that typically are much larger than the operating range for multistage inertial impactors. Thus,
laser diffraction (sometimes referred to as low-angle laser light scattering) is an acceptable
alternative for determining the size distribution because there is no need to relate the size
scale to aerodynamic diameter. 
The theory and operating principles for laser diffraction are well described in ISO 13320:2009.
These systems use the light scattering pattern produced by passage of a cloud of droplets
through the measurement zone to develop the volume-weighted size distribution in an iterative
process in which a theoretical model (either Fraunhofer or Lorenz–Mie) is used to interpret the
data. The process is summarized schematically in Figure 3. [Note—If the Lorenz–Mie model
option is chosen, it will be necessary to input values for the real (refraction) and imaginary
(absorption) components of refractive index for the liquid being studied. Manufacturers of laser
diffraction equipment provide this information for commonly encountered liquid media either on
their website or upon enquiry.]

Figure 3. Conversion of light scattering data into a droplet size distribution by laser
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diffractometry.

An apparatus that has the capability to assess aerosols or sprays is required. [Note—not all
commercially available laser diffractions possess this capability.] Set up the measurement
system in accordance with the procedure outlined schematically in Figure 4.

Figure 4. Setup for laser diffractometry with a nasal drug product.

Nasal drug product sprays generally are measured with an open-bench arrangement with an
automated actuation station set-up so that reproducibility in inhaler operation from one
actuation to the next can be optimized. This precaution is particularly important for the most
accurate measurements with nasal spray pumps. Check the alignment of the inhaler with the
optical configuration of the laser diffractometer using the tools provided by the manufacturer to
optimize alignment of the optical bench. Check that the light beam obscuration is within the
upper and lower limits specified by the manufacturer, consulting the operator's manual for the
laser diffraction system being used. Vacuum extraction is required to efficiently remove droplets
after they pass through the laser. An unrepresentative result may occur if this value is set too
low (typically < 5%). Unquantifiable error due to multiple scattering will happen if the
obscuration is above the recommended upper limit. [Note—This limit varies from one
manufacturer to another and may also vary from one laser diffractometer system to another
from the same manufacturer.] 
Make as many replicates as needed to achieve a representative data set. Inspect each size
distribution presented, ideally in differential volume-weighted format or equivalent to assess
whether or not it is unimodal and symmetrical. [Note—The following data analysis assumes that
these criteria are met. If not, additional analysis taking into account the presence of more than
one mode in the distribution or skewness may be required.] 
Assuming that the density of the liquid under investigation is constant irrespective of droplet
size, the volume-weighted size distributions may be treated as mass-weighted size distributions
for the purpose of data interpretation. From the cumulative volume–size distribution data,
calculate the mean and one standard deviation for the sizes that correspond to mass fractions
less than 10%, 50%, and 90% of the distribution (D10, D50, and D90).

C. AERODYNAMIC SIZE DISTRIBUTION—INHALATION AEROSOLS, SPRAYS, AND POWDERS

C.1 General Principles of Aerodynamic Particle Size Measurement

The particle or droplet size distribution in the plume discharged from inhalation aerosols and
sprays and the particle size distribution in the cloud discharged from inhalation powders are
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important characteristics used in judging product performance. Although particle size
measurement by microscopy can be used to evaluate the number of large particles,
agglomerates, and foreign particulates in the emissions of inhalation aerosols and sprays, (e.g.,
Epinephrine Bitartrate Inhalation Aerosol) whenever possible this test should be replaced with a
method to determine the aerodynamic size distribution of the drug aerosol leaving the product.
The aerodynamic diameter of an aerosol particle is equal to the diameter of a sphere of unit
density whose gravimetric settling velocity is the same. The aerodynamic size distribution
defines the manner in which an aerosol deposits during inhalation. In use, many inhalers
discharge drug in the form of large particles or droplets (the ballistic fraction) that leave the
inhaler at high velocity and impact in and are captured by the moist surfaces in the mouth and
throat. The remainder of the discharge from the inhaler is useful aerosol, a “nonballistic
fraction” that is inhaled into the remainder of the respiratory tract.

When there is a log-normal distribution, the aerodynamic size distribution may be characterized
by the mass of drug substance collected in the impactor, mass median aerodynamic diameter
(MMAD) and geometric standard deviation (GSD) and the nonballistic fraction (NBF). NBF is
defined as: “The fraction of the mass of drug discharged from the inhaler that represents the
area under the log-normal curve that is described by the MMAD and GSD for that distribution.”
The aerodynamic size distribution of the drug leaving inhalation aerosols and sprays and
inhalation powders is determined using Apparatus 1, 2, 3, 4, 5, or 6 as specified in this chapter.
For practical purposes, the NBF is the fraction of the mass of drug discharged from the inhaler,
which has passed through the induction port (and pre-separator) and is captured and measured
in the cascade impactor/impinger and final filter.

“Fine particle dose” and “fine particle fraction” are terms that may be used to describe the
cumulative mass captured in the cascade impactor/impinger and final filter, which is smaller
than a stated aerodynamic particle size. There may be a relationship between these terms and
the drug dose or that fraction of the drug dose that enters the lung during inhalation. Individual
monographs may also define the emitted fractions of the delivered dose in more than one
aerodynamic size range.

Cascade impaction devices classify aerosol particles and droplets on the basis of those
particles’ aerodynamic diameters. The principle of their operation whereby they separate
aerosol particles and droplets from a moving airstream on the basis of particle or droplet inertia
is shown in Figure 5. Because the dimensions of the induction port used to connect products to
the cascade impactors and impingers (shown in Apparatus 1, 2, 3, 4, 5, and 6) also define the
mass of drug that enters the aerodynamic sizing device, these are carefully defined and, where
possible, are held constant between each apparatus (see Figures 6, 7, 8, 9, 10, and 11).
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Figure 5. Schematic representation of the principle of operation of cascade impactors. (A single
jet per impactor stage is shown. Impactors with multiple jets in each stage function in the

same manner.)

C.1.1 STAGE MENSURATION

Manufacturers of cascade impaction devices provide a definitive calibration for the separation
characteristics of each impaction stage in terms of the relationship between the stage
collection efficiency and the aerodynamic diameter of particles and droplets passing through it
as an aerosol. Calibration is a property of the jet dimensions, the spatial arrangement of the jet
and its collection surface, and the airflow rate passing through it. Because jets can corrode
and wear over time, the critical dimensions of each stage, which define that impaction stage’s
calibration, must be measured on a regular basis. This process, known as stage mensuration,
replaces the need for repetitive calibration using standard aerosols and ensures that only
devices that conform to specifications are used for testing product output. The process
involves the measurement and adjustment of the critical dimensions of the instrument.

C.1.2 INTERSTAGE DRUG LOSSES (WALL LOSSES)

Where method variations are possible and there is no apparatus specified in the monograph, the
selected procedure should ensure that NMT 5% of the product’s total delivered drug mass (into
the impactor) is subject to loss between the impaction device’s sample collection surfaces. In
the event that interstage drug losses are known to be >5%, either the procedure should be
performed in such a way that wall losses are included along with the associated collection
plate, or an alternative apparatus should be used. As an example, the following procedures
described for Apparatus 1 and 3 have been written to include wall losses along with the

associated collection plate. Provided, however, that such losses are known to be 5% of the
total delivered drug mass into the impactor and that there are no instructions to the contrary
in an individual monograph, the procedure may be simplified by assaying only drug on the
collection plates.

C.1.3 RE-ENTRAINMENT
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Where method variations are possible, the selected method should seek to minimize particle re-
entrainment (from an upper to a lower impaction stage) on stages that contribute to size
fractions defined in the individual monograph, especially where this may affect the amounts of
drug collected. Minimizing the number of sampled doses, using coated particle-collection
surfaces, and proving that multiple-dose procedures produce results that are statistically similar
to those from smaller numbers of doses are all methods that can be used for this purpose. In
the event that re-entrainment cannot be avoided, the number of doses collected, the time
interval between doses, and the total duration of airflow through the cascade impaction device
should be standardized. Under these circumstances, the presentation of impaction data should
not presume the validity of the impactor's calibration (i.e., aerodynamic diameter ranges should
not be assigned to drug masses collected on specific stages). 
By using appropriate assay methods and a suitable mensurated impaction device, analysts can
determine aerodynamic particle size distributions for drugs leaving the mouthpieces of inhalation
aerosols and sprays or inhalation powders. If temperature or humidity limits for use of the
product are stated on the label, it may be necessary to control the temperature and humidity
of the air surrounding and passing through the device to conform to those limits. Ambient
conditions are presumed unless otherwise specified in individual monographs.

C.1.4 MASS BALANCE

In addition to the size distribution, good analytical practice dictates that a mass balance be
performed in order to confirm that the amount of the drug discharged from the product and
captured and measured in the induction port through the after-filter of the cascade impactor
apparatus is within an acceptable range around the measured delivered dose. The result for the
recovered mass can be expressed on a per-actuation basis as a percent of the labeled
delivered dose, which represents the dose delivered from the mouthpiece. 
The total mass of drug collected in all of the components (material balance) divided by the
total number of minimum recommended doses discharged typically is NLT 85% and NMT 115% of
the target delivered label claim. This is not a test of the product but serves to ensure that the
test results are valid.

Procedure  
Use one of the following multistage impaction devices, or an equivalent, to determine
aerodynamic particle size distributions of drugs leaving the mouthpieces of inhalation aerosols
and sprays or inhalation powders. Apparatus 1 and 6 [Figures 6 and 11 (without pre-
separator), respectively] are intended for use with inhalation aerosols and sprays at a single
airflow rate. Apparatus 2, 3, 4, and 5 (Figures 8, 9, 10, and 11, respectively) are intended for
use with inhalation powders at the appropriate airflow rate, Qout, determined earlier, provided
that the value of Qout falls in the range 30–100 L/min. [Note—If Qout is >100 L/min, testing
should be performed with Qout set at 100 L/min; if Qout is less than 30 L/min, testing should be
performed with Qout at 30 L/min.] 
Table 2 indicates the apparatus used to determine aerodynamic particle size and the products
that they are used to evaluate.

Table 2. Aerodynamic Particle Size Apparatus: 
Their Description and the Products That They Can Be Used to Evaluate

Apparatus Description Product
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1
Andersen (8-Stage Non-Viable) Impactor (without pre-
separator)

Inhalation aerosols
and sprays

2
Andersen Impactor (with pre-separator) Marple-Miller
Impactor Inhalation powders

3
Marple Miller Impactor Anderson (8-Stage Non-Viable)
Impactor (with pre-separator) Inhalation powders

4 Multistage Liquid Impinger Inhalation powders
5 Next Generation Impactor (with pre-separator) Inhalation powders

6 Next Generation Impactor (without pre-separator)
Inhalation aerosols
and sprays

Table 3. Cut-off Values for All Impactors at Specified Flow Rates 
a. Cut-Points for Apparatus 1 and 3 with Standard Configuration for Operation at 28.3

L/min Compared with Specialized Configurations for Use at 60 L/min and 90 L/min

Stage 28.3 L/min 60 L/min 90 L/min

2 — — 8.0

1 — 8.6 6.5

0a 9.0 6.5 5.2

1 5.8 4.4 3.5
2 4.7 3.2 2.6
3 3.3 1.9 1.7
4 2.1 1.2 1.0
5 1.1 0.55 0.22
6 0.7 0.26 —
7 0.4 — —

a  The version of stage 0 used at 60 and 90 L/min has external modification permitting another
stage rather than the inlet adapter cone to be fitted above it. Its internal characteristics and
performance are unaltered. 

b. Cut-points (µm) for Apparatus 2 at 60 and 90 L/min

Stage
Flow Rate

(60 L/min)
Flow Rate

(90 L/min)

1 10.0 8.1
2 5.0 4.0
3 2.5 2.0
4 1.25 1.0
5 0.63 0.5

c. Cut-points (µm) for Apparatus 4 at 60 L/min

Stage
Flow Rate

(60 L/min)

1 13.0
2 6.8
3 3.1
4 1.7
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d. Cut-points (µm) for Apparatus 5 and 6 at 30, 60, and 100 L/min

Stage
Flow Rate

(30 L/min)
Flow Rate

(60 L/min)
Flow Rate

(100 L/min)

1 11.76 8.06 6.12
2 6.40 4.46 3.42
3 3.97 2.82 2.18
4 2.30 1.66 1.31
5 1.36 0.94 0.72
6 0.83 0.55 0.40
7 0.54 0.34 0.24

MOCa 0.36 0.14 0.07

a  MOC = Micro-orifice collector. Sizes correspond to 80% collection efficiency for this back-
up stage. 

C.2 Apparatus 1 for Inhalation Aerosols and Sprays—Andersen Impactor (without pre-
separator)

Use Apparatus 1, or an equivalent, at a flow rate of 28.3 L/min (±5%) as specified by the
manufacturer of the cascade impactor.

C.2.1 DESIGN—APPARATUS 1

The design and assembly of this apparatus and the induction port to connect the impactor to a
product are shown in Figures 6, 6a, and 6b.1

Figure 6. Apparatus 1: Assembly of induction port and entrance cone mounted on cascade
impactor.

Figure 6a. Apparatus 1: Expanded view of induction port for use with inhalation aerosols and
sprays and inhalation powders.

PF 39(1): Jan.-Feb. 2013 150



Figure 6b. Apparatus 1: Expanded view of the entrance cone for mounting induction port on the
Andersen cascade impactor without pre-separator. Material can be aluminum, stainless steel, or

other suitable material. Surface roughness (Ra) should be approximately 0.4 µm.

Manufacturers' critical engineering dimensions for the stages of Apparatus 1 are provided in
Table 3Table 4. During use, some occlusion and blockage of jet nozzles may occur, and
therefore, in-use mensuration tolerances must be justified.

Table 3Table 4. Critical Dimensions for the Jet Nozzles of Apparatus 1

Stage Number Number of Jets
Nozzle Diameter 

(mm)

0 96 2.55 ± 0.025
1 96 1.89 ± 0.025
2 400 0.914 ± 0.01270.013
3 400 0.711 ± 0.01270.013
4 400 0.533 ± 0.01270.013
5 400 0.343 ± 0.01270.013
6 400 0.254 ± 0.01270.013
7 201 0.254 ± 0.01270.013

C.2.2 PROCEDURE—APPARATUS 1

Set up the multistage cascade impactor as described in the manufacturer's literature with an
after-filter below the final stage to capture any fine particles that otherwise would escape from
the device. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
solvent unless this has been demonstrated to be unnecessary. Attach the induction port and
mouthpiece adapter to produce an airtight seal between the product mouthpiece and the
induction port as shown in Figure 6. Use a mouthpiece adapter that ensures that the tip of the
product's mouthpiece is flush with the open end of the induction port. Ensure that the various
stages of the cascade impactor are connected with airtight seals to prevent leaks. Turn on the
vacuum pump to draw air through the cascade impactor, and calibrate the airflow through the
system with an appropriate flowmeter attached to the open end of the induction port. Adjust
the flow-control valve on the vacuum pump to achieve steady flow through the system at the
required rate, and ensure that the airflow through the system is within ±5% of the flow rate
specified by the manufacturer. Unless otherwise prescribed in the patient instructions, shake
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the product for 5 s and discharge one delivery to waste. With the vacuum pump running, insert
the mouthpiece into the mouthpiece adapter and immediately fire the minimum recommended
dose into the cascade impactor. Keep the valve depressed for a duration sufficient to ensure
that the dose has been completely discharged. If additional sprays are required for the sample,
wait for 5 s before removing the product from the mouthpiece adapter, shake the product,
reinsert it into the mouthpiece adapter, and immediately fire the next minimum recommended
dose. Repeat until the required number of doses havehas been discharged. The number of
minimum recommended doses discharged must be sufficient to ensure an accurate and precise
determination of aerodynamic size distribution. [Note—The number of minimum recommended
doses typically is not >10.] After the last dose has been discharged, remove the product from
the mouthpiece adapter. Rinse the mouthpiece adapter and the induction port with a suitable
solvent, and dilute quantitatively to an appropriate volume. Disassemble the cascade impactor,
place each stage and its associated collection plate or filter in a separate container, and rinse
the drug from each of them. [Note—If it has been determined that wall losses in the impactor

are 5%, then only the collection plates may be usedneed to be analyzed.] Dilute each
quantitatively to an appropriate volume. Using the method of analysis specified in the individual
monograph, determine the mass of drug collected in each of the components. To analyze the
data, proceed as directed under Data Analysis.

C.3 Apparatus 2 for Inhalation Powders—Marple Miller Impactor

C.3.1 DESIGN—APPARATUS 2

The design and assembly of Apparatus 2 and the induction port to connect the impactor to the
product are shown in Figure 8.2 [Note—The induction port is shown in detail in Figure 6a.] The
impactor has five impaction stages and an after-filter. At a volumetric airflow rate of 60 L/min
(the nominal flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 1–5 are 10, 5,
2.5, 1.25, and 0.625 µm, respectively. The after-filter effectively retains aerosolized drug in the
particle size range up to 0.625 µm. Set up the multistage cascade impactor with the control
system as specified in Figure 7. To ensure efficient particle capture, coat the particle collection
surface of each stage with glycerol, silicone oil, or other suitable liquid typically deposited from
a volatile solvent unless this has been demonstrated to be unnecessary. Assemble the impactor
as described in the manufacturer's literature with an after-filter below the final stage to
capture any fine particles that otherwise would escape from the device. Attach the induction
port and mouthpiece adapter to produce an airtight seal between the product's mouthpiece and
the induction port. Use a mouthpiece adapter that ensures that the tip of the product's
mouthpiece is flush with the open end of the induction port. Ensure that the various stages of
the cascade impactor are connected with airtight seals to prevent leaks. 
Turn on the vacuum pump, open the solenoid valve, and calibrate the airflow through the
system as follows. Connect a flowmeter to the induction port. Use a flowmeter calibrated for
the volumetric flow leaving the meter to directly determine Qout, or, if such a meter is
unobtainable, calculate the volumetric flow leaving the meter (Qout) using the ideal gas law. For
example, for a meter calibrated for the entering volumetric flow (Qin), calculate:

Qout = QinP0/(P0 – DP)

P0 = atmospheric pressure 
DP = pressure drop over the meter
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Adjust the flow-control valve to achieve a steady flow through the system at the required
rate, Qout, so that Qout is within ±5% of the value determined during testing for Delivered-Dose
Uniformity. Ensure that critical flow occurs in the flow-control valve at the airflow rate to be
used during testing by using the following procedure. With the product in place, and the
intended flow running, measure the absolute pressure on both sides of the flow-control valve

(P2 and P3 in Figure 9Figure 7). A ratio of P3/P2 0.5 indicates critical flow. Switch to a more
powerful pump, and remeasure the test flow rate if P3/P2 greater than 0.5.If this ratio of P3/P2
is not achieved, switch to a more powerful pump, and remeasure the test flow rate. Adjust the
timer controlling the operation of the two-way solenoid valve so that it opens this valve for a
duration of T seconds as determined during testing for Delivered-Dose Uniformity. Prime or load
the inhalation powder according to the labeled instructions. With the vacuum pump running and
the two-way solenoid valve closed, insert the product's mouthpiece, held horizontally, into the
induction port mouthpiece adapter. Discharge the powder into the apparatus by opening the
two-way solenoid valve for a duration of T seconds. After the two-way solenoid valve has
closed, remove the product from the mouthpiece adapter. If additional doses are required for
the sample, reload the product according to the labeled instructions, reinsert the mouthpiece
into the mouthpiece adapter, and repeat the operation until the required number of doses has
been discharged. After discharge of the last dose, switch off the vacuum pump. Rinse the
mouthpiece adapter and induction port with a suitable solvent, and quantitatively dilute to an
appropriate volume. Disassemble the cascade impactor, and place the after-filter in a separate
container. Rinse the drug from each of the stages and the filter, and quantitatively dilute each
to an appropriate volume. Using the method of analysis specified in the individual monograph,
determine the mass of drug collected in each of the components. Determine the cutoff
diameters of each of the individual stages of the impactor, at the value of Q = Qout used in the
test by the formula:

D50,Q = D50,Qn(Qn/Q)1/2 (Eq. 1)

where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal values determined when Qn equals 60 L per minute. Thus, when Q equals
40 L per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 5 µm × [60/40]1/2 = 6.1 µm

Figure 7. Apparatus 2, 3, 4, or 5: General control equipment. (See Table 4Table 6 for
component specifications.)
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Figure 8. Apparatus 2: Assembly of induction port, stage collector, and filter holder. (Marple-
Miller impactor, Model 160 with USP induction port.)

Table 5. Critical Dimensions for the Jet Nozzles of Apparatus 2

Stage Number Number of Jets
Nozzle Diameter

(mm)

1 1 16.8 ± 0.05
2 20 3.40 ± 0.03
3 40 1.70 ± 0.01
4 80 0.84 ± 0.01
5 160 0.41 ± 0.01

C.3.2 PROCEDURE—APPARATUS 2

Perform the test using Apparatus 2 at the airflow rate, Qout determined earlier during testing for

Delivered-Dose Uniformity provided Qout is 100 L/min. [Note—If Qout is >100 L/min, use an
airflow rate of 100 L/min.] Connect the apparatus to a flow control system that is based on
critical (sonic) flow as specified in Figure 7 (see also Table 4Table 6 ).

Table 4Table 6. Component Specifications for Figure 7

Code Item Description Dimensions

A Connector e.g., short
metal coupling
with low
diameter
branch to P3

 8-mm ID

B Vacuum
tubing

e.g., silicon
tubing with an
outside
diameter of 14
mm and an
internal
diameter of 8
mm

A length of suitable tubing 8 mm ID with an internal

volume of 25 ± 5 mL

C Two-way
solenoid
valvea

See Figure 7 2-way, 2-port solenoid valve having an ID 8 mm

and an opening response time of 100 milliseconds
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D Vacuum
pumpb

See Figure 7 Pump must be capable of drawing the required flow
rate through the assembled apparatus with the dry
powder inhaler in the mouthpiece adapter. Connect
the pump to the solenoid valve using short and wide
(  10-mm ID) vacuum tubing and connectors to

minimize pump capacity requirements.
E Timerc See Figure 7 The timer switches current directly to the solenoid

valve for the required duration.
P2, P3 Pressure

measurements
 Determined under steady-state flow conditions with

an absolute pressure transducer
F Flow control

valved
See Figure 7 Adjustable regulating valve with maximum CV

  1

a  An example is ASCO product number 8030G13 (Automatic Switch Company, 60 Hanover
Road, Florham Park, NJ 07932) or equivalent. See also footnote h in Table 1.
b  Gast product type 1023, 1423, or 2565 (Gast Manufacturing Inc., PO Box 97, Benton
Harbor, MI 49022) or equivalent.
c  An example is Eaton Product number 45610-400 (Eaton Corporation, Automotive Products
Division, 901 South 12th Street, Watertown, WI 53094) or equivalent.
d  Parker Hannifin type 8FV12LNSS or equivalent (Parker Hannifin plc, Riverside Road,
Barnstable, Devon EX31 1NP, UK). See also footnote h in Table 1.

Under steady flow conditions at the appropriate volumetric airflow rate through the entire
apparatus ensure that critical (sonic) flow occurs in the flow control valve by determining the

individual values for absolute pressure, P2 and P3, so that the ratio P3/P2 is 0.5. If this ratio
of P3/P2 is not achieved, switch to a more powerful pump, and remeasure the test flow rate.
Coat the particle collection surface of each of the stages of the cascade impactor to ensure
that particles that have impacted on a given stage are not re-entrained in the flowing
airstream unless this has been shown to be unnecessary. Analyze the data as directed under
Data Analysis.

C.4 Apparatus 3 for Inhalation Powders—Andersen Impactor (with pre-separator)

C.4.1 DESIGN—APPARATUS 3

Apparatus 3 is identical to Apparatus 1 (Figure 6) except that the manufacturer's pre-separator
is added atop Stage 0 to collect large masses of noninhalable powder prior to their entry into
the impactor, and the outlet nipple used to connect to vacuum tubing B (Figure 7) is replaced

with one having an internal diameter  8 mm. To connect the pre-separator of the impactor to
the induction port (Figure 6a), use a specially designed top for the pre-separator. This is
shown in Figure 9.3 The impactor, therefore, has eight stages, a pre-separator (to collect large
particulates), and an after-filter. At a volumetric airflow rate of 28.3 L per minute (the nominal
flow rate, Qn), the cutoff aerodynamic diameters D50,Qn of Stages 0 to 7 are 9.0, 5.8, 4.7, 3.3,
2.1, 1.1, 0.7, and 0.4 µm, respectively. The after filter effectively retains aerosolized drug in
the particle size range up to 0.4 µm.A pre-separator may not be required for certain engineered
powders, notably those of low bulk density. Connect the cascade impactor into the control
system specified in Figure 7. Omit Stage 6 and Stage 7 from the impactor if the test flow rate,

Qout, used during testing for Delivered-Dose Uniformity was  60 L/min. To ensure efficient
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particle capture, coat the particle collection surface of each stage with glycerol, silicone oil, or
other suitable liquid typically deposited from a volatile solvent unless this has been
demonstrated to be unnecessary. Assemble the impactor as described in the manufacturer's
literature with an after-filter below the final stage to capture any fine particles that otherwise
would escape from the device. Place an appropriate volume (up to 10 mL) of an appropriate
solvent into the pre-separator, or coat the particle collection surfaces of the pre-separator to
prevent re-entrainment of impacted particles. [Caution—Some solvents form flammable vapor–
air mixtures that may be ignited during passage through a vacuum pump. Take appropriate
precautions (alternative solvents, use of vapor traps, minimal pump operating times, etc.) to
ensure operator safety during testing.] Attach a molded mouthpiece adapter to the end of the
induction port to produce an airtight seal between the product’s mouthpiece and the induction
port. Use a mouthpiece adapter that ensures that the tip of the product’s mouthpiece is flush
with the open end of the induction port. Ensure that the various stages of the cascade
impactor are connected with airtight seals to prevent leaks. 
Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the airflow through
the system as follows. Prime or load the inhalation powder according to the labeled
instructions. With the vacuum pump running and the two-way solenoid valve closed, insert the
product’s mouthpiece, held horizontally, into the induction port mouthpiece adapter. Once the
product is positioned, discharge the powder into the apparatus by activating the timer and
opening the two-way solenoid valve for the required duration, T ±5%, as determined during
testing for Delivered-Dose Uniformity. After the two-way solenoid valve has closed, remove the
product from the mouthpiece adapter. If additional doses are required for the sample, reload
the inhalation powder according to the labeled instructions, reinsert the mouthpiece into the
mouthpiece adapter, and repeat the operation until the required number of doses has been
discharged. After discharge of the last dose, remove the product from the mouthpiece adapter,
and switch off the vacuum pump. 
Carefully disassemble the apparatus. Using a suitable solvent, rinse the drug from the
mouthpiece adapter, induction port, and pre-separator, and quantitatively dilute to an
appropriate volume. Rinse the drug from each stage and the impaction plate immediately below
into appropriately sized flasks. Quantitatively dilute each flask to an appropriate volume. Using
the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples. The aerodynamic cutoff diameters of the individual stages of
this device, in the airflow range between 30 and 100 L per minute, are currently not well
established. Do not use the formula in Equation 1 to calculate cutoff diameters.

Figure 9. Apparatus 3: Expanded views of top for the Andersen pre-separator adapted to the
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USP induction port. Material may be aluminum, stainless steel, or other suitable material;
interior bore should be polished to surface roughness (Ra) approximately 0.4 µm.

C.4.2 PROCEDURE—APPARATUS 3

Proceed as directed in the Procedure under Apparatus 2, except use Apparatus 3.

C.5 Apparatus 4 for Inhalation Powders—Multistage Liquid Impinger

Note—Apparatus 4, the multistage liquid impinger, has a small number of stages and is used
extensively outside the United States. It is provided here for the benefit of users in countries
other than the United States.

C.5.1 DESIGN—APPARATUS 4

The design and assembly of Apparatus 4 are shown in Figures 10, 10a, and 10b.4 The induction
port used to connect the impinger to a product is shown in Figure 6a. The device is a
multistage liquid impinger consisting of impaction Stages 1, 2, 3, and 4 and an integral after-
filter (Stage 5). The collection stages of the liquid impinger (see Figure 10 and Table 5Table 7 )
are kept moist, unlike those of traditional impactors such as Apparatus 1, 2, 3, 5, and 6.
Wetting may produce an effect similar to coating the stages of Apparatus 2, 3, 5, and 6 at
certain flow rates, although this should be confirmed by demonstrating control over re-
entrainment as described earlier. An impaction stage comprises an upper horizontal metal
partition wall (B) through which a metal inlet jet tube (A) with its impaction plate (D) is
protruding; a glass cylinder (E) with sampling port (F), forming the vertical wall of the stage;
and a lower horizontal metal partition wall (G) through which a jet tube (H) connects to the
lower stage. The tube into Stage 4 (U) ends in a multi-jet arrangement. The impaction plate
(D) is secured in a metal frame (J), which is fastened by two wires (K) to a sleeve (L) secured
on the jet tube (C). For more detail of the jet tube and impaction plate, see Figure 10a. The
horizontal plane of the collection plate is perpendicular to the axis of the jet tube and is
centrally aligned. The upper surface of the impaction plate is slightly raised above the edge of
the metal frame. A recess around the perimeter of the horizontal partition wall guides the
position of the glass cylinder. The glass cylinders are sealed against the horizontal partition
walls with gaskets (M) and are clamped together by six bolts (N). The sampling ports are sealed
by stoppers. The bottom side of the lower partition wall of Stage 4 has a concentric protrusion
fitted with a rubber O-ring (P) that seals against the edge of a filter placed in the filter holder.
The filter holder (R) is a basin with a concentric recess in which a perforated filter support (S)
is flush-fitted. The filter holder is designed for 76-mm diameter filters. The whole impaction
stage assembly is clamped onto the filter holder by two snap locks (T). The impinger is
equipped with an induction port (Figure 6a) that fits onto the Stage 1 inlet jet tube. A rubber
O-ring on the jet tube provides an airtight connection to the induction port. An elastomeric
mouthpiece adapter to fit the product being tested provides an airtight seal between the
product's mouthpiece and the induction port. 
At a volumetric airflow rate of 60 L per minute (the nominal flow rate, Qn), the cutoff
aerodynamic diameters D50,Qn of Stages 1 to 4 are 13.0, 6.8, 3.1, and 1.7 µm, respectively. The
after filter effectively retains aerosolized drug in the particle size range up to 1.7 µm. Ensure
that Apparatus 4 is clean and free of drug solution from any previous tests. Place a 76-mm
diameter filter in the filter stage, and assemble the apparatus. Use a low-pressure filter capable
of quantitatively collecting the passing drug aerosol, which also allows a quantitative recovery
of the collected drug. Set up Apparatus 4 using the control system as specified in Figure 7.
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Attach the induction port (Figure 6a) and mouthpiece adapter to produce an airtight seal
between the product mouthpiece and the induction port. Use a mouthpiece adapter that
ensures that the tip of the product's mouthpiece is flush with the open end of the induction
port. Ensure that the various stages of the apparatus are connected with airtight seals to
prevent leaks. Turn on the vacuum pump, open the two-way solenoid valve, and calibrate the
airflow through the system as follows. Connect a flowmeter calibrated for the volumetric flow
rate leaving the meter to the induction port. Adjust the flow-control valve to achieve a steady
flow through the system at the required rate, Qout, so that Qout is within ±5% of the value
determined during testing for Delivered-Dose Uniformity. Ensure that critical flow occurs in the
flow-control valve at the value of Qout that will be used during testing, using the following
procedure. With the product in place and the intended flow running, measure the absolute

pressure on both sides of the flow-control valve (P2 and P3 in Figure 7). A ratio of P3/P2 0.5
indicates critical flow. Switch to a more powerful pump, and remeasure the test flow rate if
P3/P2 >0.5.If this ratio of P3/P2 is not achieved, switch to a more powerful pump, and
remeasure the test flow rate. Adjust the timer controlling the operation of the two-way
solenoid valve so that it opens that valve for the same duration, T, as used during testing for
Delivered-Dose Uniformity. Dispense 20 mL of a solvent that is capable of dissolving the drug
into each of the four upper stages of Apparatus 4, and replace the stoppers. [Caution—Some
solvents form flammable vapor–air mixtures that may be ignited during passage through a
vacuum pump. Take appropriate precautions (alternative solvents, use of vapor traps, minimal
pump operating times, etc.) to ensure operator safety during testing.] Tilt the apparatus to
wet the stoppers, thereby neutralizing their electrostatic charge. Adjust the timer controlling
the operation of the two-way solenoid valve so that it opens the valve for the same duration,
T, as used during testing for Delivered-Dose Uniformity. Prime or load the inhalation powder
according to the labeled instructions. With the vacuum pump running and the two-way solenoid
valve closed, insert the product's mouthpiece, held horizontally, into the induction port
mouthpiece adapter. Discharge the powder into the apparatus by activating the timer and
opening the two-way solenoid valve for the required duration, T ±5%. After the two-way
solenoid valve has closed, remove the product from the mouthpiece adapter. If additional doses
are required for the sample, reload the inhalation powder according to the labeled instructions,
reinsert the mouthpiece into the mouthpiece adapter, and repeat the operation until the
required number of doses has been discharged. After discharge of the last dose, switch off the
vacuum pump. 
Dismantle the filter stage of Apparatus 4. Carefully remove the filter (Figure 10b), and extract
the drug with solvent. Rinse the mouthpiece adapter and induction port with a suitable solvent,
and quantitatively dilute to an appropriate volume. Rinse the inside of the inlet jet tube to
Stage 1 (Figure 10), allowing the solvent to flow into the stage. Rinse the drug from the inner
walls and the collection plate of each of the four upper stages of the apparatus into the
solution in the respective stage by tilting and rotating the apparatus while ensuring that no
liquid transfer occurs between the stages. Using the method of analysis specified in the
individual monograph, determine the mass of drug collected in each of the six volumes of
solvent. Ensure that the method corrects for possible evaporation of the solvent during the
test. This may involve the use of an internal standard (of known original concentration in the
solvent and assayed at the same time as the drug) or the quantitative transfer of the liquid
contents from each of the stages, followed by dilution to a known volume. Determine the cutoff
diameters of each of the individual stages of the impactor, at the value of Q = Qout used in the
test by the formula:
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D50,Q = D50,Qn (Qn/Q)1/2

where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal values determined when Qn equals 60 L of air per minute. Thus, when Q
equals 40 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 6.8 µm × (60/40)1/2 = 8.3 µm

Using the method of analysis specified in the individual monograph, determine the mass of drug
collected in each of the samples.

Figure 10. Apparatus 4: Schematic of multistage liquid impinger. (See Table 5 for component
specifications.)

Table 5Table 7. Component Units of Multistage Liquid Impinger 
(see Figure 10, Figure 10a, and Figure 10b)

Code Item Description

Dimensions
(in mm unless

otherwise
stated)

A, H Jet tube Metal tube screwed onto partition wall sealed by
gasket (C), polished inner surface

see Figure 10a

B, G Partition
wall

Circular metal plate, diameter 120

  Thickness see Figure 10a
C Gasket e.g., PTFE to fit jet tube
D Impaction

plate
Porosity O sintered-glass disk,  

  Diameter see Figure 10a
E Glass

cylinder
Plane polished cut glass tube  

  Height, including gaskets 46
  Outer diameter 100
  Wall thickness 3.5
  Sampling port (F) diameter 18
  Stopper in sampling port ISO 24/25
J Metal

frame
l-Profiled circular frame with slit  

  Inner diameter to fit impaction plate
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  Height 4
  Thickness of horizontal section 0.5
  Thickness of vertical section 2
K Wire Steel wire interconnecting metal frame and sleeve

(two for each frame)
 

  Diameter 1
L Sleeve Metal sleeve secured on jet tube by screw  
  Inner diameter to fit jet tube
  Height 6
  Thickness 5
M Gasket e.g., silicone to fit glass cylinder
N Bolt Metal bolt with nut (six pairs), length 205
  Diameter 4
P O-ring Rubber O-ring, diameter × thickness 66.34 × 2.62
Q O-ring Rubber O-ring, diameter × thickness 29.1 × 1.6
R Filter

holder
Metal housing with stand and outlet see Figure 10b

S Filter
support

Perforated sheet metal, diameter 65

  Hole diameter 3
  Distance between holes (center-points) 4
T Snap-

locks
  

U Multi-jet
tube

Jet tube (H) ending in multijet arrangement see inserts Figure 10a

V Outlet Outlet and nozzle for connection to vacuum Internal diameter 

10 (Figure 10b)

Figure 10a. Apparatus 4: Details of jet tube and impaction plate. Inserts show end of multi-jet
tube U leading to Stage 4. (See Table 6Table 8 for dimension specifications.)

Table 6. Apparatus 4: Dimensionsa of Jet Tube with Impaction Plate (see Figure 10a)

Type Codeb Stage 1 Stage 2 Stage 3 Stage 4
Filter (Stage

5)

Distance 1 9.5 ( .0, +.5) 5.5 ( .0,
+.5)

4.0 ( .0,
+.5)

6.0 ( .0,
+.5)

n.a.
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Distance 2 26 31 33 30.5 0
Distance 3 8 5 5 5 5
Distance 4 3 3 3 3 n.a.
Distance 5 0 3 3 3 3
Distance 6c 20 25 25 25 25

Distance 7 n.a. n.a. n.a. 8.5 n.a.
Diameter c 25 14 8.0(±0.1) 21 14
Diameter d 50 30 20 30 n.a.
Diameter e 27.9 16.5 10.5 23.9 n.a.
Diameter f 31.75 ( .05,

+.00)

22 14 31 22

Diameter g 25.4 21 13 30 21
Diameter h n.a. n.a. n.a. 2.70 (±.05) n.a.
Diameter j n.a. n.a. n.a. 6.3 n.a.
Diameter k n.a. n.a. n.a. 12.6 n.a.

Radiusd r 16 22 27 28.5 0

Radiusd s 46 46 46 46 n.a.

Radiusd t n.a. 50 50 50 50

Angle w 10 53 53 53 53
Angle u n.a. n.a. n.a. 45 n.a.

Angle v n.a. n.a. n.a. 60 n.a.

a Measurements in mm with tolerances according to ISO 2768-m, unless otherwise stated.
b See Figure 10a.
c Including gasket.
d Relative centerline of stage compartment; n.a.: not applicable.

Table 8: Apparatus 4—Dimensions of Multi-stage Liquid Impinger

Stage Number of Nozzles
Diameter

(mm)

  Nominal Value Tolerance (±)
1 1 25.0 0.1a

2 1 14.0 0.1a

3 1 8.0 0.1a

4 Inlet 7 6.3a 0.1a

Outlet 2.7a 0.05a

a  Courtesy of Copley Scientific Ltd,. Nottingham, UK. 
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Figure 10b. Apparatus 4: Expanded view of Stage 5. (See Table 5Table 7 for component
specifications.)

C.5.2 PROCEDURE—APPARATUS 4

Proceed as directed in the Procedure under Apparatus 2, except to use Apparatus 4.

C.6 Apparatus 5 for Inhalation Powders—Next Generation Impactor (with pre-
separator)

C.6.1 DESIGN—APPARATUS 5

The design and assembly of Apparatus 55 are shown in Figures 11, 11a, 11b, 11c, and 11d. The
induction port used to connect the impactor to a product is shown in Figure 6a. The device is a
cascade impactor with seven stages and a micro-orifice collector (MOC). Over the design flow-
rate range of 30 to 100 L per minute, the 50% efficiency cut-off diameters of the stages (D50

values) range between 0.24 µm to 11.7 µm, evenly spaced on a logarithmic scale. In the design
flow-rate range, there are always at least five stages with D50 values between 0.5 µm and 6.5
µm. The collection efficiency curves for each stage are sharp and minimize overlap between
stages. Material can be aluminum, stainless steel, or other suitable material. 
The impactor layout has removable impaction cups with all the cups in one plane (Figures
11–11c). There are three main sections to the impactor: the bottom frame that holds the
impaction cups, the seal body that holds the jets, and the lid that contains the interstage
passageways (shown in Figures 11–11b). Multiple nozzles are used at all but the first stage
(11c). The flow passes through the impactor in a saw-tooth pattern. 
Stage mensuration is performed periodically together with confirmation of other dimensions
critical to the effective operation of the impactor. Critical dimensions are provided in Table
7Table 9.

Table 7Table 9. Critical Dimensions for Apparatus 5 and 6

Description
Dimension

(mm)

pre-separator (see Dimension a in Figure 11d) 12.80 ± 0.05
Stage 1a nozzle diameter 14.30 ± 0.05

Stage 2a nozzle diameter 4.88 ± 0.04

Stage 3a nozzle diameter 2.185 ± 0.02

Stage 4a nozzle diameter 1.207 ± 0.01

Stage 5a nozzle diameter 0.608 ± 0.01

Stage 6a nozzle diameter 0.323 ± 0.01

Stage 7a nozzle diameter 0.206 ± 0.01
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MOCa Approximately 0.070

Optional cup depth (see Dimension b in Figure 11b) 14.625 ± 0.10
Collection cup surface roughness 0.5–2 µm
Stage 1 nozzle to seal body distance (see Dimension c)b 0 ± 1.18

Stage 2 nozzle to seal body distance (see Dimension c)b 5.236 ± 0.736

Stage 3 nozzle to seal body distance (see Dimension c)b 8.445 ± 0.410

Stage 4 nozzle to seal body distance (see Dimension c)b 11.379 ± 0.237

Stage 5 nozzle to seal body distance (see Dimension c)b 13.176 ± 0.341

Stage 6 nozzle to seal body distance (see Dimension c)b 13.999 ± 0.071

Stage 7 nozzle to seal body distance (see Dimension c)b 14.000 ± 0.071

Optional: MOC nozzle to seal body distanceb 14.429–14.571

a  See Figure 11c. MOC = Micro-orifice collector.
b  See Figure 11b.

In routine operation, the seal body and lid are held together as a single assembly. The
impaction cups are accessible when this assembly is opened at the end of a product test. The
cups are held in a support tray so that all cups can be removed from the impactor
simultaneously by lifting out the tray. 
An induction port with internal dimensions identical to those defined in Figure 6a is connected
to the impactor inlet. When necessary with inhalation powders, a pre-separator can be added
to avoid overloading the first stage. This pre-separator connects between the induction port
and the impactor. A suitable mouthpiece adapter is used to provide an airtight seal between
the product’s mouthpiece and the induction port. 
At a volumetric airflow rate of 60 L per minute (the assigned reference flow rate for cutoff-
diameter calculations, Qn), the cutoff-aerodynamic diameters D50,Qn, of Stages 1 to 7 are 8.06,
4.46, 2.82, 1.66, 0.94, 0.55, and 0.34 µm, respectively. The apparatus contains a terminal MOC
that for most formulations may eliminate the need for a final filter if this capability is
demonstrated by method validation. The MOC is an impactor nozzle plate and collection cup.
The nozzle plate contains, nominally, 4032 jets, each approximately 70 µm in diameter. Most
particles not captured on Stage 7 of the impactor will be captured on the cup surface below
the MOC. (For impactors operated at 60 L per minute, the MOC is capable of collecting 80% of
0.14-µm particles). There is an optional filter holder that can replace the MOC for formulations
with a significant fraction of particles not captured by the MOC. Alternately, an after–filter
(glass fiber is often suitable) can be placed in a filter holder external to Apparatus 5 and 6,
which is located downstream of the MOC.
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Figure 11. Apparatus 5 (shown with the pre-separator in place).

Figure 11a. Components of Apparatus 5.

Figure 11b. Layout of interstage passageways of Apparatus 5.

Figure 11c. Nozzle configuration of Apparatus 5.

Figure 11d. pre-separator layout for Apparatus 5.

C.6.2 PROCEDURE—APPARATUS 5

Assemble the apparatus with the pre-separator (Figure 11d) unless experiments have shown
that its omission does not result in increased interstage drug losses (>5%) or particle re-
entrainment, in which case the pre-separator can be omitted. Place cups into the apertures in
the cup tray. To ensure efficient particle capture, coat the particle collection surface of each
stage with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile
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solvent, unless it has been demonstrated to be unnecessary. Insert the cup tray into the
bottom frame, and lower into place. Close the impactor lid with the seal body attached, and
operate the handle to lock the impactor together so that the system is airtight. 
The pre-separator can be assembled as follows. Assemble the pre-separator insert into the
pre-separator base; fit the pre-separator base to the impactor inlet; add up to about 15 mL of
the solvent used for sample recovery to the central cup of the pre-separator insert; place the
pre-separator body on top of this assembly; and close the two catches. [Caution—Some
solvents form flammable vapor–air mixtures that can be ignited during passage through a
vacuum pump. Take appropriate precautions (e.g., alternative solvents, use of vapor traps,
minimal pump operating times, etc.) to ensure operator safety during testing.] 
Connect an induction port with internal dimensions as defined in Figure 6a either to the
impactor inlet or to the pre-separator inlet atop the cascade impactor (Figure 11d). Place a
suitable mouthpiece adapter in position at the end of the induction port so that the mouthpiece
end of the product, when inserted, lines up along the horizontal axis of the induction port. The
front face of the product’s mouthpiece is flush with the front face of the induction port,
producing an airtight seal. When attached to the mouthpiece adapter, the product should be
positioned in the same orientation as intended for use. Connect the apparatus to a flow system
according to the scheme specified in Figure 7. 
Unless otherwise prescribed, conduct the test at the flow rate used in the test for Delivered-
Dose Uniformity drawing 4 L of air from the mouthpiece of the product and through the
apparatus. Connect a flowmeter to the induction port. Use a flowmeter calibrated for the
volumetric flow leaving the meter, or calculate the volumetric flow leaving the meter (Qout)
using the ideal gas law. For a meter calibrated for the entering volumetric flow (Qin), calculate:

Qout = QinP0/(P0 – DP)

P0 = atmospheric pressure 
DP = pressure drop over the meter

Adjust the flow-control valve to achieve steady flow through the system at the required rate,
Qout (±5%). Ensure that critical flow occurs in the flow-control valve by the Procedure
described for Apparatus 2. Adjust the timer controlling the operation of the two-way solenoid
valve so that it opens the valve for the same duration, T, as used during testing for Delivered-
Dose Uniformity. 
Prime or load the inhalation powder according to the labeled instructions. With the vacuum
pump running and the two-way solenoid valve closed, insert the product's mouthpiece, held
horizontally, into the induction port mouthpiece adapter. Discharge the powder into the
apparatus by activating the timer and opening the two-way solenoid valve for the required
duration, T (±5%). After the two-way solenoid valve has closed, remove the product from the
mouthpiece adapter. If additional doses are required for the sample, reload the inhalation
powder according to the labeled instructions, reinsert the mouthpiece into the mouthpiece
adapter, and repeat the operation until the required number of doses have been discharged.
After discharge of the last dose, switch off the vacuum pump. 
Dismantle the apparatus, and recover drug for analysis as follows. Remove the induction port
and mouthpiece adapter from the pre-separator, and extract the drug into an aliquot of
solvent; if used, remove the pre-separator from the impactor without spilling the solvent into
the impactor; and recover the active ingredient from all inner surfaces. Open the impactor by
releasing the handle and lifting the lid. Remove the cup tray, with the collection cups, and
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recover the active ingredient from each cup into an aliquot of solvent. Using the method of
analysis specified in the individual monograph, determine the mass of drug contained in each of
the aliquots of solvent. Determine the cutoff diameters of each of the individual stages of the
impactor, at the value of Q = Qout used in the test by the formula:

D50,Q = D50,Qn (Qn/Q)X (Eq. 2)

where D50,Q is the cutoff diameter at the flow rate, Q, used in the test, and the subscript, n,
refers to the nominal or reference value for Qn = 60 L of air per minute (see Table 8). The
values for the exponent, x, are listed in Table 8. Thus, when Q = 40 L of air per minute, the
cutoff diameter of Stage 2 is given by the formula:

D50,40LPM = 4.46 µm × (60/40)0.52 = 5.51 µm

Analyze the data as directed under Data Analysis.

Table 8. Cutoff Aerodynamic Diameter for Stages of Apparatus 5 and 6

Use Equation 2 to calculate D50,Q for flow rates, Q, in the range 30 to 100 L per
minute with Qn = 60 L per minute.

Stage D50,Qn x

1 8.06 0.54
2 4.46 0.52
3 2.82 0.50
4 1.66 0.47
5 0.94 0.53
6 0.55 0.60
7 0.34 0.67

C.7 Apparatus 6 for Inhalation Aerosol and Sprays—Next Generation Impactor (without
pre-separator)

C.7.1 DESIGN—APPARATUS 6

Apparatus 6 is identical to Apparatus 5 (Figures 11–11d) except that the pre-separator is not
used. Use this apparatus at a flow rate of 30 L/min (±5%) unless otherwise prescribed in the
individual monograph.

C.7.2 PROCEDURE—APPARATUS 6

Assemble the apparatus without the pre-separator. Place cups into the apertures in the cup
tray. To ensure efficient particle capture, coat the particle collection surface of each stage
with glycerol, silicone oil, or other suitable liquid typically deposited from a volatile solvent,
unless this has been demonstrated to be unnecessary. Insert the cup tray into the bottom
frame, and lower into place. Close the impactor lid with the seal body attached, and operate
the handle to lock the impactor together so that the system is airtight. Connect an induction
port with internal dimensions as defined in Figure 6a to the impactor inlet. Use a mouthpiece
adapter that ensures that the tip of the product’s mouthpiece is flush with the open end of the
induction port. Turn on the vacuum pump to draw air through the cascade impactor, and
calibrate the airflow through the system with an appropriate flowmeter attached to the open
end of the induction port. Adjust the flow-control valve on the vacuum pump to achieve steady
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flow through the system at the required rate, and ensure that the airflow through the system is
within ±5% of this flow rate. Unless otherwise prescribed in the patient instructions, shake the
product for 5 s, and discharge one delivery to waste. With the vacuum pump running, insert
the mouthpiece into the mouthpiece adapter, and immediately fire the minimum recommended
dose into the cascade impactor. Keep the valve depressed for a duration sufficient to ensure
that the dose has been completely discharged. If additional sprays are required for the sample,
shake the product, reinsert it into the mouthpiece adapter, and immediately fire the next
minimum recommended dose. 
Repeat until the required number of doses has been discharged. The number of minimum
recommended doses discharged must be sufficient to ensure an accurate and precise
determination of Aerodynamic Size Distribution. [Note—The number of minimum recommended
doses typically is not >10.] After the last dose has been discharged, remove the product from
the mouthpiece adapter. Rinse the mouthpiece adapter and induction port with a suitable
solvent, and dilute quantitatively to an appropriate volume. 
Dismantle the apparatus, and recover the drug for analysis as follows. Remove the induction
port and mouthpiece adapter from the apparatus, and recover the deposited drug into an
aliquot of solvent; open the impactor by releasing the handle and lifting the lid; remove the cup
tray with the collection cups; and extract the active ingredient in each cup into an aliquot of
solvent. Using the method of analysis specified in the individual monograph, determine the
quantity of active ingredient contained in each of the aliquots of solvent.

Determine the cutoff diameters of each of the individual stages of the impactor, at the value of
Q employed in the test by using Equation 2 with values obtained from Table 8. Thus, when Q =
30 L of air per minute, the cutoff diameter of Stage 2 is given by the formula:

D50,30LPM = 4.46 µm × (60/30)0.52 = 6.40 µm

To analyze the data, proceed as directed under Data Analysis.

D. DATA ANALYSIS

This section describes the data analysis required to define the Aerodynamic Size Distribution of
the drug output from the test product, after the use of Apparatus 1, 2, 3, 4, 5, or 6. Enter the
data collected from Apparatus 1, 2, 3, 4, 5, or 6 in the table of mass summaries as shown in
Table 9. Perform only those calculations specified in the individual monograph.

Table 9. Table of Mass Summaries for Analyses of Inhalation Aerosols, Sprays, and
Inhalation Powders

Mass Apparatus 1 Apparatus 2 Apparatus
3a

Apparatus
4b

Apparatus
5c

Apparatus 6c

Dosage
Form

Inhalation Aerosols
and Sprays

Inhalation
Powders

Inhalation
Powders

Inhalation
Powders

Inhalation
Powders

Inhalation Aerosols
and Sprays

Mouthpiece
adapter

A i — AiA i — Ai — Ai — Ai — Ai —

Pre-
separator

— — — — AP — — — AP — — —

Stage 0 of 
impactor

A0 B0 — — A0 B0 — — — — — —

Stage 1 of 
impactor/
impinger

A1 B1 A1 — A1 B1 A1 — A1 B1 A1 B1
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Stage 2 of 
impactor/
impinger

A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2

Stage 3 of 
impactor/
impinger

A3 B3 A3 B3 A3 B3 A3 B3 A3 B3 A3 B3

Stage 4 of 
impactor/
impinger

A4 B4 A4 B4 A4 B4 A4 B4 A4 B4 A4 B4

Stage 5 of 
impactor/
impinger

A5 B5 A5 B5 A5 B5 — — A5 B5 A5 B5

Stage 6 of 
impactor/
impinger

A6 B6 — — A6 B6 — — A6 B6 A6 B6

Stage 7 of 
impactor/
impinger

A7 B7 — — A7 B7 — — A7 B7 A7 B7

Filter AF BF AF BF AF BF AF BF AF BF AF BF

Sums of 
Masses

SAd SBd SAd SBd SAd SBd SAd SBd SAd SBd SAd SBd

a Stages 6 and 7 are omitted from Apparatus 3 at airflow rates >60 L per minute. 
b Stage 5 of Apparatus 4 is the filter stage (see Figure 10). 
c For Apparatus 5 and 6, values for the drug masses AF and BF refer to collections from the MOC, and/or the after-filter if used. 

d SA is the total drug mass recovered from the apparatus; SB is the mass of drug recovered from the impactor (Apparatus 1, 3,
5 and 6) or from the impactor stages beneath the uppermost stage (Apparatus 2 and 4). 

D.1 Calculations

D.1.1 FINE PARTICLE DOSE AND FINE PARTICLE FRACTION

Calculate the total mass, SA, of drug delivered from the mouthpiece of the product into the
apparatus. Then calculate the total mass, R, of drug found on the stages of the apparatus and
the filter that captured the drug in the fine particle size range appropriate for the particular
drug being tested. The Fine Particle Dose is calculated by the formula:

R/n

where R is as stated above, and n is the number of doses discharged during the test. The Fine
Particle Fraction that would be delivered from the product is then calculated by the formula:

R/SA

D.1.2 CUMULATIVE PERCENTAGE (CUM%) OF DRUG MASS LESS THAN STATED AERODYNAMIC
DIAMETER

Construct Table 10 by dividing the mass of drug on the filter stage by SB (see Table 9).
Multiply the quotient by 100, and enter this number as a percentage opposite the effective
cutoff diameter of the stage immediately above it in the impactor or impinger stack. For
Apparatus 2 or 4, use Equation 1 to calculate the stage cutoff diameters, D50,Q, at the airflow
rate, Q, used during the test. For Apparatus 5 and 6, use Equation 2 with Table 8. For
Apparatus 1, use the cutoff diameters quoted by the manufacturer. For Apparatus 3, present
the data as cumulative percentages of mass on and below the stated stage, and avoid
assigning values to stage cutoff diameters. 
Repeat the calculation for each of the stages in the impactor or impinger stack, in reverse
numerical order (largest to smallest stage number). For each stage, calculate the cumulative
percentage of mass less than the stated aerodynamic diameter by adding the percentage of
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the mass on that stage to the total percentage from the stages below and entering the value
opposite the effective cutoff diameter of the stage above it in the stack. Thus, the percentage
of drug on the filter can be seen to have aerodynamic diameters less than the cutoff diameter
of the stage above the filter, and the percentage on the filter plus the percentage on the
stage above have diameters less than the cutoff diameter of the stage above that, and so on.
Repeat the calculation for each of the remaining stages in reverse numerical order (see Table
10).

Table 10. Cumulative Percentage (Cum%) of Mass Less than the Stated Aerodynamic
Diameter

 Apparatus 1 Apparatus 2 Apparatus 3a Apparatus 4b Apparatus 5 Apparatus 6

Mass Cum
%c

D50d Cum
%c

D50,Qd Cum
%c

D50,Qe Cum
%c

D50,Qd Cum
%c

D50,Qd Cum
%c

D50,Qd

Filter  0.4  0.625  0.4  1.7  0.34  0.34
Stage 7 b 0.7 — — b 0.7 — — b 0.55 b 0.55
Stage 6 c 1.1 — — c 1.1 — — c 0.94 c 0.94
Stage 5 d 2.1 b 1.25 d 2.1 — — d 1.66 d 1.66
Stage 4 e 3.3 c 2.5 e 3.3 b 3.1 e 2.82 e 2.82
Stage 3 f 4.7 d 5.0 f 4.7 c 6.8 f 4.46 f 4.46
Stage 2 g 5.8 100 10.0 g 5.8 100 13.0 g 8.06 g 8.06
Stage 1 h 9.0 — — h 9.0 — — — — — —
Stage 0 100 — — — 100 — — — 100 — 100 —
a Stages 6 and 7 are omitted from Apparatus 3 at flow rates >60 L per minute; thus, values for b and c should be omitted for
Apparatus 3, where necessary. 
b The filter stage in Apparatus 4 is Stage 5 (see Figure 8). 
c [(mass on stage/SB) × 100] % + (total% of SB from stages below). 
d The 50% cutoff diameter of the stage immediately above that indicated (e.g., for Stage 4, enter the cutoff diameter for Stage
3; for Apparatus 2 or 4, calculate as D50,Q from Equation 1; for Apparatus 5 or 6, calculate as D50,Q from Equation 2 using Table
7). Values entered in the Table are correct for Apparatus 1, 2, 4, 5, and 6 only when used at 28.3, 60.0, 60.0, 60.0, and 60.0 L
per minute, respectively. 
e The D50 values are only valid at a flow rate of 28.3 L per minute. 

If necessary, and where appropriate, plot the percentage of mass less than the stated
aerodynamic diameters, versus the aerodynamic diameter, D50,Q, on log probability paper.
Calculate the GSD by the equation:

Use these data and/or plot to determine values for MMAD and GSD etc., as appropriate and
when necessary (see Figure 12).

Figure 12. Plot of cumulative percentage of mass less than stated aerodynamic diameter
(probability scale) versus aerodynamic diameter (log scale).

USP37
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1   A suitable cascade impactor is available as Model Mk II from Thermo-Electron, 27 Forge Parkway, Franklin,
MA 02038. The impactor is used without the preseparator. The inhaler is connected to the impactor via the
induction port, atop the entrance cone shown in Figure 4. If an equivalent impactor is employed, the induction
port in Figure 4a should be used, although the entrance cone (Fig. 4b) should be replaced with one to fit the
impactor in question. Note that the internal surfaces of the induction port (Fig. 4a) are designed to fit flush with
their counterparts in the entrance cone (Fig. 4b). This design avoids aerosol capture at the junction of the two
pipes.

2   The cascade impactor is available as the Model 160 Marple-Miller Impactor from MSP Corporation,
Minneapolis, MN. The inhaler should be connected to the impactor via the induction port, shown in Figure 4a.

3  The cascade impactor is available as the Andersen 1ACFM Non-Viable Cascade Impactor (Mark II) from
Thermo-Electron, 27 Forge Parkway, Franklin, MA 02038. The impactor is used with the preseparator.

4  The five-stage impinger is available from Copley Instruments, plc, Nottingham, UK. The inhaler should be
connected to the impactor via the induction port, shown in Fig. 4 and Fig. 4a.

5  The cascade impactor is available as the Next Generation Pharmaceutical Impactor from MSP Corporation,
Minneapolis, MN.

1  A suitable cascade impactor is available as Model Mk II from Thermo-Electron, 27 Forge Parkway, Franklin,
MA 02038. The impactor is used without the pre-separator. The product is connected to the impactor via the
induction port atop the entrance cone shown in Figure 6. If an equivalent impactor is employed, the induction
port in Figure 6a should be used, although the entrance cone (Figure 6b) should be replaced with one to fit the
impactor in question. Note that the internal surfaces of the induction port (Figure 6a) are designed to fit flush
with their counterparts in the entrance cone (Figure 6b). This design avoids aerosol capture at the junction of
the two pipes.

2  The cascade impactor is available as Model 160 Marple Miller Impactor from MSP Corporation, Minneapolis,
MN. The product should be connected to the impactor via the induction port shown in Figure 6a.

3  The cascade impactor is available as Andersen 1ACFM Non-Viable Cascade Impactor (Mark II) from
Thermo-Electron, 27 Forge Parkway, Franklin, MA 02038. The impactor is used with the pre-separator.

4  The five-stage impinger is available from Copley Instruments, plc, Nottingham, UK. The product should be
connected to the impactor via the induction port shown in Figure 8 and Figure 6a.

5  The cascade impactor is available as Next Generation Pharmaceutical Impactor from MSP Corporation,
Minneapolis, MN.

BRIEFING

602  Propellants. This new chapter is based on information that has been extracted from
the currently official version of Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder

Inhalers 601  and the revised 601  appears elsewhere in this PF.

(DF: K. Zaidi.)
Correspondence Number—C113593

Comment deadline: March 31, 2013

Add the following:

602  PROPELLANTS

[Caution—Hydrocarbon propellants are highly flammable and explosive. Observe precautions,
and perform sampling and analytical operations in a well-ventilated fume hood.]

GENERAL SAMPLING PROCEDURE
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This procedure is used to obtain test specimens for those propellants that occur as gases at

about 25  and that are stored in pressurized cylinders. Use a stainless steel sample cylinder
equipped with a stainless steel valve with a capacity of NLT 200 mL and a pressure rating of

240 psi or more. Dry the cylinder with the valve open at 110  for 2 h, and evacuate the hot
cylinder to less than 1 mm of mercury. Close the valve, cool, and weigh. Connect one end of a
charging line tightly to the propellant container and the other end loosely to the sample
cylinder. Carefully open the propellant container, and allow the propellant to flush out the
charging line through the loose connection. Avoid excessive flushing, which causes moisture to
freeze in the charging line and connections. Tighten the fitting on the sample cylinder, and
open the sample cylinder valve, allowing the propellant to flow into the evacuated cylinder.
Continue sampling until the desired amount of specimen is obtained, then close the propellant
container valve, and finally close the sample cylinder valve. [Caution—Do not overload the
sample cylinder. Hydraulic expansion due to temperature change can cause overloaded
cylinders to explode.] Again weigh the charged sample cylinder, and calculate the weight of the
specimen.

APPROXIMATE BOILING TEMPERATURE

Transfer a 100-mL specimen to a tared, pear-shaped, 100-mL centrifuge tube containing a few
boiling stones, and weigh. Suspend a thermometer in the liquid, and place the tube in a medium

maintained at a temperature of 32  above the expected boiling temperature. When the
thermometer reading becomes constant, record as the boiling temperature the thermometer
reading after at least 5% of the specimen has distilled. Retain the remainder of the specimen
for the determination of High-Boiling Residues.

HIGH-BOILING RESIDUES, METHOD I

Allow 85 mL of the specimen to distill as directed in the test for Approximate Boiling
Temperature, and transfer the centrifuge tube containing the remaining 15 mL of specimen to

a medium maintained at a temperature 10  above the boiling temperature. After 30 min, remove
the tube from the water bath, blot dry, and weigh. Calculate the weight of the residue.

HIGH-BOILING RESIDUES, METHOD II

Prepare a cooling coil from copper tubing (about 6 mm outside diameter × about 6.1 m long) to
fit into a vacuum-jacketed flask. Immerse the cooling coil in a mixture of dry ice and acetone in
a vacuum-jacketed flask, and connect one end of the tubing to the propellant sample cylinder.
Carefully open the sample cylinder valve, flush the cooling coil with about 50 mL of the
propellant, and discard this portion of liquefied propellant. Continue delivering liquefied
propellant from the cooling coil, and collect it in a previously chilled 1000-mL sedimentation
cone until the cone is filled to the 1000-mL mark. Allow the propellant to evaporate, using a

warm water bath maintained at about 40  to reduce evaporating time. When all of the liquid
has evaporated, rinse the sedimentation cone with two 50-mL portions of pentane, and
combine the rinsings in a tared 150-mL evaporating dish. Transfer 100 mL of the pentane
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solvent to a second tared 150-mL evaporating dish, place both evaporating dishes on a water

bath, evaporate to dryness, and heat the dishes in an oven at 100  for 60 min. Cool the dishes
in a desiccator, and weigh. Repeat the heating for 15-min periods until successive weighings
are within 0.1 mg, and calculate the weight of the residue obtained from the propellant as the
difference between the weights of the residues in the two evaporating dishes.

WATER CONTENT

Proceed as directed in Water Determination 921 , with the following modifications: (a)
Provide the closed-system titrating vessel with an opening through which passes a coarse-
porosity gas dispersion tube connected to a sampling cylinder. (b) Dilute the Reagent with
anhydrous methanol to give a water equivalence factor of between 0.2 and 1.0 mg/mL, and
age this diluted solution for NLT 16 h before standardization. (c) Obtain a 100-g specimen as
directed under General Sampling Procedure, and introduce the specimen into the titration
vessel through the gas dispersion tube at a rate of about 100 mL of gas per min. If necessary,
heat the sample cylinder gently to maintain this flow rate.

OTHER DETERMINATIONS

For those aerosols that use propellants, perform the tests specified in the individual NF
propellant monographs.

BRIEFING

603  Topical Aerosols. This new general test chapter has been created to clearly
identify the requirements for topical aerosol products and is based on information that has been
extracted from previous versions of Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry

Powder Inhalers 601 . A revised 601  appears elsewhere in this issue of PF. Chapter 603

 lists product performance tests for topical aerosols. The chapter should be used in
conjunction with the product quality tests for topical aerosols which are described in general
test chapter Inhalation and Nasal Drug Products–General Information and Product Quality

Tests 5 , also proposed in this issue of PF. An informational chapter describing the valve
systems used in topical aerosol products will be developed in the future. The topical aerosols
include dermatological foams and sprays. The individual monographs should give a clear
statement about the dosage forms.

(GCDF: K. Zaidi.)
Correspondence Number—C113594

Comment deadline: March 31, 2013

Add the following:

603  TOPICAL AEROSOLS

INTRODUCTION

USP37
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Topical aerosol products contain the drug in solution or in suspension, packaged under
pressure, and released upon activation of an appropriate valve system. The topical aerosol
products should follow the product quality test requirements described in general test chapters

Inhalation and Nasal Drug Products–General Information and Product Quality Tests 5 ,

Microbial Enumeration Tests 61 , Tests for Specified Organisms 62 , Minimum Fill 755 ,

and Leak Rate 604 . The topical aerosols include dermatological foams and sprays. Topical
aerosol foams should include a physical appearance of both the foam and also of the collapsed
foam.

DELIVERY RATE AND DELIVERED AMOUNT

Perform these tests only on containers fitted with continuous valves.

Delivery Rate: Select NLT four aerosol containers; shake, if the label includes this directive;
remove the caps and covers; and actuate each valve for 2–3 s. Weigh each container
accurately, and immerse in a constant-temperature bath until the internal pressure is

equilibrated at a temperature of 25  as determined by constancy of internal pressure, as
directed under the Pressure Test below. Remove the containers from the bath; remove excess
moisture by blotting with a paper towel; shake, if the label includes this directive; actuate each
valve for 5.0 s (accurately timed by use of a stopwatch); and weigh each container again.
Return the containers to the constant-temperature bath, and repeat the foregoing procedure
three times for each container. Calculate the average Delivery Rate, in g/s, for each container.

Delivered Amount: Return the containers to the constant-temperature bath, continuing to
deliver 5 s actuations to waste, until each container is exhausted. [Note—Ensure that
sufficient time is allowed between each actuation to avoid significant canister cooling.]
Calculate the total weight loss from each container. This is the Delivered Amount.

PRESSURE TEST

Perform this test only on topical aerosols fitted with continuous valves. 
Select NLT four aerosol containers, remove the caps and covers, and immerse in a constant-

temperature bath until the internal pressure is constant at a temperature of 25 . Remove the
containers from the bath, shake, and remove the actuator and water, if any, from the valve
stem. Place each container in an upright position, and determine the pressure in each container
by placing a calibrated pressure gauge on the valve stem, holding firmly, and actuating the
valve so that it is fully open. The gauge is of a calibration approximating the expected pressure
and is fitted with an adapter appropriate for the particular valve stem dimensions. Read the
pressure directly from the gauge.

MINIMUM FILL

Topical aerosols meet the requirements for aerosols in Minimum Fill 755 .
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LEAKAGE TEST

Proceed as directed in Leak Rate 604 .

NUMBER OF DISCHARGES PER CONTAINER

Perform this test only on topical aerosols fitted with dose-metering valves, at the same time
as, and on the same containers used for, the test for Delivered-Dose Uniformity. Determine the
number of discharges or deliveries by counting the number of priming discharges plus those
used in determining the spray contents, and continue to fire until the label claim number of
discharges. The requirements are met if all the containers or inhalers tested contain NLT the
number of discharges stated on the label.

DELIVERED-DOSE UNIFORMITY

The test for Delivered-Dose Uniformity is required for topical aerosols fitted with dose-metering
valves. For collection of the minimum dose, proceed as directed in the test for Delivered Dose

Uniformity in Metered-Dose Inhalers and Dry Powder Inhalers, as described in 601 , except
modify the dose sampling apparatus so that it is capable of quantitatively capturing the
delivered dose from the preparation being tested. Unless otherwise stated in the individual
monograph, apply the acceptance criteria for Metered-Dose Inhalers and Dry Powder Inhalers

as described in 601 .

BRIEFING

604  Leak Rate. This new general test chapter is based on information that has been

extracted from Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601

. The revised 601  appears elsewhere in this issue of PF.

(GCDF: K. Zaidi.)
Correspondence Number—C113595

Comment deadline: March 31, 2013

Add the following:

604  LEAK RATE

Select 12 aerosol containers, and record the date and time to the nearest half hour. Weigh
each container to the nearest mg, and record the weight, in mg, of each as W1. Allow the

containers to stand in an upright position at a temperature of 25.0 ± 2.0  for not less than 3
days, and again weigh each container, recording the weight, in mg, of each as W2 and
recording the date and time to the nearest half hour. Determine the time, T, in hours, during
which the containers were under test. Calculate the leakage rate, in mg per year, of each

USP37
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container taken by the formula: (365)(24/T)(W1  W2). 
Where plastic-coated glass aerosol containers are tested, dry the containers in a desiccator for
12–18 h, and allow them to stand in a constant-humidity environment for 24 h prior to
determining the initial weight as indicated above. Conduct the test under the same constant-
humidity conditions. Empty the contents of each container tested by employing any safe
technique (e.g., chill to reduce the internal pressure, remove the valve, and pour). Remove any
residual contents by rinsing with suitable solvents, then rinse with a few portions of methanol.

Retain as a unit the container, the valve, and all associated parts, and heat them at 100  for 5

min. Cool, weigh, record the weight as W3, and determine the net fill weight (W1  W3) for
each container tested. [Note—If the average net fill weight has been determined previously,
that value may be used in place of the value (W1 – W3) above.] The requirements are met if
the average leakage rate per year for the 12 containers is not more than 3.5% of the net fill
weight, and none of the containers leaks more than 5.0% of the net fill weight per year. If 1
container leaks more than 5.0% per year, and if none of the containers leaks more than 7.0%
per year, determine the leakage rate of an additional 24 containers as directed herein. Not
more than 2 of the 36 containers leak more than 5.0% of the net fill weight per year, and none
of the 36 containers leaks more than 7.0% of the net fill weight per year. Where the net fill
weight is less than 15 g and the label bears an expiration date, the requirements are met if the
average leakage rate of the 12 containers is not more than 525 mg per year and none of the
containers leaks more than 750 mg per year. If 1 container leaks more than 750 mg per year
but not more than 1.1 g per year, determine the leakage rate of an additional 24 containers as
directed herein. Not more than 2 of the 36 containers leak more than 750 mg per year, and
none of the 36 containers leaks more than 1.1 g per year. This test is in addition to the
customary in-line leak testing of each container.

BRIEFING

853  Fluorescence Spectroscopy. As part of the General Chapters Expert Committee

workplan, the chapter Spectrophotometry and Light–Scattering 851  will be replaced by a
family of chapters pertaining to atomic absorption, UV–Vis, infrared, and fluorescence
spectroscopy methods. Each of these chapters will be presented in pairs (one numbered below

1000 and one numbered above 1000). Chapter 853  is based on application of the method
when applied to a procedure in a monograph. Its sections are Introduction, Instrument
Qualification, Procedure, and Validation and Verification.

The general information chapter Fluorescence Spectroscopy—Theory and Practice 1853
describes theory and instrumentation used to support development of a compendial procedure.
That chapter's sections are Theory, Instrumentation, Factors That Affect Quantitation,
Calibration of Fluorescence Instruments, and Procedure Validation.

(GCCA: H. Pappa.)
Correspondence Number—C122045

Comment deadline: March 31, 2013
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853  FLUORESCENCE SPECTROSCOPY

USP37
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INTRODUCTION

Fluorescence is a two-step process that requires absorption of light at a specific wavelength
(excitation) followed by emission of light, usually at a higher wavelength. The emission of light
is termed fluorescence. 
The most common type of fluorescent sample is a submicromolar transparent solution that
absorbs light following the Beer–Lambert–Bouguer Law and that fluoresces with an intensity
that is directly proportional to the concentration, the absorptivity, and the fluorescence
quantum yield of the fluorescent species or fluorophore. 
Unlike absorption spectroscopy, where deviation from linearity is the exception, fluorescence
linearity can be affected by a number of sample-related effects. These are discussed in

Fluorescence Spectroscopy—Theory and Practice 1853 , a general information chapter that
is not a mandatory resource. 
A conventional fluorescence spectrometer has both excitation and emission wavelength
selectors. The analyst collects a spectrum by fixing the wavelength of one of the selectors and
scanning the other wavelength selector over a specified range. 
Fluorescence methods also are termed background-free because little excitation light reaches
the detector. This characteristic makes fluorescence detection highly sensitive, down to single-
molecule detection in some cases. Fluorescence detection also can be highly specific because
a fluorophore emits a characteristic emission pattern. Specificity and sensitivity are two of the
more important strengths of fluorescence methods.

QUALIFICATION OF FLUORESCENCE INSTRUMENTS

Analysts ensure the suitability of a specific instrument for a given procedure by a stepwise
evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an on-going performance

qualification (PQ). For more details, see general chapter Analytical Instrument Qualification 

1058 . 
DQ and IQ are not further considered in this chapter. The purpose of this section is to provide
test methods and acceptance criteria to ensure that the instrument is suitable for its intended
use (OQ) and that it will continue to function properly over extended time periods (PQ). 
As with any spectrometric device, analysts must qualify a spectrofluorometer for both
wavelength (x-axis) and relative intensity (y-axis or signal axis) accuracy and precision. They
also must establish sensitivity. OQ should span the operational ranges required within the
laboratory for both intensity and wavelength scales.

Instrument Operational Qualification

The tolerances given in both the instrument OQ and PQ are applicable for general use.
Specifications for particular instruments and applications can vary depending on the analytical
procedure used and the desired accuracy of the final result. 
Wherever possible, analysts should use certified reference materials for purposes of calibration
in the steps detailed below in preference to laboratory-prepared solutions. When certified
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reference materials are obtained from a recognized accredited source, they have independently
verified traceable value assignments with associated calculated uncertainties. 
The criteria for acceptable instrument performance given in the following subsections are
applicable for general use unless specified otherwise. Two general types of instrumental
measurements are differentiated here: spectral, i.e., those that measure intensity vs.
wavelength, and fixed, i.e., those that measure intensity at a fixed wavelength and bandwidth.

CONTROL OF WAVELENGTHS

The level of confidence of measured peak positions is defined by wavelength accuracy for
spectral measurements. Determining and calibrating the wavelength accuracy (see previous
sections) at a single point (one for emission and one for excitation) often are sufficient to
qualify an instrument for this parameter because the relative wavelength accuracy typically
does not change importantly, e.g., on the order of 1 nm, across an instrument's effective
wavelength range. Determination of the accuracy of many wavelengths across the desired
wavelength range demonstrates if further calibration, beyond a single point, is needed.
Multipoint calibration involves measuring wavelength biases at multiple wavelengths and
correcting for the wavelength dependence of the bias. A single-point calibration often can be
applied to the wavelength axis in an instrument's software before data are collected, but a
multipoint calibration may require that the correction be applied to spectra after they are
collected. 
For fixed measurements the wavelength position and bandwidth should be reproducible. For
filter-based wavelength selection, this requires only that the same filter be used when analysts
compare data over time. If a different filter must be used, e.g., when data are compared
across instruments and laboratories, then the transmission curves of the filters must be
compared.

ATOMIC LINE SPECTRA

This procedure is described as the primary application because the emission lines produced from
a discharge lamp are characteristic of the source element, and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of no more than ± 0.01
nm. In solution spectrofluorometry the wavelength bias required rarely exceeds 1.0 nm. For
these reasons, the atomic line standard values are cited without uncertainty. The lamp should
be placed at the source position in the spectrofluorometer. 
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible range. Manufacturers often use two Xenon lines from the
source at 260.5 and 541.9 nm as an internal calibration check because the accuracy of both
the excitation and emission monochromators can be verified and can be used for diagnostic
purposes (see Table 1).1

Table 1. Elemental Line Spectra Wavelengths

Element
Wavelength

(nm)

Hg 253.7
Xe 260.5
Hg 296.7
Hg 365.0
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Hg 404.7
Hg 435.8
Xe 541.9
Hg 546.1
Hg 577.0
Hg 579.1

USE OF RARE EARTH OXIDE SOLUTIONS

This procedure uses a solution of a rare earth oxide prepared by dissolution in acid media. The
most frequently used is holmium oxide in perchloric acid in combination with a diffuse reflector
located at the sample position. Suitable certified reference materials are available
commercially.2 The wavelength selector not being scanned should be removed; if removal is not
practicable, it should be set to zero order (in this position a grating behaves like a mirror
reflecting all wavelengths). The diffuse reflector is scanned with and without the rare earth
sample in place, and the ratio of the two intensities is calculated to obtain an effective
transmittance spectrum. Minima in the intensity ratio correspond to absorption peaks of the
sample. For a 4% m/m solution of holmium oxide in perchloric acid at 1.0 nm spectral bandwidth
and a path length of 1 cm, these minima are in Table 2.3

Table 2

Wavelength 
(nm)

241.1
249.9
278.1
287.2
333.5
345.4
361.3
385.6
416.3
451.4
467.8
485.2
536.6
640.5

If the operational range of the spectrometer lies outside 240–650 nm, other certified rare earth
oxides or other solutions are used. 
Didymium (a mixture of neodymium and praseodymium) is available as a traceable standard in
both solution and glass presentations. Didymium is similar in preparation to the holmium
materials and has useful peak characteristics in the 730–870 nm region (approximately 731.6,
740.0, 794.1, 799.0, and 864.4 nm).

USE OF POLYMETHYLMETHACRYLATE-DOPED REFERENCES
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This procedure uses solid reference materials manufactured by polymerization of a variety of
fluorescent active aromatic ring compounds into an inert polymethylmethacrylate (PMMA)
matrix. These materials are supplied as polished blocks for use in a standard cuvette holder
(see Table 3).

Table 3. Dopant, Excitation, and Emission Data for Selected Reference Materials

Dopant
Excitation  

(nm)
Emission  

(nm)

p-Terphenyl 295 338
Ovalene 342 482
Tetraphenylbutadiene 348 422
Anthracene 360 402

Wavelength precision should be determined over the operational range using at least six
replicate measurements. The standard deviation should not exceed ±1 nm.

Performance Verification

Results from day-to-day testing of photostable intensity standards is used to verify the
performance of an instrument. If the measured intensity does not change from that observed
when the instrument was qualified, then instrument performance has not changed and remains
qualified. Using such standards to determine an artifact-based or quasi-absolute intensity scale
potentially enables measured intensities and instrument sensitivity to be compared over time or
between instruments. Intensity measurements should be within the linear range of the
instrument's detection system before analysts attempt intensity comparisons. 
For instruments with filter-based wavelength selection, analysts use fluorescence standards for
spectral correction to determine expected intensity differences caused by filters with different
transmission profiles. By compensating for these intensity differences due to spectral mismatch,
the analyst can determine a quasi-absolute intensity scale for these instruments. Analysts
should approach instrument-to-instrument comparisons with particular caution because of the
relatively large and difficult-to-quantify uncertainties involved.

USE OF LOW-CONDUCTIVITY (18-MW) WATER

The Raman band of water is used to measure signal-to-noise ratios in fluorescent instruments.
The Raman band of water is inherently reproducible and does not degrade with time. Water is
convenient to obtain in a pure state and allows interlaboratory comparisons to be made with a
high level of confidence. No preparation or dilution is required. The Raman band is a low-level
signal that provides a good test for both the optics and the electronics of an instrumental
system. 
The Raman band of water is not caused by fluorescence but is a result of Raman scattering.
For water, the Raman band is always red-shifted 3382 cm–1 relative to the excitation.4 This
band usually is measured by excitation at 350 nm, resulting in a Raman peak at 397 nm, but
radiation up to 500 nm also can be used as the excitation wavelength, and the corresponding
emission peak is 602 nm.

USE OF INTENSITY STANDARDS

PF 39(1): Jan.-Feb. 2013 179



Several solid-doped fluorescent materials are available.5 These polymers or glasses enable the
relative spectral correction and day-to-day performance qualification of fluorescence
instruments across the UV, visible, and NIR regions from 320 to 830 nm. The high photostability
of the materials makes them particularly useful as day-to-day intensity standards, even when
spectral correction is not needed or when the excitation wavelength differs from that used for
certification. A certified, steady-state emission spectrum is supplied with each certified
reference material, along with the estimated total uncertainties. The reference is available in
the form of a solid glass, standard-sized cuvette (12.5 mm × 12.5 mm × 45 mm) with three
polished long faces for 90-degree detection and one frosted long face for front-face or
epifluorescence detection. 
Alternatively, analysts can use fluorophores in solution that have been shown to be stable.6,7

QUALITATIVE AND QUANTITATIVE FLUORESCENCE MEASUREMENTS

Two general classes of procedural measurements commonly are performed by fluorescence
spectrometry: qualitative and quantitative measurements.

Qualitative Fluorescence Measurements

Qualitative fluorescence measurements are used to detect the presence of particular analytes
and yield a positive or negative answer. The excitation and emission wavelengths often are
selected at the peak maximum of the fluorophore to be detected. The observation of
fluorescence at the peak position above the limit of detection (usually 3 times the noise level)
indicates a positive result.

Quantitative Fluorescence Measurements

Quantitative fluorescence measurements are used to determine amounts or concentrations of
analytes in unknown samples. These quantities may be determined in absolute units such as
moles or moles/L or in relative units such as the ratio of the concentrations of two fluorescent
analytes contained in a single unknown solution. These determinations use the following
proportionality relating fluorescence signal (S) at a given pair of excitation and emission

wavelengths ( ex, em) to fluorescent analyte concentration (c):

S /0WRd Fc

/0 = intensity of the excitation beam 
W = fraction of the fluorescence collected by the detection system 
Rd = responsivity of the detection system 

 = absorption coefficient 
F = fluorescence quantum yield 
c = concentration of the fluorescent analyte

This linear proportionality with concentration applies to optically dilute samples, e.g., solutions
with an absorbance of less than 0.05 at a path length of 1 cm.
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GOOD SPECTROSCOPIC PRACTICE

Comparisons of a test specimen with a reference standard are best made at a peak of spectral
emission for the compound of interest. Assays based on spectroflorometry give the commonly
accepted wavelengths for excitation and peak spectral emission of the substance in question.
Different spectroflorometers may show minor variation in the apparent wavelength of this peak.
Comparisons should be made at the wavelength at which peak emission occurs. If this differs
from the wavelength specified in the monograph by more than ±1 nm in the range of 200–400
nm or by more than ±2 nm in the range of 400–800 nm, recalibration of the instrument may be
indicated.

Use of Reference Standards

With few exceptions, pharmacopeial spectroflorometric procedures provide results by
comparison against a USP Reference Standard. This ensures measurement under identical
conditions for the test specimen and the reference standard. These conditions could include
wavelength setting, spectral bandwidth selection, cell placement and correction, and intensity
levels. Cells that exhibit identical optical fluorescence characteristics at a specific wavelength
may differ considerably at other wavelengths. Analysts should establish and use appropriate
cell corrections where required. 
The terms similar preparation and similar solution in tests and assays that involve
spectroflorometry indicate that the reference standard should be prepared and observed in a
manner that is identical to that used for the sample under test. Usually when a solution of the
specified reference standard is prepared at (i.e., within 10% of) the desired concentration, the
fluorescence intensity is calculated on the basis of the exact amount weighed out. If they have
not used a previously dried specimen of the reference standard, analysts should correct this
intensity on the anhydrous basis. 
The expressions concomitantly determine and concomitantly measured as used in procedures
that involve spectrophotometry indicate that the absorbances of both the sample solution and
the standard solution, relative to the specified test blank, should be measured in immediate
succession.

Sample Solution Preparation

For determinations using UV or visible spectroflorometry, the specimen generally is dissolved in
a solvent. Unless otherwise directed in the monograph, determinations are made at room
temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong acids
and alkalis. Solvents should be free from contaminants that fluoresce in the spectral region
under examination. For the solvent, water-free methanol or alcohol or alcohol that has been
denatured by the addition of methanol but does not contain benzene or other interfering
impurities should be used. Spectrophotometric-quality solvents that are guaranteed to be free
from contaminants are available commercially from several sources, but some analytical
reagent–grade organic solvents may contain traces of impurities that fluoresce strongly in the
UV region. New lots of these solvents should be checked for their transparency, and analysts
should take care to use the same lot of solvent for preparation of the test solution, the
standard solution, and the blank. Solvents that do not have an interfering fluorescence
signature at the wavelength(s) of interest are optimal. In normal usage, the fluorescence
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baseline intensity should not be more than 2% of the expected measurement signal unless a
larger value previously has been justified. 
Assays in the visible region usually call for comparing concomitantly the fluorescence intensities
produced by the sample solution with that produced by a standard solution that contains
approximately an equal quantity of a USP Reference Standard. In some situations, it may be
permissible to omit the use of a reference standard. This is true when spectroflorometric assays
are made with routine frequency, when a suitable standard curve is available and is prepared
with the appropriate USP Reference Standard, and when the substance assayed conforms to
Beer's Law within the range of about 75%–125% of the final concentration used in the assay.
Under these circumstances, the fluorescence intensity found in the assay can be interpolated
on the standard curve, and the assay result can be calculated. Such standard curves should
be confirmed frequently and always when a new spectroflorometer or new lots of reagents are
put into use.

VALIDATION AND VERIFICATION

Validation

Validation is required when a procedure based on fluorescence spectroscopy is intended for use
as an alternative to the official procedure. The objective of validation is to demonstrate that
the measurement is suitable for its intended purpose, including the following: quantitative
determination of the main component in a drug substance or a drug product (Category I
assays), quantitative determination of impurities or limit tests (Category II), and identification
tests (Category IV). Depending on the category of the test (see Table 2 in Validation of

Compendial Procedures 1225 ), the process for analytical procedure validation for
fluorescence requires testing for linearity, range, accuracy, specificity, precision, detection
limit, quantitation limit, and robustness. These analytical performance characteristics apply to

externally standardized procedures and those that use standard additions. Chapter 1225
provides definitions and general guidance about analytical procedures validation without
indicating specific validation criteria for each characteristic. The intention of the following
sections is to provide the user with specific validation criteria that represent the minimum
expectations for fluorescence technology. For each particular application tighter criteria may be
needed in order to demonstrate suitability for the intended use.

ACCURACY

For Category I, II, and III procedures, accuracy is determined by conducting recovery studies
with the appropriate matrix spiked with known concentrations of the analyte. Analysts also can
compare assay results obtained using the UV–Vis procedure under validation to those from an
established analytical procedure.

Validation criteria: 98.0%–102.0% recovery for drug substances, 95.0%–105.0% recovery for
drug product assay, and 80.0%–120.0% recovery for impurity analysis. These criteria should be
met throughout the intended range.

PRECISION

Repeatability
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Repeatability of the analytical procedure is assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration.
Alternatively, repeatability is assessed by measuring concentrations of three replicates of three
separate sample solutions at different concentrations. The three concentrations should be
sufficiently similar so that the repeatability is similar across the concentration range. If this is
done, the repeatability at the three concentrations can be pooled for comparison to the
acceptance criteria.

Validation criteria: The relative standard deviation is NMT 1.0% for drug substance, NMT
2.0% for drug product assay, and NMT 20.0% for impurity analysis.

Intermediate Precision

The effect of random events on the analytical precision of the procedure should be evaluated.
Typical variables include performing the analysis on different days, using different
instrumentation, and/or having the method performed by two or more analysts. As a minimum,
any combination of at least two of these factors totaling six experiments will provide an
estimation of intermediate precision.

Validation criteria: The relative standard deviation is NMT 1.0% for drug substance, NMT
3.0% for drug product assay, and NMT 25.0% for impurity analysis.

SPECIFICITY

In fluorescence measurements, specificity is ensured by use of a reference standard wherever
possible and is demonstrated by the lack of interference from other components present in the
matrix.

DETECTION LIMIT

Analysts can estimate the detection limit (DL) by calculating the standard deviation of not
fewer than six replicate measurements of a blank solution and multiplying by 3.3. Alternatively,
the standard deviation can be determined from the error of the intercept from a calibration
curve or by demonstration that the signal-to-noise ratio is >3.3. Analysts must confirm the
estimated DL by analyzing samples at the calculated concentration.

QUANTITATION LIMIT

Analysts can estimate the quantitation limit (QL) by calculating the standard deviation of not
fewer than six replicate measurements of a blank solution and multiplying by 10. Alternatively,
the standard deviation can be determined from the error at the intercept from a calibration
curve or by demonstration that the signal-to-noise ratio is >10. 
A test solution prepared from a representative sample matrix spiked at the required QL
concentration is measured to confirm sufficient sensitivity and adequate precision. The
observed signal-to-noise ratio at the required QL should be >10.

Validation criteria: For the estimated LOQ to be considered valid, the measured concentration
must be accurate and precise at a level equal to or less than 50% of the specification.

LINEARITY

PF 39(1): Jan.-Feb. 2013 183



A linear relationship between the analyte concentration and fluorescence response is
demonstrated with no fewer than five standard solutions at concentrations that encompass the
anticipated concentration of the test solution. Analysts then should evaluate the standard
curve using appropriate statistical methods such as a least-squares regression. Deviation from
linearity can result from either instrumental or sample factors, or both, and can be reduced to
acceptable levels by reduction of the analyte concentration and thereby the associated
absorbance values.

Validation criteria: The correlation coefficient (R) must be NLT 0.995 for Category I assays
and NLT 0.99 for Category II quantitative tests.

RANGE

The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentrations (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.

Validation criteria: For Category I tests, the validation range for 100.0% centered
acceptance criteria is 80.0%–120.0%. For noncentered acceptance criteria, the validation
range is 10.0% below the lower limit to 10.0% above the upper limit. For content uniformity,
the validation range is 70.0%–130.0%. For Category II tests, the validation range covers
50.0%–120.0% of the acceptance criteria.

ROBUSTNESS

Analysts should demonstrate the reliability of an analytical measurement by deliberate changes
to experimental parameters. For UV–Vis these changes can include measuring the stability of
the analyte under specified storage conditions, varying pH, and adding possible interfering
species, to list a few examples. Analysts should determine robustness concurrently using a
suitable design-of-experiments procedure.

Verification

Analytical procedures described in USP–NF do not require validation. Instead, a verification is
used to determine a procedure's suitability under actual conditions of use. 
Thus the objective of fluorescence procedure verification is to demonstrate the suitability of a
test procedure under actual conditions of use. Performance characteristics that verify the
suitability of a fluorescence procedure are similar to those required for any analytical

procedure. Verification of Compendial Procedures 1226  includes a discussion of the
applicable general principles. Verification should be performed using a reference material and a
well-defined matrix. Verification of compendial fluorescence procedures should at a minimum
include the execution of the validation parameters for specificity, accuracy, precision, and
quantitation limit, when appropriate, as indicated in Validation.

Indirect Measurement Requirements

Some fluorescence procedures employ chromogenic reactions. Generally the requirements for
the analytical performance characteristics should be used. In some instances the required
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accuracy and precision for the direct measurements may not be achievable. Under these
circumstances, the accuracy and precision requirements may be widened by as much as 50%.
However, any such widening must be justified on scientific grounds and with documented
evidence. Under these circumstances, the amount of replication required to produce a
scientifically sound reportable value may be increased.

1  The rounded values are taken from ASTM Standard E388-04 (2009). 

2  NIST SRM 2034 is no longer available. 

3  The rounded values are taken from the intrinsic wavelength standard absorption band data from Travis et al.
J Phys Chem Ref Data 2005;34(1):41. The maximum 95% measurement uncertainty is ± 0.06 nm. 

4  The red-shift value is taken from Parker CA. Raman spectra in spectrofluorimetry. Analyst. 1959;84:446–
453. 

5  Available from commercial vendors and from NIST as SRMs 2940 (orange emission), 2941 (green emission),
2942 (UV emission), 2943 (blue emission), and 2944 (red/NIR emission). 

6  Commercial vendors provide a 1 mg/L solution of quinine sulfate dehydrate in 0.105 M perchloric acid that
has been fully characterized by NIST as SRM 936a. 

7  A series of day-to-day Intensity Standards is available from the German Federal Institute for Materials
Research and Testing (BAM). 
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1853  FLUORESCENCE SPECTROSCOPY—THEORY AND PRACTICE

THEORY

Fluorescence is a two-step process that requires an initial absorption of light followed by
emission. [Note—Many terms and variables used in this general chapter are explained in the
Appendix: Definitions.] Fluorescence spectroscopy is an electronic spectroscopic method
related to ultraviolet–visible–near infrared (UV–Vis–NIR) absorption spectroscopy. It also is a
background-free method that involves light emitted from the sample in all directions, as is the
case with Raman spectroscopy. The initial absorption of a photon by a molecule in the sample
promotes an electron to an excited state. The excited electron returns to the ground electronic
state by emitting a photon. If the emission arises from an “allowed” transition that typically has
a short lifetime between 1 ns and 10 ns, then it is called fluorescence. If the emission arises
from a “forbidden” transition that typically has a long lifetime between 1 ms and 1 s, then it is
called phosphorescence. Under similar conditions phosphorescence usually is less intense than
fluorescence. This general chapter discusses fluorescence spectroscopy, but many points
raised here also apply to phosphorescence. The basic concepts behind fluorescence
spectroscopy have been well established, but its applications and standardization are still

USP37
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expanding and progressing, making it a developing rather than a mature method.

Figure 1. Fluorescence excitation and emission spectra for fluorescein in borate buffer. The
wavelength axis shows excitation and emission wavelengths.

The most common type of fluorescent sample is a dilute, transparent solution that absorbs light
following the Beer–Lambert Law and that emits a corresponding fluorescence intensity that is
directly proportional to the concentration, the absorptivity, and the fluorescence quantum yield
of the fluorescent species or fluorophore. A conventional fluorescence spectrometer has both
excitation and emission wavelength selectors. It collects a spectrum by fixing the wavelength
of one of the selectors and scanning the other wavelength selector over a range. When the
excitation wavelength is fixed and the emission wavelength is scanned, the resulting spectrum
is termed an emission spectrum. When the emission wavelength is fixed and the excitation
wavelength is scanned, the resulting spectrum is termed an excitation spectrum (Figure 1).
The fluorescence spectrum is plotted as relative intensity or counted photons of fluorescence
vs. wavelength. The appearance of a fluorescence spectrum is much like a UV–Vis–NIR
absorption spectrum. In fact, the shape or contour of an excitation spectrum often is identical
to that of the corresponding absorption spectrum for an organic dye in solution over the same
wavelength range. 
Polyatomic fluorophores in condensed media (e.g., solutions, thin films, and solids at room
temperature) exist in ground or excited electronic states in a broad distribution of vibrational
energy levels and cause homogeneous broadening of excitation or emission spectra,
respectively. A microenvironment or shell also surrounds each fluorophore in condensed media,
and differences in the structures of these shells among individual fluorophores cause
inhomogeneous broadening. These two types of broadening cause fluorescence spectra to be
broader than some other types of spectra (e.g., mid-infrared or Raman spectra). The typical
width of a fluorescence band is between 10 nm and 100 nm. Once it is electronically excited, a
polyatomic fluorophore experiences vibrational relaxation before emitting a photon, causing a
red shift or Stokes shift of the fluorescence spectrum relative to the wavelength at which it
was excited. 
Few naturally occurring biological compounds fluoresce strongly. This apparent disadvantage
has been turned into an advantage by the synthesis of fluorescent probes that are designed to
bind to target analytes only. A large number of analyte-specific fluorophores are now
commercially available. Many of these fluorescent probes, such as fluorescein, rhodamine, and
their derivatives, have relatively large absorptivities and quantum yields close to one—i.e., they
fluoresce nearly as many photons as they absorb. Fluorescence methods also are termed
background-free because very little excitation light reaches the detector. These advantages
make fluorescence detection highly sensitive, down to single-molecule detection in some cases.
Specificity and sensitivity are two of the more important strengths of fluorescence methods.
Fluorescence spectroscopy also typically is not destructive to the sample, and measurements
can be made quickly (on the order of seconds to minutes).
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Figure 2. Schematic of the excitation beam (EX) and detected emission (EM) orientations for a)

0 /90  right-angle transmitting, b) front-face, and c) 0 /180  transmitting geometries.

A right-angle or 0 /90  geometry often is used to measure dilute solutions and other
transparent samples. In such cases the excitation beam is normal to the sample, and

fluorescence is detected at a 90  angle relative to the beam (Figure 2a). A front-face
geometry is used to measure optically dense samples where the excitation beam is incident on

the sample at < 90  and the fluorescence is collected at an angle  90  (Figure 2b). The
epifluorescence geometry is a special case of the front-face geometry that often is used in
fluorescence microscopy and optical fiber–based fluorometers. In epifluorescence geometry the
excitation beam and collected fluorescence are both normal to and are on the same side of the

sample, i.e., a 0 /0  geometry. A 0 /180  transmitting geometry often is used in microscopy
(Figure 2c). 
The number of chemical assays and screening methods using fluorescence detection continues
to increase rapidly and has resulted in a corresponding increase in the need for standardization
of fluorescence measurements. Only a few standard methods and reference materials have
been well established and are readily available at present for the characterization of
fluorescence measuring systems. National metrology institutes and international standards
organizations are working to provide new fluorescence standard materials and methods in the
near future. This general chapter briefly discusses the major issues that should be considered
by users of fluorescence instruments who aim to achieve high-quality measurements. Standard
methods and materials also are described where appropriate. A few guidelines and
recommendations have appeared, but this general chapter aims to be most useful to nonexpert
users of fluorescence spectrometers.

INSTRUMENTATION

All modern fluorescence measurements involve irradiating the sample with the beam from a
suitable light source, selecting the excitation wavelength, collecting the resulting fluorescence,
rejecting the Rayleigh-scattered light, selecting the emission wavelength, and detecting the
fluorescence signal. The following functions will be discussed individually, along with the
equipment used to achieve these functions in commercial instruments:

1. excitation light source
2. excitation wavelength selector
3. sampling device
4. emission wavelength selector
5. detector.

Excitation Light Source
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A variety of lamps, lasers, and light-emitting diodes (LEDs) are used as excitation sources.
Continuous and pulsed versions of these sources are used for steady-state and time-resolved
instruments, respectively. Xenon lamps are the most commonly used because of their relatively
high intensity and broad wavelength range (UV to NIR). Lasers are the highest-intensity
sources and are used in applications where short collection times and small amounts of sample
are required, e.g., for flow cytometry or microarrays.

Excitation Wavelength Selector

The intensity of scattered light at the excitation wavelength can be comparable to or greater
than that of the fluorescence at the sample. Therefore, the excitation wavelength profile
should not overlap the emission wavelength region being detected. This is achieved for lamps
by using an excitation wavelength selector (e.g., a filter or a monochromator with a known
peak transmission wavelength and bandwidth) between the lamp and sample. The inherent
bandwidth of the radiation from a laser or an LED often is narrow enough that an excitation
wavelength selector is not necessary. This selector also enables fluorescence excitation
spectra to be resolved.

Sampling Device

The sampling device includes all optics and other equipment needed to deliver the excitation
beam to the sample, collect the emission from the sample, and hold the sample in place. Sample
formats include cuvettes, microwell plates, microarrays, microscope slides, and flow systems
and may be accompanied by a variety of optical delivery and collection systems, including
conventional transmitting, front-face, and epifluorescence systems and fiber optic–based
probes.

Emission Wavelength Selector

As with the selector for excitation, the emission wavelength selector helps to ensure that the
emission wavelength region being detected does not overlap with the excitation wavelength
profile. This approach enables individual fluorescence bands to be detected when multiple
bands are present and allows fluorescence emission spectra to be resolved. Emission
wavelength selectors also are important for the rejection of stray light. Filters,
monochromators, and grating polychromators often are used for emission wavelength selection.

Detector

For the detection of emissions, a photomultiplier tube (PMT) or a charge-coupled device (CCD)
array is placed after the emission wavelength selector. The detection of the excitation beam in
order to monitor its intensity commonly is done by a quantum counter detector or a photodiode
placed before the sample and to which a small fraction of the excitation beam is split off from
the rest.

FACTORS THAT AFFECT QUANTITATION

Instrument-based Factors
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Measurements on a fluorescence instrument require that instrument parameters such as
wavelengths, bandwidths, and detector gain be set. All of these parameters can be set with
varying degrees of repeatability and accuracy, depending on the instrument used. These
factors can introduce measurement uncertainty or bias that is particularly significant when
measured values are compared between instruments. For instance, the measured peak
positions of the emission bands of two analytes may differ between instruments because of a
wavelength bias. A corresponding bias between instruments could be introduced in the results
of an assay that depends on the ratio of the fluorescence intensities at the two specified
emission wavelengths. 
The intensity of the excitation beam can change significantly with excitation wavelength or
with time because of the wavelength dependence of the intensity of the light source and the
transmittance of the excitation wavelength selector or the time dependence of the light source
intensity. Thus analysts should monitor the excitation beam intensity and correct the measured
fluorescence intensity for these fluctuations. This monitoring can be particularly important
when excitation spectra are collected because the excitation intensity often has sharp peaks
and valleys with wavelength when lamp sources such as a xenon (Xe) lamp are used. 
The responsivity of a detection system is not linear with intensity at all intensities, so analysts
should know the linear intensity range of the detection system used. The linear range for most
detection systems ranges from its limit of detection up to a threshold intensity above which the
responsivity becomes increasingly nonlinear with increasing intensity. Analysts should establish
the linear range of the fluorescence detection system before they attempt to calibrate the
responsivity of the detection system. 
The responsivity of the detection system also is a result of the wavelength dependence of the
transmittance of the emission wavelength selector and the responsivity of the detector. These
factors can affect the shape of a measured emission spectrum. 
The diffraction efficiency of gratings and the responsivity of detectors often depend on
polarization. Changes to instrumental polarization settings can result in changes in the observed
excitation intensity and the responsivity of the detection system. Even when polarizers are not
used within the instrument, the excitation beam may be polarized by the optical system itself
and may affect the responsivity of the detection system and is instrument dependent. In
addition, emission polarization effects cannot only cause intensity differences but also can
change spectral correction factors. 
The passing of multiple wavelengths by a diffraction grating can introduce unexpected sharp
peaks into a fluorescence spectrum. So that incident light is diffracted at a desired
wavelength, a grating equation is used to set the angle of the grating with respect to incident
light:

m  = d(sin  + sin ), m = 0, 1, 2, ...

The value of m , not , is fixed, where m is an integer termed the diffraction order.
Therefore, the grating equation can be satisfied by more than one wavelength for a single
grating position. For instance, if a grating in an emission monochromator is set to pass 500-nm
light at first order, it also will pass 250-nm light at second order. As a result, the scattered
light from a 250-nm excitation beam will be detected as a peak at an emission wavelength of
500 nm unless a suitable optical filter is inserted in the beam.

Sample-based Factors

The fluorescence intensity of optically dense samples (e.g., absorbance A > 0.05 at a path
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length of 1 cm) does not increase linearly with concentration because of significant absorption
of the excitation beam and/or emission (reabsorption) by the sample. These inner filter effects
also can greatly reduce the amount of fluorescence that reaches the detector, especially when
a right-angle transmitting geometry is used. The fluorescence intensity can become strongly
dependent on sample position and optical geometry. At even higher concentrations,
aggregation of fluorophores often occurs, causing the shape of the fluorescence spectrum to
be different from that of a dilute sample and also causing nonlinear concentration behavior. 
The fluorescence intensity of a sample may decrease with time of exposure to light because of
photobleaching and photodegradation. This is particularly true of most organic dyes, which are
the most widely used fluorescent probes. Analysts should limit the time that such samples are
exposed to light in order to obtain reproducible fluorescence intensities and in some cases even
reproducible spectral shapes. 
The fluorescence intensity of fluorophores is temperature dependent. Typically, the rates of
fluorescence quenching processes, such as collisional quenching in solutions, increase with
temperature and cause a decrease in fluorescence intensity. Temperature coefficients for
fluorescence intensity for particular fluorophores can be used to correct for this temperature
dependence. 
The absorbance and consequently the intensity of fluorescence from a sample depend on the
orientation of the sample's absorption transition dipole with respect to the polarization of the
excitation light. The polarization of fluorescence is parallel to the direction of polarization of the
fluorescent species' emission transition dipole. Fluorescence polarization is parallel to the
orientation of the fluorescent species' emission transition dipole. Fluorescence anisotropy (r) is
used to describe the extent of polarization of emission and is defined by:

r = (I||  I )/(I|| + 2I )

I|| = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
parallel to the direction of the polarized excitation 
I  = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
perpendicular to the direction of the polarized excitation

A sample whose fluorophores are oriented nonrandomly and have a rotational period that is long
compared to their fluorescence lifetime will emit anisotropic fluorescence. The spectral shape
and intensity of such fluorescence depends on the viewing angle and the instrument's
polarization factors. 
A flourophore's fluorescence intensity and peak position, and sometimes even its spectral
shape, often depend on the environment, including changes caused by the solvent used, the
solution's pH, or the species to which the fluorophore is bound. These factors can be of
particular concern when analysts use reference samples that contain the same fluorophores as
an unknown sample, but in a different environment, to quantify the amount of analyte in its
matrix. 
A Raman signal can introduce peaks into the fluorescence spectrum. The Raman peaks of the
sample's solvent or matrix are those most commonly encountered. For instance, the Raman

peak of water, which is found red-shifted about 3400 cm 1 from the chosen excitation
wavelength, typically is observed in the fluorescence spectrum of any aqueous solution excited
by UV or blue light.
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CALIBRATION OF FLUORESCENCE INSTRUMENTS

Two types of fluorescence instrument calibrations are used. The first and most commonly used
is analyte specific and determines the relationship between the response of the instrument
(fluorescence intensity) and the concentration or amount of a specific analyte. The second is
analyte independent and is intended for spectral instruments. In this case, the wavelength
accuracy for emission and excitation and the spectral responsivity of the detection system are
calibrated across the entire or a continuous part of the wavelength range of the instrument.

Analyte Concentration–Calibration Curves

Calibration curves of instrument response (fluorescence intensity) vs. analyte concentration
are determined using reference materials that contain the analyte of interest. For instance, the
fluorescence intensities of a set of solutions at different, known analyte concentrations that
cover a desirable concentration range can be measured and plotted vs. concentration. The plot
then is fitted to a polynomial, typically a straight line. The resulting calibration curve is both
analyte and instrument specific and can be used to determine analyte concentrations of
unknown samples. This type of calibration may not be accurate when the microenvironment
surrounding the fluorophore is different in the reference and unknown samples. In addition,
users must ensure that the fluorescence intensities of samples are reproducible and do not
decrease over the time when they are being excited and measured because the organic dyes
typically used may be prone to photobleaching. 
At times use of the approach may not be possible. First, organic dyes that are used as
fluorescent probes often are not commercially available at a known, high purity that enables
production of reference solutions. Second, in complex systems where fluorophores are bound to
large molecules, cells, or microbeads, the concentration of bound fluorophores in a solution or
suspension may be difficult to determine. In the latter case, the molecules of equivalent soluble
fluorophore (MESF) scale has been proposed as an alternative way to use calibration curves to
quantify fluorescence intensity for a particular analyte.

Emission Wavelength and Spectral Slit Width

A variety of reference standards have been proposed for use in the determination of emission
wavelength accuracy, including atomic lamps and inorganic and organic fluorophores. The most
widely used and best characterized of these are low-pressure atomic lamps, commonly termed
pen lamps. In this case, the type of pen lamp (e.g., Hg, Ne, Kr, etc.) is chosen so that its
radiated atomic lines are within the desired wavelength range. The lamp is placed at the sample
position so that its light is centered in the optical path of the detection system of the
instrument. The accuracy of this method may decrease if the pen lamp is not properly aligned.
The emission wavelength selector–detector then measures the signal over the wavelength
range of interest. The measured wavelength positions of the resulting sharp peaks then are
compared with the known positions to determine wavelength accuracy. 
The spectral slit width accuracy of the emission wavelength selector can be determined by
measuring the spectral bandwidth, taken to be the full width at half the peak maximum, of a
single line of a pen lamp. For fluorescence spectrometers with both excitation and emission
monochromators, an alternative method can be used when one monochromator is scanned over
the position of the other.
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Excitation Wavelength and Spectral Slit Width

Many of the reference samples that are used for determining emission wavelength accuracy
also can be used for excitation wavelength accuracy. For instance, a pen lamp can be placed
at the excitation light source position so that the resulting spectrum is detected after the
excitation wavelength selector using the instrument's reference detector. However, in this
case, a relatively weak signal may limit the number of useful atomic lines, and therefore
alignment of the pen lamp is more critical in this instance than for the emission wavelength
accuracy determination. 
Once the accuracy of the emission wavelength selector has been determined, use a diffuse
scatterer, e.g., a scattering solution or a diffuse reflector, at the sample to scatter a fraction
of the excitation beam into the detection system to determine excitation wavelength accuracy.
One wavelength selector is set at a fixed wavelength and the other is tuned over the same
wavelength to obtain a spectrum. The wavelength bias between the two wavelength selectors
is equal to the difference between the set wavelength position and the observed peak position
of the collected spectrum. This method can be used at any wavelength, unlike many other
methods that depend on a limited number of set excitation wavelengths determined by the
reference material chosen. Methods similar to those used for spectral slit width accuracy of the
emission wavelength selector also can be used to determine the spectral slit width accuracy of
the excitation wavelength selector.

Linearity of the Detection System

Several approaches are available to determine the detection system's linear intensity range.
They can be separated into three types, based on the tools used to vary the intensity of light
that reaches the detector: 1) double aperture, 2) optical filters and/or polarizers, and 3)
fluorophore concentrations. The double-aperture method is the best established and probably is
the most accurate when done correctly, but it also is the most difficult to perform. A variety of
methods using optical filters, polarizers, or a combination of the two have been reported. These
methods require high-quality, often costly, components and some user expertise. The third
method is the most popular and is easiest. It uses a set of solutions obtained by serial dilution
of a fluorescent stock solution that is similar to one used for obtaining calibration curves for
analyte concentration, as described earlier. In this case, analysts use solutions with low
concentration (A <0.05 at 1-cm path length), but fluorophore adsorption to cuvette walls may
affect measurements at very low concentrations. Users must ensure that the fluorescence
intensities of samples are reproducible and do not decrease over the time that they are being
excited and measured because the organic dyes typically used may be prone to
photobleaching.

Signal Level (Relative Emission)

Calibration of the relative responsivity of the emission detection system with emission
wavelength, also referred to as spectral correction of emission, is necessary for successful
quantification when intensity ratios at different emission wavelengths are compared or when
the true shape or peak maximum position of an emission spectrum must be known. Such a
calibration is required because the relative spectral responsivity of a detection system can
change significantly over its wavelength range (Figure 3). Analysts should know the degree of
photometric precision required for successful quantitation. The linear range of the detection
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system is determined before this calibration is performed, so that appropriate steps are taken
(e.g., the use of attenuators) to ensure that all intensities measured during this calibration are
within the linear range. When one uses an emission polarizer, the spectral correction for
emission depends on the polarizer setting. 
Two methods are preferred for calibrating photometric responsivity: One (Method A) uses light
from a calibrated source (CS), and the other (Method B) uses certified reference materials
(CRMs). Both give results that are traceable to national metrology institutes. A calibrated
tungsten white light source is used most commonly for Method A and covers the wavelength
range from about 350 nm into the NIR. Standard reference materials from the US National
Institute of Standards and Technology and CRMs from the German Federal Institute for
Materials Research and Testing currently are available for use in Method B. Corrected emission
spectra of some commonly used dyes also have been reported in the literature. Method A is
more difficult to implement than Method B and requires periodic recertification of the CS, which
is more expensive over time. A third method, Method C, uses a calibrated detector and a
calibrated diffuse reflector. This method typically has larger uncertainties than Method A and
Method B but is recommended in UV and NIR wavelength regions that are not covered by the
other two methods.

Figure 3. Example of the relative spectral responsivity of an emission detection system (PMT-
based grating monochromator) for which a correction must be applied to a measured emission

spectrum to obtain the true spectral shape (relative intensities).

METHOD A

In Method A, analysts direct CS light into the emission detection system by placing the CS at
the sample position. If the CS is too large to be placed at the sample position, analysts can
place a calibrated diffuse reflector (CR) at the sample position to reflect the light from the CS
into the emission detection system. The emission wavelength selector is scanned over the
emission region of interest using the same instrument settings as used with the sample, and the
signal channel output (S¢¢) is collected. The known radiance of the CS incident on the detection
system (L) can be used to calculate the relative correction factor (CCS) so that CCS = L/S¢¢. The
corrected emission intensity is equal to the product of the signal output of the sample and CCS.

METHOD B

In Method B, analysts place the fluorescence standard at the sample position. Its spectrum is
collected and is compared to the certified spectrum according to the instructions given on the
accompanying certificate, which yields spectral correction factors for the instrument.

METHOD C

Method C involves two steps: Step 1 uses a calibrated detector (CD) at the sample position to
measure the flux of the excitation beam as a function of excitation wavelength. Step 2 uses a
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CR to reflect a known fraction of the flux of the excitation beam into the detection system.

This is done by placing the CD at the sample position at a 45  angle, assuming a 0 /90
instrument geometry, and synchronously scanning both the excitation and emission wavelength
selectors over the emission region of interest while collecting both the signal output and the
reference output. This method allows analysts to calculate the relative correction factor. This
method has larger uncertainties than those for Method A or Method B and typically is more
difficult to implement.

Reference Signal Level (Relative Excitation)

Calibration of the excitation intensity with excitation wavelength is necessary for successful
quantitation when analysts compare intensity ratios at different excitation wavelengths or
when analysts must know the true shape or peak maximum position of an excitation spectrum.
Such a calibration is necessary because the relative spectral flux of an excitation beam at the
sample can change extensively over its wavelength range (see Figure 4). The neglect of
excitation intensity correction factors can cause even greater errors than neglect of emission
correction factors. Fortunately, many fluorescence instruments have a built-in reference
detection system to monitor the intensity of the excitation beam. This monitoring usually is
done using a photodiode, PMT, CCD, or a quantum counter detector to measure a fraction of
the excitation beam that is split off from the rest of the beam. The collected reference signal
can be used to correct the fluorescence signal for fluctuations caused by changes in the
excitation beam's intensity. Reference detectors often are not calibrated with excitation
wavelength, which introduces errors that can be particularly large over longer excitation
wavelength ranges (e.g., greater than 50 nm) or in a wavelength region where the excitation
intensity changes rapidly with excitation wavelength (e.g., the UV range). When an excitation
polarizer is used, the spectral correction for excitation intensity depends on the polarizer
setting.

Figure 4. Example of the relative flux of an excitation beam (Xe lamp grating monochromator)
for which a correction must be applied to a measured excitation spectrum in order to obtain its

true spectral shape.

When a reference detector is not built into an instrument, a spectral correction for the
reference channel or an independent spectral correction of excitation intensity is required.
Three methods can be used to determine the spectral correction of excitation intensity: a CD
(Method 1); a calibrated diffuse reflector (Method 2); or a quantum counter (Method 3). The
latter two methods use the instrument's fluorescence detection system as a detector. 
For Methods 1 and 2 the detector and diffuse reflector are calibrated for responsivity and
reflectance, respectively, as a function of wavelength. For Method 2, excitation and emission
wavelength selectors are scanned synchronously, and the spectral correction for the emission
channel [see Signal Level (Relative Emission)] must be applied to the measured intensities.
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Method 3 should be used only in the quantum counter's effective wavelength range where a
wavelength-independent response can be achieved. This method is probably the least
expensive of the three to implement because no calibrations or recalibrations are required.
Method 1 using a CD has fewer caveats than do the other two methods. A CD is placed in the
sample position, and the output is measured as a function of emission wavelength by scanning
the excitation wavelength selector over the excitation region of interest using the same
instrument settings as those used with the sample. The known responsivity of the CD is used
to calculate the flux of the excitation beam. If the instrument's reference detector is used to
measure the intensity of the excitation beam simultaneously with the CD, then the correction
factor for the responsivity of the reference detector also can be calculated.

Intensity and Sensitivity

As explained in the Quantitative Fluorescence Measurements section, the absolute value of the
fluorescence signal measured by the detection system depends not only on the sample itself
but also on the excitation intensity of the sample and the optical geometry of the instrument.
Therefore, determination of instrument-independent fluorescence intensity of any sample or the
absolute responsivity of any detection system in terms of the intensity of the sample or
measured by the detector, respectively, relative to the excitation intensity can be difficult. 
The most accurate way to calibrate an instrument for absolute intensity is to use conventional
standards-based methods such as those that employ a calibrated light source or a calibrated
detector in combination with a calibrated reflector. These methods require user skill and
knowledge. Also, the (typically annual) certification and recertification are expensive. In
addition, these standards tend to be bulky and are not compatible with many instruments.
Thus, most researchers use simpler alternative standards and methods. 
One approach is to correlate fluorescence signals to analyte concentrations using calibration
curves or MESF units (see Analyte Concentration–Calibration Curves). Another approach is to
measure the intensity of a standard sample that can be expected to always give the same
fluorescence intensity under the same conditions. 
Organic dyes, such as those used as fluorescent probes, generally are not good choices for
intensity standards because of issues with photobleaching, stability, and reproducible
concentration. If organic dyes are used, then those with known high purity and known shelf
life, such as those produced by national metrology institutes, are recommended for single use
(i.e., analysts should use a fresh solution for every measurement). 
A better alternative is to use fluorescent samples that are stable over time even when exposed
to light. For example, fluorescent, inorganic glasses with well-characterized photostability and
spectral properties and long shelf lives are commercially available. Such materials can be used
for determining a quasi-absolute intensity scale by measuring fluorescent signal at fixed
wavelength values within their recommended range using specified experimental parameters
such as bandwidths, excitation intensities, and temperatures. 
The sensitivity of a fluorescence instrument is determined by measuring the signal-to-noise
ratio of the fluorescence signal of intensity standards. The Raman line of water often is used to
measure sensitivity in a similar way, but the Raman signal typically is strong enough only to be
useful in the UV region. Analysts can use organic dye solutions to measure instrument
sensitivity or limits of detection with caveats that are identical to those that apply when the
solutions are used as intensity standards. 
The methods outlined here yield a quasi-absolute intensity scale that should be instrument
independent for instruments with similar optical geometries and designs. Results of these
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measurements enable comparison of the sensitivity of different fluorescence instruments, but
these comparisons should be approached with caution because of the relatively large and
difficult-to-quantify uncertainties involved.

PROCEDURE VALIDATION

Validation of an analytical procedure using fluorescence demonstrates that the result is valid
within a specified, acceptable uncertainty budget. Instrument qualification, which also may
involve instrument calibration, usually is part of the process, and analysts also must consider
sample-related errors (see Sample-based Factors). These can arise from concentration,
anisotropy, photostability, and shape of the sample, in combination with effects of the
instrument's optical geometry. All suspected errors should be quantified and combined to give a
total estimated error that must be less than the method-specific, acceptable limit.

APPENDIX: DEFINITIONS

Absorptivity (a): A measure of the absorption of radiation from an incident beam as it
traverses a sample, which is equal to the quotient of: 

A/bc

A = absorbance 
b = path length (cm) 
c = concentration (mg/mL)

Also referred to as specific absorption coefficient by the International Union of Pure and Applied
Chemistry.

Absorption Coefficient ( ): A measure of absorption of radiation from an incident beam as it
traverses a sample according to Bouguer's Law: 

I/I0 = e–ab

I = transmitted intensity 
I0 = incident intensity 
e = base of natural logarithm 
b = path length of the beam through the sample

Note that transmittance T = I/I0 and absorbance A = log T.

Beer–Lambert Law (or Beer's Law or Beer–Lambert–Bouguer Law): In the absence of any

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

A  = cb

 = molar absorptivity 
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c = solute concentration (M/L) 
b = path length (cm)

Calibrated Detector (CD): A light detector whose responsivity as a function of wavelength
has been determined along with corresponding uncertainties.

Calibrated Light Source (CS): A light source whose radiance as a function of wavelength has
been determined along with corresponding uncertainties.

Calibrated Diffuse Reflector (CR): A Lambertian reflector whose reflectance as a function of
wavelength has been determined along with corresponding uncertainties.

Certified Reference Material (CRM): A material with properties of interest, the values and
corresponding uncertainties of which have been certified by a standardizing group or
organization. A “reference material, accompanied by documentation issued by an authoritative
body and providing one or more specified property values with associated uncertainties and
traceabilities, using valid procedures” (VIM 5.14).

Diffuse Scatterer: A material that scatters light in multiple directions. This includes diffuse
reflectors, which often are Lambertian, and scattering solutions, which are not Lambertian.

Fluorescence Anisotropy (r): A measure of the degree of polarization of fluorescence: 

r = (I||  I )/(I|| + 2I )

I|| = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
parallel to the direction of the polarized excitation 
I  = observed fluorescence intensity when the fluorometer's emission polarizer is oriented
perpendicular to the direction of the polarized excitation

Fluorescence Band: A region of a fluorescence spectrum where the intensity passes through
a maximum, usually corresponding to a discrete electron transition.

Fluorescence Lifetime:1 A parameter describing the time decay of the fluorescence intensity
of a sample component. If a sample decays by first-order kinetics, this is the time required for
its fluorescence intensity and corresponding excited-state population to decrease to 1/e of its
initial value.

Fluorescence Quantum Efficiency: The ratio of the number of fluorescence photons leaving
an emitter vs. the number of photons absorbed.

Fluorescence Quantum Yield (FF): The probability that a molecule or species will fluoresce
once it has absorbed a photon. This quantity is an innate property of the species and typically
is calculated for a sample as the ratio of the number of molecules that fluoresce vs. the number
of molecules that absorb.

Flux (or Radiant Flux): The rate of propagation of radiant energy, typically expressed in
watts. Spectral flux is the flux per unit spectral bandwidth, typically expressed in watts per
nanometer.

Grating Equation: It describes the relationship between the angle of diffraction and the
wavelength of radiation that is incident on a grating: 

m  = d(sin  + sin )
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m  = d(sin  + sin )

m = diffraction order 
d = groove spacing on the grating 

 = angle of the incident wavefront relative to the grating normal 

 = angle of the diffracted wavefront relative to the grating normal

Inner Filter Effects: A decrease in the measured quantum efficiency of a sample caused by
extensive absorption of the excitation beam or reabsorption of the emission by the sample
itself. This causes the measured quantum efficiency to depend on the absorbance,
concentration, and excitation and emission path lengths of the sample.

Intensity: A measure of the amount of electromagnetic energy present. This general definition
is synonymous with or directly proportional to the signal output of a photodetector or the flux
of a sample or light source. A more specific definition often used in radiometry is: the radiant
flux per unit solid angle from a point source, which typically is expressed as: 

W/sr

sr = SI unit of solid angle, or steradian

Lambertian Reflector: A surface that reflects light according to Lambert's law, i.e., the light is
unpolarized and has a radiance that is isotropic or independent of viewing angle.

Limit of Detection (LOD): An estimate of the lowest concentration of an analyte that can be
measured with a given procedure, often taken to be the analyte concentration with a measured
signal-to-noise ratio of 3.

Noise Level: The peak-to-peak noise of a blank.

Photobleaching: A loss of emission or absorption intensity by a sample caused by exposure to
light. This loss can be reversible or irreversible, and the latter typically is referred to as
photodegradation or photodecomposition.

Quantum Counter: A photoluminescent emitter with a quantum efficiency that is independent
of excitation wavelength over a defined spectral range. When a quantum counter is combined
with a detector to give a response proportional to the number of incident photons, the pair is
called a quantum counter detector.

Quasi-absolute Fluorescence Intensity Scale: A fluorescence intensity scale that has been
normalized to the intensity of a fluorescent reference sample or artifact under a fixed set of
instrumental and experimental conditions. This artifact should demonstrably yield a fluorescence
intensity that is reproducible with time and between instruments under a fixed set of
conditions.

Raman Scattering: The inelastic scattering of radiation (the wavelengths of the scattered and
incident radiation are not equal) by a sample that occurs because of changes in the
polarizability of the relevant bonds of a sample during a molecular vibration. Unlike fluorescence,
the radiation being scattered is not required to be in resonance with electronic transitions in
the sample.

Rayleigh Scattering: The elastic scattering of radiation by a sample; i.e., the scattered
radiation has the same energy (same wavelength) as the incident radiation.
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Responsivity (Spectral): The ratio of the photocurrent output and the radiant power
collected by a light-detection system. Spectral responsivity is the responsivity per unit spectral
bandwidth.

Sensitivity: A measure of an instrument's ability to detect an analyte under a particular set of
conditions.

Spectral Bandwidth (or Spectral Bandpass or Resolution): A measure of the capability of a
spectrometer to separate radiation or resolve spectral peaks of similar wavelengths.

Spectral Slit Width: The mechanical width of the exit slit of a spectrometer divided by the
linear dispersion in the exit slit plane.

Transition Dipole Moment: An oscillating dipole moment induced in a molecular species by an
electromagnetic wave that is resonant with an energy transition of the species, e.g., an
electronic transition. Its direction defines the transition polarization, and its square determines
the intensity of the transition.

1  Boens N, Qin W, Basaric N, et al., Fluorescence lifetime standards for time and frequency domain
fluorescence spectroscopy. Anal Chem. 2007;79(5):2137–1249. 

BRIEFING

Nitrogen Certified Standard. The proposal for this new reagent published on page 990 of
PF 35(4) [July–Aug. 2009], in Reagents, Indicators, and Solutions, is canceled and replaced
with this revised proposal. This reagent is used in the Assays of the monographs for Medical Air,
Oxygen, and Oxygen 93 Percent, which appear elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C120576

Comment deadline: March 31, 2013

Add the following:
Nitrogen Certified Standard—A suitable NLT 99.99% nitrogen certified standard is available

from most suppliers of specialty gases. 

BRIEFING

Oxygen Certified Standard. The proposal for this new reagent published on page 1339 of
PF 35(5) [Sept.–Oct. 2009] is canceled and replaced with this revised proposal. This reagent is
used in the Assay of the monograph for Oxygen, which appears elsewhere in this issue of PF.

(HDQ: M. Marques.)
Correspondence Number—C120632

Comment deadline: March 31, 2013

Add the following:
Oxygen Certified Standard—A suitable NLT 99.99% oxygen certified standard is available

from most suppliers of specialty gases. 

BRIEFING

21% Oxygen Certified Standard. The proposal for this new reagent published on page 991
of PF 35(4) [July–Aug. 2009], in Reagents, Indicators, and Solutions, is canceled and replaced
with this revised proposal. This reagent is used in the Assay of the monograph for Medical Air,
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which appears elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C120575

Comment deadline: March 31, 2013

Add the following:
21% Oxygen Certified Standard—A suitable certified standard mixture of 21.0 ± 0.3%

absolute oxygen in nitrogen is available from most suppliers of specialty gases. 

BRIEFING

93% Oxygen Certified Standard. The proposal for this new reagent published on page 991
of PF 35(4) [July–Aug. 2009], in Reagents, Indicators, and Solutions, is canceled and replaced
with this revised proposal. This reagent is used in the Assay of the monograph for Oxygen 93
Percent, which appears elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C120631

Comment deadline: March 31, 2013

Add the following:
93% Oxygen Certified Standard—A suitable certified standard mixture of 93.0 ± 0.1%

absolute oxygen in nitrogen is available from most suppliers of specialty gases. 
TEST SOLUTIONS

BRIEFING

2% Ninhydrin pH 5.2 TS. It is proposed to add this new Test Solution used in the test for
Limit of Soluble Oligomers in the monograph for Sevelamer Carbonate.

(HDQ: M. Marques.)
Correspondence Number—C100041

Add the following:
2% Ninhydrin pH 5.2 TS

—It contains ninhydrin and hydrindantin in DMSO and lithium acetate buffer, pH 5.2. It is a
burgundy liquid. It is sensitive to air and will oxidize to a yellow color at which time it should not

be used. Store at 2 –8 , and protect from light, under nitrogen or argon gas. Use a suitable
grade.
[Note—A suitable grade is available as catalog number N7285 from www.sigma-aldrich.com.]

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, page 5795 of the Second Supplement to
USP 35.

(HDQ.)
Correspondence Number—C49322; C54645; C93091; C101995

The following table is provided as a reminder for the pharmacist engaged in the typical

USP37

USP37

USP37

PF 39(1): Jan.-Feb. 2013 200



dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:
Artemether and Lumefantrine Tablets W, LR

Add the following:
Carbidopa and Levodopa Extended-Release Tablets W, LR

Add the following:
Lamivudine Tablets T, LR

Add the following:
Topiramate Capsules T

BRIEFING

Description and Relative Solubility of USP and NF Articles, page 5805 of the Second
Supplement to USP 35.

(HDQ.)
Correspondence Number—C93991; C119297

Add the following:
Lumefantrine: Yellow crystalline powder. Freely soluble in N,N-dimethylformamide, in

chloroform, and in ethyl acetate; soluble in dichloromethane; slightly soluble in ethanol and in
methanol; practically insoluble in water. 

Add the following:
Topotecan Hydrochloride: Yellow to yellow-orange solid. Soluble in water; insoluble in

dichloromethane and in 1-propanol. 

BRIEFING

Flax Oil. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is proposed.

(DS: H. Dinh.)
Correspondence Number—C114883

Comment deadline: March 31, 2013

Add the following:
Flax Oil

[8001-26-1].
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DEFINITION

Flax Oil is derived from flaxseed or linseed (Linum usitatissimum L.). The oil is extracted from
the hard, tiny seeds by cold pressing. No solvents or external heat are employed in the
extraction process. It contains no added substances.

IDENTIFICATION
•  A. It meets the requirements in Specific Tests for Fats and Fixed Oils, Fatty Acid

Composition 401 .

IMPURITIES

•  Fats and Fixed Oils, Trace Metals 401 : Meets the requirements for arsenic, lead,
mercury, and cadmium

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 2.0

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 10.0

•  Fats and Fixed Oils, Iodine Value 401 : 150–165

•  Fats and Fixed Oils, Saponification Value 401 : 180–190

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.1

•  Fats and Fixed Oils, Fatty Acid Composition 401 : Flax Oil exhibits the composition profile
of fatty acids in Table 1.

Table 1

Fatty
Acid

Shorthand
Notation

Percentage
(%)

Palmitic acid 16:0 2.0–7.5
Stearic acid 18:0 1.0–6.0
Oleic acid 18:1 12.0–24.0
Linoleic acid 18:2 11.0–23.0
Alpha linoleic acid 18:3 50.0–65.0

•  Refractive Index 831 : 1.460–1.490 at 20

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.

BRIEFING

Quercetin. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is being proposed. The liquid chromatographic procedures in the Assay and the
test for Related Compounds are based on analyses performed with the Phenomenex Inertsil
100A ODS-3 brand of L1 column. Typical retention times observed for quercetin, kaempferol,
and isorhamnetin are 14.7 min, 26.5 min, and 29.5 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C70860
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Comment deadline: March 31, 2013

Add the following:
Quercetin

C15H10O7       302.2 

2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-4-one;     
Quercetin dihydrate           338.2 
[6151-25-3].

DEFINITION

Quercetin contains NLT 98.0% and NMT 102.0% of quercetin (C15H10O7), calculated on the
anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K . [Note—The substance is a dihydrate.]

•  B. Ultraviolet Absorption 197U
Wavelength range:  210–450 nm
Sample solution:  10 µg/mL of Quercetin in methanol. Filter if necessary.
Acceptance criteria:  The spectrum exhibits two absorption maxima at 255 nm and 371 nm.

The absorptivity at the maximum at 371 nm is 75.5–80.0, calculated on the anhydrous
basis.

•  C. HPLC Identification Test
Analysis:  Proceed as directed in the Assay.
Acceptance criteria:  The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Methanol, water, and phosphoric acid (100:100:1)
System suitability solution:  0.02 mg/mL each of USP Quercetin RS, USP Kaempferol RS,

and USP Isorhamnetin RS in methanol
Standard solution:  Transfer 10 mg of USP Quercetin RS to a 50-mL volumetric flask, and

add 20 mL of methanol to dissolve. Add 20 mL of water, mix, and dilute with methanol to
volume.

Sample solution:  Transfer 10 mg of Quercetin to a 50-mL volumetric flask, and add 20 mL
of methanol to dissolve. Add 20 mL of water, mix, and dilute with methanol to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 370 nm
Column:  4.6-mm × 25-cm; packing L1
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Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for quercetin, kaempferolare, and isorhamnetin are

1.0, 1.8, and 2.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between kaempferol and isorhamnetin, System suitability solution
Column efficiency:  NLT 2000 theoretical plates
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of Quercetin in the portion of Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Quercetin RS in the Standard solution (mg/mL)
CU= concentration of Quercetin in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals 231 : NMT 20 µg/g
•  Kaempferol and Other Related Compounds

Mobile phase, System suitability solution, Standard solution, Sample solution, and
System suitability:  Proceed as directed in the Assay.

Chromatographic system:  Proceed as directed in the Assay but use UV detection at 270
nm.

Analysis 
Sample:   Sample solution

Calculate the percentage of each individual impurity in the portion of the Sample taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity from the Sample solution
rT= sum of the responses of all the peaks from the Sample solution
Acceptance criteria 

Kaempferol:  NMT 0.5%
Individual impurities:  NMT 0.1%
Total impurities:  NMT 2.0%

SPECIFIC TESTS

•  Water Determination, Method Ia 921
Sample:  100 mg
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Acceptance criteria:  NMT 12.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.

•  USP Reference Standards 11
USP Isorhamnetin RS
USP Kaempferol RS
USP Quercetin RS 

BRIEFING

Red Clover, USP 35 page 1418. It is proposed to expand the Definition to include the aerial
parts, instead of only inflorescence, in order to reflect the article commonly found in
commerce. It is also proposed to revise the TLC Identification test and limits for Heavy
Metals, and to include the use of new USP reference materials for biochanin A, daidzein,
genistein, and hyperoside.

(DS: M. H. Sharaf.)
Correspondence Number—C120516

Comment deadline: March 31, 2013
Red Clover

DEFINITION

Change to read:

Red Clover consists of the inflorescence
aerial parts

of Trifolium pratense L. (Fam. Fabaceae). It contains NLT 0.5% of isoflavones, calculated on
the dried basis, as the sum of daidzein, genistein, formononetin, and biochanin A.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: Transfer 100 mg of USP Powdered Red Clover Extract RS to a screw-
capped centrifuge tube. Add 1 mL of a mixture of alcohol and water (7:3), and heat in a
steam bath for 10 min. Centrifuge, and use the clear supernatant.

Sample solution: Transfer 1 g of the powdered plant material to a screw-capped
centrifuge tube. Add 10 mL of a mixture of methanol and water (3:2), heat in a steam
bath for 10–15 min, cool, and filter.

Chromatographic system  

(See Chromatography, 621  Thin-Layer Chromatography.)
Adsorbent: 0.25 mm Layer of chromatographic silica gel mixture
Application volume: 20–30 µL, in bands 2 cm long
Developing solvent system: Ethyl acetate, formic acid, glacial acetic acid, and water

(100:11:11:27)
Spray reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
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Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis 

Samples: Standard solution and Sample solution

Develop the chromatograms to a length of NLT 18 cm, and dry the plate in a current of
air. Spray the plate with Spray reagent A followed by Spray reagent B, and examine the
plate under UV light at 365 nm.

Acceptance criteria: The Sample solution chromatogram exhibits a blue zone, a yellowish-
green zone, and a yellowish-orange zone at RF values of about 0.70, 0.55, and 0.50,
respectively, corresponding in color and RF to zones in the chromatogram of the Standard
solution. Other colored zones of varying intensities may be observed in the chromatogram
from the Sample solution.

Add the following:
•  A. Red Clover meets the requirements under Specific Tests, Botanic Characteristics. 

Add the following:
•  B. Thin-Layer Chromatography

Presence of biochanin A and formononetin 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:  0.5 mg/mL of USP Biochanin A RS in methanol
Standard solution B:  0.5 mg/mL of USP Formononetin RS in methanol
Standard solution C:  10 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.

Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
the supernatant.

Sample solution:  Transfer 0.5 g of finely pulverized Red Clover to a centrifuge tube, add

5 mL of Solvent B, shake to disperse, heat in a water bath at 60 –80  for 10 min, cool,
centrifuge, and use the supernatant. [Note—Reserve a portion of the supernatant for
Identification test C.]

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL each of Standard solution A, Standard solution B, and

Sample solution, and 3 µL of Standard solution C as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, toluene, and formic acid

(30:70:1)
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution 
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber. Remove the
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plate from the chamber, heat at 100  for 5 min, derivatize the plate while still warm
with the Derivatization reagent, dry in air, and examine under UV light at 365 nm.

System suitability:  Standard solution C exhibits, at about the middle of the
chromatogram, a greenish band corresponding to the band due to biochanin A in the
chromatogram of Standard Solution A, and a bluish band, at about one third of the
chromatogram, corresponding to formononetin in the chromatogram of Standard
Solution B. Below the band due to formononetin, the Standard solution C
chromatogram exhibits a red band in the lower third section of the chromatogram.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
main bands similar in positions and colors to the corresponding bands in the
chromatogram of Standard solution C: two greenish bands at about the middle of the
chromatogram (distinction from white clover, soy, and alfalfa), one of these greenish
bands corresponds to the band due to biochanin A in the chromatogram of Standard
Solution A; and a bluish band at about one third of the chromatogram, corresponding
to the band due to formononetin in the chromatogram of Standard solution B; below
the band due to formononetin, the Sample solution chromatogram exhibits a red band
in the lower third section of the chromatogram.

Add the following:
•  C. Thin-Layer Chromatography

Presence of flavone glycosides 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:  0.1 mg/mL of USP Hyperoside RS in methanol
Standard solution B:  25 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.

Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
the supernatant.

Sample solution:  Use the solution as prepared in Identification test B.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL of Standard solution A, 8 µL of Standard solution B, and 2 µL

of Sample solution as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, formic acid, glacial acetic

acid, and water (100:11:11:27)
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber. Remove the

plate from the chamber, heat at 100  for 5 min, derivatize the plate while still warm
with Derivatization reagent, dry in air, and examine under UV light at 365 nm.
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System suitability:  Standard solution B exhibits, at about the middle of the
chromatogram, two yellow bands, the lower band corresponds in color and RF to the
band due to hyperoside in the chromatogram of Standard Solution A, the upper yellow
band is due to isoquercitrin; two green bands, or a broad green band, above the
yellow bands; and a blue band in the upper third section of the chromatogram. The
yellow bands due to hyperoside and isoquercitrin are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands similar in positions and colors to the corresponding bands in the chromatogram
of the Standard solution B: a yellow band at about the middle of the chromatogram
corresponding to the band due to hyperoside in the chromatogram of Standard
Solution A; another yellow band; at an RF slightly higher than that of hyperoside; two
green bands, or a broad green band, above the yellow bands; and a blue band in the
upper third section of the chromatogram.

Change to read:
•  B

D.
HPLC Identification Test

Analysis:  Proceed as directed for Content of Isoflavones. 
Using the values obtained in the test for Content of Isoflavones, calculate the ratio of
5,7-dihydroxyisoflavones to 7-hydroxyisoflavones:

Result = (B + G)/(D + F)

B= percentage of biochanin A
G= percentage of genistein
D= percentage of daidzein
F= percentage of formononetin
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks for daidzein,

genistein, formononetin, and biochanin A at retention times that correspond to those in
the chromatogram of Standard solution A, and the ratio of 5,7-dihydroxyisoflavones to 7-
hydroxyisoflavones is between 0.1 and 10.

COMPOSITION

Change to read:
•  Content of Isoflavones

Solution A:  Acetonitrile and water (1:3) containing 0.05% trifluoroacetic acid
Solution B:  Acetonitrile containing 0.05% trifluoroacetic acid
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
2 100 0

2.5 87 13
7.5 80 20
7.8 73 27
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8.0 55 45
11.0 50 50
13.0 40 60
15.0 26 74
16.0 0 100
18.1 100 0
23.0 100 0

Solvent:  Alcohol and water (1:1)
Standard stock solution A:  Transfer a quantity of USP Powdered Red Clover Extract RS,

equivalent to 30 mg of the labeled content of isoflavones, to a 250-mL volumetric flask.
Add 15 mL of dehydrated alcohol, sonicate until dissolved, and dilute with Solvent to
volume.

Standard solution A:  Evaporate 50 mL of Standard stock solution A to dryness under
vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid of 15 mL of alcohol, to a 50-mL
volumetric flask, and dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-µm or finer pore size.

Standard solution B:  0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP Daidzein RS, and 0.1 mg/mL of USP
Biochanin A RS

in a mixture of n-propanol and water (1:1). Sonicate, and filter through a membrane of
0.45-µm or finer pore size.

Sample stock solution:  Transfer about 2.5 g of ground plant material, accurately weighed,
into a 120-mL flask with a stopper. Add exactly 100 mL of Solvent, close the flask, and
shake on an orbital or wrist-action shaker for NLT 12 h.

Sample solution:  Evaporate 50 mL of the Sample stock solution to dryness under vacuum

at 40 . Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer this solution, with the aid of 15 mL of alcohol, to a 50-mL
volumetric flask, and dilute with Solvent to volume. Filter through a membrane of 0.45-µm
or finer pore size, discarding the first 4 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; end-capped 5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution A
and Standard solution B

Suitability requirements 
Chromatogram similarity:  The chromatogram from Standard solution A is similar to

the reference chromatogram provided with the lot of USP Powdered Red Clover Extract
RS being used.

Tailing factor:  NMT 2.0 for the formononetin peak,
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Standard solution B
Relative standard deviation:  NMT 2.0%,
determined from the formononetin peak in repeated injections, Standard solution B

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the peaks corresponding to daidzein, genistein, formononetin, and biochanin A in
the Sample solution chromatogram by comparison with the chromatogram obtained from
Standard solution A and the reference chromatogram. Measure the areas of the analyte
peaks. 
Separately calculate the percentages of daidzein, genistein, formononetin, and biochanin
A in the portion of Red Clover taken:

Result = (rU/rS) × CS × (V/W) × 1/F × D × 100

Result = (rU/rS) × CS × (V/W) × D × 100

rU= peak response for each relevant isoflavone from the Sample solution
rS= peak response for formononetin

peak response for daidzein, genistein, formononetin, or biochanin A
from Standard solution B

CS= concentration of USP Formononetin RS
daidzein, genistein, formononetin, or biochanin A

in Standard solution B (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Red Clover used to prepare the Sample solution (mg)
F= conversion factor for each analyte: daidzein, 0.97; genistein, 1.13; formononetin, 1.00;

biochanin A, 1.05

D= dilution factor to prepare the Sample solution from the Sample stock solution, 1
Acceptance criteria:  Add the percentages of daidzein, genistein, formononetin, and

biochanin A. NLT 0.5% of isoflavones on the dried basis

CONTAMINANTS

Delete the following:

•  Heavy Metals 231 : NMT 10 µg/g 

Add the following:

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 1.0 µg/g
Cadmium:  NMT 0.5 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements
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•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
106 cfu/g, the total combined molds and yeast count does not exceed 104 cfu/g, and the
enterobacterial count is NMT 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

SPECIFIC TESTS

Change to read:
•  Botanic Characteristics

Macroscopic:  Red Clover inflorescences are ovoid with a rounded summit, mostly 12–34
mm in length and width, usually on a very short stalk, shriveled, purplish, and more or less
brown from drying, consisting of many papilionaceous flowers, crowded together and
clothed at the base with broad, pointed, pale green ciliate stipules with darker veins. The
flowers which may or may not be accompanied by diminutive trifoliate leaves,

are up to 15 mm in length and have the following: five green, hairy, subulate calyx teeth,
one longer than the other four; petals united into a more or less campanulate tube,
somewhat recurved, and colorless with pinkish purple veins; diadelphous stamens; slender
style; a faintly aromatic, somewhat tea-like odor; and a sweet, then slightly bitter taste.
Leaves trifoliolate, petiolate, stipulate, with stipules fused to petiole; leaflets petiolulate,
obovate to oblong-obovate or broadly elliptical

Microscopic:   Epidermis of calyx composed of polygonal cells with faintly striated cuticle
and occasional anomocytic stomata on the outer epidermis only; abundant, uniseriate,
covering trichomes with two small, thin-walled basal cells and a thick-walled tapering end
cell, up to 1 mm in length with a warty cuticle. Glandular trichomes are also present,
particularly on the lower epidermis, each with a one- or two-celled stalk and a large,
cylindrical head composed of several cells arranged in two rows. Epidermal cells of the
corolla, papillose at the tip, are elongated with slightly wavy walls and a strongly striated
cuticle; vascular strands of corolla and calyx are surrounded by a crystal sheath
containing prismatic crystals of calcium oxalate. The following are also present: fibrous
layer of anthers; subspherical pollen grains, 20–48 µm in diameter with smooth exine,
three distinct pores, and three furrows; upper epidermal cells of leaflets with sinuous and
slightly beaded anticlinal walls; lower epidermis with sinuous to wavy walls; anomocytic
stomata on both surfaces, but more frequent on the lower surface; abundant covering
trichomes on both surfaces and on the margins; and fibrovascular strands surrounded by a
crystal sheath containing prismatic crystals of calcium oxalate

Flower:  Epidermis of calyx composed of polygonal cells with faintly striated cuticle and
occasional anomocytic stomata on the outer epidermis only; covering trichomes
abundant, uniseriate, with two small thin-walled basal cells, and a thick-walled tapering
end cell, up to 1 mm in length with a warty cuticle; glandular trichomes present,
particularly on the lower epidermis, each with a one- or two-celled stalk and a head
composed of several cells arranged in two rows; epidermal cells of the corolla, papillose
at the tip, elongated with slightly wavy walls and a strongly striated cuticle; vascular
strands of corolla and calyx are surrounded by a crystal sheath containing prismatic
crystals of calcium oxalate; fibrous layer of anthers; subspherical pollen grains, 20–48
µm in diameter with smooth exine, three distinct pores, and three furrows.
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Transverse section of leaf:  Dorsiventral; one to three rows of pallisade cells under the
upper upper epidermis; mesophyll made of spongy parenchyma cells; lower epidermis;
covering trichomes on both epidermis, and are similar to those found on the flowers;
glandular trichomes, more close to the veins on the lower epidermis, and are similar to
those found on the flowers; collateral vascular bundles, surrounded by a crystal
sheath containing prismatic crystals of calcium oxalate.

Transverse section of stem:  It shows ridges along the surface, with groups of
collenchyma cells under the epidermal layer of the ridges; epidermis followed by a few
layers of parenchyma cells; a wide central parenchymatous pith, surrounded by groups
of vascular bundles that are separated by thick-wall, lignified parenchyma cells.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Articles of Botanical Origin, Water-Soluble Extractives, Method 2 561 : NLT 15.0%

•  Loss on Drying 731

Analysis:  Dry 1 g at 105  for 2 h.
Acceptance criteria:  NMT 12.0%

•  Articles of Botanical Origin, Total Ash 561 : NMT 10.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in a well-closed, light-resistant container, protected from

moisture.
•  Labeling: The label states the Latin binomial and, following the official name, the parts of

the plant contained in the article.

Change to read:

•  USP Reference Standards 11
USP Biochanin A RS

USP Daidzein RS 
USP Formononetin RS 
USP Genistein RS

USP Hyperoside RS 
USP Powdered Red Clover Extract RS

BRIEFING

Red Clover Tablets, USP 35 page 1423—See the Briefing under Red Clover.

(DS: M. H. Sharaf.)
Correspondence Number—C120716

Comment deadline: March 31, 2013
Red Clover Tablets

DEFINITION

Red Clover Tablets contain Powdered Red Clover Extract. Tablets contain NLT 90.0% and NMT
110.0% of the labeled amount of Powdered Extract, calculated as isoflavones.
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IDENTIFICATION
•  A. HPLC Identification Test

Analysis:  Proceed as directed for the Content of Isoflavones. 
Using the values obtained in the test for Content of Isoflavones, calculate the ratio of
5,7-dihydroxyisoflavones to 7-hydroxyisoflavones:

Result = (B + G)/(D + F)

B= percentage of biochanin A
G= percentage of genistein
D= percentage of daidzein
F= percentage of formononetin
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks for daidzein,

genistein, formononetin, and biochanin A at retention times that correspond to those in
the chromatogram of Standard solution A, and the ratio of 5,7-dihydroxyisoflavones to 7-
hydroxyisoflavones is between 0.1 and 10.

STRENGTH

Change to read:
•  Content of Isoflavones

Solution A:  Acetonitrile and water (1:3) containing 0.05% trifluoroacetic acid
Solution B:  Acetonitrile containing 0.05% trifluoroacetic acid
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
2 100 0

2.5 87 13
7.5 80 20
7.8 73 27
8.0 55 45
11.0 50 50
13.0 40 60
15.0 26 74
16.0 0 100

18.1 100 0
23.0 100 0

Solvent:  Alcohol and water (1:1)
Standard stock solution:  Transfer a quantity of USP Powdered Red Clover Extract RS,

equivalent to 30 mg of the labeled content of isoflavones, to a 250-mL volumetric flask.
Add 15 mL of dehydrated alcohol, sonicate until dissolved, and dilute with Solvent to
volume.

Standard solution A:  Evaporate 50 mL of the Standard stock solution to dryness under
vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid of 15 mL of alcohol, to a 50-mL
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volumetric flask, and dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-µm or finer pore size.

Standard solution B:  0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP Daidzein RS, and 0.1 mg/mL of USP
Biochanin A RS

in a mixture of n-propanol and water (1:1). Sonicate, and filter through a membrane of
0.45-µm or finer pore size.

Sample stock solution:  Weigh NLT 20 Tablets, and pulverize. Transfer the equivalent of
40 mg of the labeled amount of isoflavones to a 250-mL volumetric flask. Add 15 mL of
water, shake to disperse the powder, add 15 mL of dehydrated alcohol and 200 mL of
Solvent, and sonicate for 30 min. If dark particles are present in the bottom of the flask,
sonicate again for an additional 10 min or until they disappear. Cool to room temperature,
dilute with Solvent to volume, and filter.

Sample solution:  Transfer 50.0 mL of the resulting solution to a round-bottom flask, and
evaporate to dryness under vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a
water bath for 30 min. Quantitatively transfer this solution, with the aid of 15 mL of
alcohol, to a 50-mL volumetric flask, and dilute with Solvent to volume. Pass 5 mL of the
solution through a filter of 0.45-µm pore size, discarding the first 4 mL of the filtrate.
Collect the remaining 1 mL of filtrate for testing.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; end-capped 5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution A
and Standard solution B

Suitability requirements 
Chromatogram similarity:  The chromatogram from Standard solution A is similar to

the reference chromatogram provided with the lot of USP Powdered Red Clover Extract
RS being used.

Tailing factor:  NMT 2.0 for the formononetin peak,
Standard solution B

Relative standard deviation:  NMT 2.0%,
determined from the formononetin peak in repeated injections, Standard solution B

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Identify the peaks corresponding to daidzein, genistein, formononetin, and biochanin A in
the Sample solution chromatogram by comparison with the chromatogram obtained from
Standard solution A and the reference chromatogram. Measure the areas of the analyte
peaks. 
Calculate the content of each isoflavone, in mg, in the portion of Tablets taken:

Result = (rU/rS) × CS × V × 1/F × D
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Result = (rU/rS) × CS × V × D

rU= peak response for each relevant isoflavone from the Sample solution
rS= peak response for formononetin

peak response for daidzein, genistein, formononetin, or biochanin A
from Standard solution B

CS= concentration of USP Formononetin RS
daidzein, genistein, formononetin, or biochanin A

in Standard solution B (mg/mL)
V= volume of Sample stock solution (mL)
F= conversion factor for each analyte: daidzein, 0.97; genistein, 1.13; formononetin,

1.00; biochanin A, 1.05

D= dilution factor to prepare the Sample solution from the Sample stock solution, 1

Calculate the percentage of the labeled amount of Powdered Red Clover Extract taken:

Result = CI × (AWT/W) × (100/LE) × (100/L)

CI= sum of the content of isoflavones in the portion of Tablets taken (mg)
AWT= average weight of Tablets (mg)
W= weight of the powdered Tablets taken (mg)
LE= labeled percentage of isoflavones in the Powdered Extract used to prepare the Tablets
L = label claim of Powdered Extract (mg/Tablet)
Acceptance criteria:  90.0%–110.0% as isoflavones

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for disintegration in
Botanical Dosage Forms

•  Weight Variation 2091 : Meet the requirements

SPECIFIC TESTS

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
enterobacterial count is NLT 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.
•  Labeling: The label states the Latin binomial and, following the official name, the article from

which Tablets were prepared. The label also indicates the quantity, in mg, of Powdered
Extract per Tablet. Label Tablets to indicate the content, in mg, of isoflavones per 100 mg
of Powdered Extract.

Change to read:

•  USP Reference Standards 11
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USP Biochanin A RS
USP Daidzein RS 

USP Formononetin RS 
USP Genistein RS 

USP Powdered Red Clover Extract RS

BRIEFING

Powdered Red Clover, USP 35 page 1420—See the Briefing under Red Clover.

(DS: M. H. Sharaf.)
Correspondence Number—C120517

Comment deadline: March 31, 2013
Powdered Red Clover

DEFINITION

Powdered Red Clover is Red Clover reduced to a powder or very fine powder. It contains NLT
0.5% of isoflavones, calculated on the dried basis as the sum of daidzein, genistein,
formononetin, and biochanin A.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: Transfer 100 mg of USP Powdered Red Clover Extract RS to a screw-
capped centrifuge tube. Add 1 mL of a mixture of alcohol and water (7:3), and heat in a
steam bath for 10 min. Centrifuge, and use the clear supernatant.

Sample solution: Transfer 1 g of Powdered Red Clover to a screw-capped centrifuge tube.
Add 10 mL of a mixture of methanol and water (3:2), heat in a steam bath for 10–15 min,
cool, and filter.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20–30 µL, in bands 2 cm long
Developing solvent system: Ethyl acetate, formic acid, glacial acetic acid, and water

(100:11:11:27)
Spray reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis 

Samples: Standard solution and Sample solution

Develop the chromatograms to a length of NLT 18 cm, and dry the plate in a current of
air. Spray the plate with Spray reagent A followed by Spray reagent B, and examine the
plate under UV light at 365 nm.
Acceptance criteria: The Sample solution chromatogram exhibits a blue zone, a

yellowish-green zone, and a yellowish-orange zone at RF values of about 0.70, 0.55, and
0.50, respectively, corresponding in color and RF to zones in the chromatogram of the
Standard solution. Other colored zones of varying intensities may be observed in the
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chromatogram from the Sample solution.

Add the following:
•  A. Powdered Red Clover meets the requirements under Specific Tests, Botanic

Characteristics. 

Add the following:
•  B. Thin-Layer Chromatography

Presence of biochanin A and formononetin 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:  0.5 mg/mL of USP Biochanin A RS in methanol
Standard solution B:  0.5 mg/mL of USP Formononetin RS in methanol
Standard solution C:  10 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.

Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
the supernatant.

Sample solution:  Transfer 0.5 g of Powdered Red Clover to a centrifuge tube, and add 5

mL of Solvent B. Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool,
centrifuge, and use the supernatant.

[Note—Reserve a portion of the supernatant for Identification test C.]
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL each of Standard solution A, Standard solution B, and

Sample solution, and 3 µL of Standard solution C, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, toluene, and formic acid

(30:70:1)
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution 
Apply the samples as bands to a suitable HPTLC plate and dry in air. Develop the
chromatograms in a saturated chamber. Remove the plate from the chamber, heat at

100  for 5 min, derivatize the plate while still warm with Derivatization reagent, dry in
air, and examine under UV light at 365 nm.

System suitability:  Standard solution C exhibits, at about the middle of the
chromatogram, a greenish band corresponding to the band due to biochanin A in the
chromatogram of Standard solution A, and a bluish band, at about one third of the
chromatogram, corresponding to formononetin in the chromatogram of Standard
solution B. Below the band due to formononetin, the Standard solution C
chromatogram exhibits a red band in the lower third section of the chromatogram.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
main bands similar in positions and colors to the corresponding bands in the
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chromatogram of Standard solution C: two greenish bands at about the middle of the
chromatogram (distinction from white clover, soy, and alfalfa), one of these greenish
bands corresponds to the band due to biochanin A in the chromatogram of Standard
solution A; and a bluish band at about one third of the chromatogram, corresponding
to the band due to formononetin in the chromatogram of Standard solution B; below
the band due to formononetin, the Sample solution chromatogram exhibits a red band
in the lower third section of the chromatogram.

Add the following:
•  C. Thin-Layer Chromatography

Presence of flavone glycosides 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:  0.1 mg/mL of USP Hyperoside RS in methanol
Standard solution B:  25 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.

Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
the supernatant.

Sample solution:  Use the solution as prepared in Identification test B.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL of Standard solution A, 8 µL of Standard solution B, and 2 µL

of Sample solution, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, formic acid, glacial acetic

acid, and water (100:11:11:27)
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands to a suitable HPTLC plate and dry in air Develop the
chromatograms in a saturated chamber. Remove the plate from the chamber, heat at

100  for 5 min, derivatize the plate while still warm with Derivatization reagent, dry in
air, and examine under UV light at 365 nm.

System suitability:  Standard solution B exhibits, at about the middle of the
chromatogram, two yellow bands. The lower band corresponds in color and RF to the
band due to hyperoside in the chromatogram of Standard Solution A and the upper
yellow band is due to isoquercitrin. The solution also exhibits two green bands, or a
broad green band, above the yellow bands, and a blue band in the upper third section
of the chromatogram. The yellow bands due to hyperoside and isoquercitrin are clearly
separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands similar in positions and colors to the corresponding bands in the chromatogram
of Standard solution B: a yellow band at about the middle of the chromatogram
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corresponding to the band due to hyperoside in the chromatogram of Standard solution
A; another yellow band, at an RF slightly higher than that of hyperoside; two green
bands, or a broad green band, above the yellow bands; and a blue band in the upper
third section of the chromatogram.

Change to read:
•  B

D.
HPLC Identification Test

Analysis:  Proceed as directed for the Content of Isoflavones. 
Using the values obtained in the test for Content of Isoflavones, calculate the ratio of
5,7-dihydroxyisoflavones to 7-hydroxyisoflavones:

Result = (B + G)/(D + F)

B= percentage of biochanin A
G= percentage of genistein
D= percentage of daidzein
F= percentage of formononetin
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks for daidzein,

genistein, formononetin, and biochanin A at retention times that correspond to those in
the chromatogram of Standard solution A, and the ratio of 5,7-dihydroxyisoflavones to 7-
hydroxyisoflavones is between 0.1 and 10.

COMPOSITION

Change to read:
•  Content of Isoflavones

Solution A:  Acetonitrile and water (1:3) containing 0.05% trifluoroacetic acid
Solution B:  Acetonitrile containing 0.05% trifluoroacetic acid
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
2 100 0

2.5 87 13
7.5 80 20
7.8 73 27
8.0 55 45
11.0 50 50
13.0 40 60
15.0 26 74
16.0 0 100
18.1 100 0
23.0 100 0

Solvent:  Alcohol and water (1:1)
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Standard stock solution A:  Transfer a quantity of USP Powdered Red Clover Extract RS,
equivalent to 30 mg of the labeled content of isoflavones, to a 250-mL volumetric flask.
Add 15 mL of dehydrated alcohol, sonicate until dissolved, and dilute with Solvent to
volume.

Standard solution A:  Evaporate 50 mL of Standard stock solution A to dryness under
vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid of 15 mL of alcohol, to a 50-mL
volumetric flask, and dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-µm or finer pore size.

Standard solution B:  0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP Daidzein RS, and 0.1 mg/mL of USP
Biochanin A RS

in a mixture of n-propanol and water (1:1). Sonicate, and filter through a membrane of
0.45-µm or finer pore size.

Sample stock solution:  Transfer about 2.5 g of Powdered Red Clover, accurately weighed,
into a 120-mL flask with a stopper. Add exactly 100 mL of Solvent, close the flask, and
shake on an orbital or wrist-action shaker for NLT 12 h.

Sample solution:  Evaporate 50 mL of the Sample stock solution to dryness under vacuum

at 40 . Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer this solution, with the aid of 15 mL of alcohol, to a 50-mL
volumetric flask, and dilute with Solvent to volume. Filter through a membrane of 0.45-µm
or finer pore size, discarding the first 4 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; end-capped 5-µm packing L1

Column temperature:  45
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution A
and Standard solution B

Suitability requirements 
Chromatogram similarity:  The chromatogram from Standard solution A is similar to

the reference chromatogram provided with the lot of USP Powdered Red Clover Extract
RS being used.

Tailing factor:  NMT 2.0 for the formononetin peak,
Standard solution B

Relative standard deviation:  NMT 2.0%,
determined from the formononetin peak in repeated injections, Standard solution B

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the peaks corresponding to daidzein, genistein, formononetin, and biochanin A in
the Sample solution chromatogram by comparison with the chromatogram from Standard
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solution A and the reference chromatogram. Measure the areas of the analyte peaks. 
Separately calculate the percentages of daidzein, genistein, formononetin, and biochanin
A in the portion of Powdered Red Clover taken:

Result = (rU/rS) × CS × (V/W) × 1/F × D × 100

Result = (rU/rS) × CS × (V/W) × D × 100

rU= peak response for each relevant isoflavone from the Sample solution
rS= formononetin peak response

peak response for daidzein, genistein, formononetin, or biochanin A
from Standard solution B

CS= concentration of USP Formononetin RS
daidzein, genistein, formononetin, or biochanin A

in Standard solution B (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Powdered Red Clover used to prepare the Sample solution (mg)
F= conversion factor for each analyte: daidzein, 0.97; genistein, 1.13; formononetin, 1.00;

biochanin A, 1.05

D= dilution factor to prepare the Sample solution from the Sample stock solution, 1
Acceptance criteria:  Add the percentages of daidzein, genistein, formononetin, and

biochanin A. NLT 0.5% of isoflavones on the dried basis.

CONTAMINANTS

Delete the following:

•  Heavy Metals 231 : NMT 10 µg/g 

Add the following:

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 1.0 µg/g
Cadmium:  NMT 0.5 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
106 cfu/g, the total combined molds and yeast count does not exceed 104 cfu/g, and the
enterobacterial count is NMT 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

SPECIFIC TESTS

Change to read:
•  Botanic Characteristics: Brownish-red to greenish-red; numerous long, sharp-pointed,

USP37

USP37

USP37

USP37

USP37

USP37

PF 39(1): Jan.-Feb. 2013 221



unicellular, nonglandular hairs with thick, nonlignified walls, the latter somewhat roughened
by slight centrifugal projections; smooth, nearly spheroidal pollen grains from 20–48 µm in
diameter; fragments of epidermis with stomata, the latter from 13–23 µm in length;
fragments containing sclerenchyma fibers with adherent crystal fibers containing monoclinic
prisms of calcium oxalate that are up to 21 µm in length

Fragments of epidermis of calyx composed of polygonal cells with faintly striated cuticle and
occasional anomocytic stomata; epidermal cells of the corolla, papillose at the tip,
elongated with slightly wavy walls and a strongly striated cuticle; upper epidermal cells of
leaflets with sinuous and slightly beaded anticlinal walls; lower epidermal cells of leaflets
with sinuous to wavy walls; both epidermal cells show anomocytic stomata, covering
trichomes, and glandular trichomes; covering trichomes, uniseriate, with two small thin-
walled basal cells, and a thick-walled tapering end cell, up to 1 mm in length with a warty
cuticle; glandular trichomes, each with a one- or two-celled stalk and a head composed of
several cells arranged in two rows; pollen grains, smooth, nearly spheroidal, from 20 to 48
µm in diameter; sclerenchyma fibers with adherent crystal sheath containing prisms of
calcium oxalate.

•  Articles of Botanical Origin, Water-Soluble Extractives, Method 2 561 : NLT 15.0%

•  Loss on Drying 731
Sample:  1 g

Analysis:  Dry the Sample at 105  for 2 h.
Acceptance criteria:  NMT 12.0%

•  Articles of Botanical Origin, Total Ash 561 : NMT 10.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers, protected from

moisture.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was derived.

Change to read:

•  USP Reference Standards 11
USP Biochanin A RS

USP Daidzein RS 
USP Formononetin RS 
USP Genistein RS

USP Hyperoside RS 
USP Powdered Red Clover Extract RS

BRIEFING

Powdered Red Clover Extract, USP 35 page 1421—See the Briefing under Red Clover.

(DS: M. H. Sharaf.)
Correspondence Number—C120518

Comment deadline: March 31, 2013
Powdered Red Clover Extract
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DEFINITION

Change to read:

Powdered Red Clover Extract is prepared from Red Clover by extraction with hydroalcoholic
mixtures or other suitable solvents. The ratio of plant material to extract is 3:1–25:1.

It contains NLT 90.0% and NMT 110.0% of the labeled amount of isoflavones, calculated on the
dried basis as the sum of daidzein, genistein, formononetin, and biochanin A. It may contain
suitable added substances.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: Transfer 100 mg of USP Powdered Red Clover Extract RS to a screw-
capped centrifuge tube. Add 1 mL of a mixture of alcohol and water (7:3), and heat in a
steam bath for 10 min. Centrifuge, and use the clear supernatant.

Sample solution: Shake a quantity of Powdered Extract, equivalent to 25 mg of the labeled
amount of isoflavones, in 20 mL of methanol. Allow to stand for 15 min before use.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture.
Application volume: 20–30 µL, in bands 2 cm long
Developing solvent system: Ethyl acetate, formic acid, glacial acetic acid, and water

(100:11:11:27)
Spray reagent A: 10 mg/mL of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatograms to a length of NLT 18 cm, and dry the plate in a current of
air. Spray the plate with Spray reagent A followed by Spray reagent B, and examine the
plate under UV light at 365 nm.

Acceptance criteria: The Sample solution chromatogram exhibits a blue zone, a yellowish-
green zone, and a yellowish-orange zone at RF values of about 0.70, 0.55, and 0.50,
respectively, corresponding in color and RF to zones in the chromatogram of the Standard
solution. Other colored zones of varying intensities may be observed in the chromatogram
from the Sample solution.

Add the following:
•  A. Thin-Layer Chromatography

Presence of biochanin A and formononetin 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:   0.5 mg/mL of USP Biochanin A RS in methanol
Standard solution B:  0.5 mg/mL of USP Formononetin RS in methanol
Standard solution C:  10 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.

Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
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the supernatant.
Sample solution:  10 mg/mL of Powdered Extract in Solvent A. Shake to disperse, heat in

a water bath at 60 –80  for 10 min, cool, centrifuge, and use the supernatant. [Note
—Reserve a portion of the supernatant for Identification test B.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL of Standard solution A, Standard solution B, and Sample

solution, and 3 µL of Standard solution C, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, toluene, and formic acid

(30:70:1).
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution 
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber. Remove the

plate from the chamber, heat at 100  for 5 min, derivatize the plate while still warm
with Derivatization reagent, dry in air, and examine under UV light at 365 nm.

System suitability:  Standard solution C exhibits, at about the middle of the
chromatogram, a greenish band corresponding to the band due to biochanin A in the
chromatogram of Standard solution A, and a bluish band, at about one third of the
chromatogram, corresponding to formononetin in the chromatogram of Standard
solution B. Below the band due to formononetin, the Standard solution C
chromatogram exhibits a red band in the lower third section of the chromatogram.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
main bands similar in positions and colors to the corresponding bands in the
chromatogram of Standard solution C: two greenish bands at about the middle of the
chromatogram (distinction from white clover, soy, and alfalfa), one of these greenish
bands corresponds to the band due to biochanin A in the chromatogram of Standard
solution A; and a bluish band at about one third of the chromatogram, corresponding
to the band due to formononetin in the chromatogram of Standard solution B; below
the band due to formononetin, the Sample solution chromatogram exhibits a red band
in the lower third section of the chromatogram.

Add the following:
•  B. Thin-Layer Chromatography

Presence of flavone glycosides 
Solvent A:  Methanol and water (7:3)
Solvent B:  Methanol and water (6:4)
Standard solution A:  0.1 mg/mL of USP Hyperoside RS in methanol
Standard solution B:  25 mg/mL of USP Powdered Red Clover Extract RS in Solvent A.
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Shake to disperse, heat in a water bath at 60 –80  for 10 min, cool, centrifuge, and use
the supernatant.

Sample solution:  Use the solution prepared in Identification test A.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  4 µL of Standard solution A, 8 of µL Standard solution B, and 2 µL

of Sample solution, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, formic acid, glacial acetic

acid, and water (100:11:11:27)
Developing distance:  6 cm
Derivatization reagent:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber. Remove the

plate from the chamber, heat at 100  for 5 min, derivatize the plate while still warm
with Derivatization reagent, dry in air, and examine under UV light at 365 nm.

System suitability:  Standard solution B exhibits, at about the middle of the
chromatogram, two yellow bands, the lower band corresponds in color and RF to the
band due to hyperoside in the chromatogram of Standard solution A, the upper yellow
band is due to isoquercitrin; two green bands, or a broad green band, above the
yellow bands; and a blue band in the upper third section of the chromatogram. The
yellow bands due to hyperoside and isoquercitrin are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands similar in positions and colors to the corresponding bands in the chromatogram
of the Standard solution B: a yellow band at about the middle of the chromatogram
corresponding to the band due to hyperoside in the chromatogram of Standard solution
A; another yellow band; at an RF slightly higher than that of hyperoside; two green
bands, or a broad green band, above the yellow bands; and a blue band in the upper
third section of the chromatogram.

Change to read:
•  B

C.
HPLC Identification Test

Analysis:  Proceed as directed in the test for Content of Isoflavones. 
Using the values obtained in the test for Content of Isoflavones, calculate the ratio of
5,7-dihydroxyisoflavones to 7-hydroxyisoflavones:

Result = (B + G)/(D + F)

B= percentage of biochanin A
G= percentage of genistein
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D= percentage of daidzein
F= percentage of formononetin
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks for daidzein,

genistein, formononetin, and biochanin A at retention times that correspond to those in
the chromatogram of Standard solution A. The ratio of 5,7-dihydroxyisoflavones to 7-
hydroxyisoflavones is between 0.1 and 10.0.

COMPOSITION

Change to read:
•  Content of Isoflavones

Solution A:  Acetonitrile and water (1:3) containing 0.05% trifluoroacetic acid
Solution B:  Acetonitrile containing 0.05% trifluoroacetic acid
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
2 100 0

2.5 87 13
7.5 80 20
7.8 73 27
8.0 55 45
11.0 50 50
13.0 40 60
15.0 26 74
16.0 0 100
18.1 100 0
23.0 100 0

Solvent:  Alcohol and water (1:1)
Standard stock solution A:  Transfer a quantity of USP Powdered Red Clover Extract RS,

equivalent to 30 mg of the labeled content of isoflavones, to a 250-mL volumetric flask.
Add 15 mL of dehydrated alcohol, sonicate until dissolved, and dilute with Solvent to
volume.

Standard solution A:  Evaporate 50 mL of Standard stock solution A to dryness under
vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution, with the aid of 15 mL of alcohol, to a 50-mL
volumetric flask, and dilute with Solvent to volume. Centrifuge, or filter through a
membrane of 0.45-µm or finer pore size.

Standard solution B:  0.1 mg/mL of USP Formononetin RS,
0.02 mg/mL of USP Genistein RS, 0.02 mg/mL of USP Daidzein RS, and 0.1 mg/mL of USP
Biochanin A RS

in a mixture of n-propanol and water (1:1). Sonicate, and filter through a membrane of
0.45-µm or finer pore size.

Sample stock solution:  Transfer a quantity of Powdered Extract, equivalent to 30 mg of
the labeled content of isoflavones, to a 250-mL volumetric flask. Add 15 mL of dehydrated
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alcohol, sonicate until dissolved, and dilute with Solvent to volume.
Sample solution:  Evaporate 50.0 mL of the Sample stock solution to dryness under

vacuum. Add 15 mL of 2 N hydrochloric acid, and heat in a water bath for 30 min.
Quantitatively transfer the resulting solution with the aid of 15 mL of alcohol to a 50-mL
volumetric flask, and dilute with Solvent to volume. Centrifuge, or pass through a filter of
0.45-µm or finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; end-capped 5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution A
and Standard solution B

Suitability requirements 
Chromatogram similarity:  The chromatogram obtained from Standard solution A is

similar to the reference chromatogram provided with the lot of USP Powdered Red
Clover Extract RS being used.

Tailing factor:  NMT 2.0 for the formononetin peak,
Standard solution B

Relative standard deviation:  NMT 2.0%,
determined from the formononetin peak in repeated injections, Standard solution B

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the peaks corresponding to daidzein, genistein, formononetin, and biochanin A in
the Sample solution chromatogram by comparison with the chromatogram obtained from
Standard solution A and the reference chromatogram. Measure the areas of the analyte
peaks. 
Separately calculate the percentage of each isoflavone in the portion of Powdered Extract
taken:

Result = (rU/rS) × CS × 1/F × 100

Result = (rU/rS) × CS × 100

rU= peak response for each relevant isoflavone from the Sample solution
rS= peak response for formononetin

peak response for daidzein, genistein, formononetin, or biochanin A
from Standard solution B

CS= concentration of USP Formononetin RS
daidzein, genistein, formononetin, or biochanin A

in Standard solution B (mg/mL)
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F= conversion factor for each analyte: daidzein, 0.97; genistein, 1.13; formononetin, 1.00;
biochanin A, 1.05

Acceptance criteria:  90.0%–110.0% of the labeled amount of isoflavones as the sum of
daidzein, genistein, formononetin, and biochanin A, calculated on the dried basis

CONTAMINANTS

Delete the following:

•  Heavy Metals, Method II 231 : NMT 10 µg/g 

Add the following:

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 1.0 µg/g
Cadmium:  NMT 0.5 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
enterobacterial count is NMT 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry 1 g at 105  for 2 h.
Acceptance criteria:  NMT 5.0%

•  Other Requirements: It meets the requirements for Packaging and Storage, Residual

Solvents, and Pesticide Residues in Botanical Extracts 565 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, in a cool place.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was prepared. The label also indicates the content of
isoflavones, the extracting solvent or solvent mixture used for preparation, and the ratio of
the starting crude plant material to Powdered Extract. It meets the requirements for

labeling in Botanical Extracts 565 .

Change to read:

•  USP Reference Standards 11
USP Biochanin A RS

USP Daidzein RS 
USP Formononetin RS 
USP Genistein RS

USP37

USP37

USP37

USP37

PF 39(1): Jan.-Feb. 2013 228



USP Hyperoside RS 
USP Powdered Red Clover Extract RS

BRIEFING

Rosemary; and Powdered Rosemary. New dietary supplement monographs are being
proposed. The liquid chromatographic procedure in the test for Content of Phenolic
Diterpenes is based on analyses performed with the Zorbax SB-C18 brand of L1 column with
5-µm packing. The typical retention times for carnosol and carnosic acid are about 4.7 and
7.5 min, respectively.

(DS: M. Sharaf.)
Correspondence Number—C111154

Comment deadline: March 31, 2013

Add the following:
Rosemary

DEFINITION

Rosemary consists of the dried leaf of Rosmarinus officinalis L. (Fam. Lamiaceae). It contains
NLT 2.0% of phenolic diterpenes, calculated as the sum of carnosic acid and carnosol, and NLT
1.2% (v/w) of volatile oil, both calculated on the dried basis.

IDENTIFICATION
•  A. Rosemary meets the requirements for Specific Tests, Botanic Characteristics.
•  B. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rosmarinic Acid RS in methanol
Standard solution B:  100 mg/mL of USP Powdered Rosemary Hydrophilic Extract RS in

methanol
Sample solution:  Sonicate for 10 min about 1 g of Rosemary, finely powdered, in 10 mL of

methanol. Centrifuge, and use the supernatant.
Chromatographic system  

(See Chromatography 621 Thin–Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  2 µL of Standard solution A, 4 µL of Standard solution B, and 8 µL

of the Sample solution as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, formic acid, and water

(15:1:1)
Developing distance:  6 cm
Derivatization reagent A:  5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl

acetate
Derivatization reagent B:  50-mg/mL solution of polyethylene glycol 400 in

dichloromethane
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution. Apply the
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samples as bands to a suitable high performance thin-layer chromatographic plate.
Develop the chromatograms in a saturated chamber, remove the plate from the

chamber, heat for 3 min at 100 , derivatize the plate while still warm with Derivatization
reagent A, dry in air, then derivatize with Derivatization reagent B, dry in air, and
examine under UV light at 366 nm.

System suitability:  The chromatogram of Standard solution B exhibits, in the upper-third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band, right
above the band due to rosmarinic acid, corresponding to caffeic acid. The bands due to
rosmarinic acid and caffeic acid are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following main
bands similar in positions and colors to the corresponding bands in the chromatogram of
Standard solution B: a blue fluorescent band at an RF corresponding to the rosmarinic acid
band in Standard solution A; a blue fluorescent band at an RF corresponding to the caffeic
acid; a green band at about the middle of the chromatogram and an intense orange band
in the lower third section of the chromatogram; below the green band, the Sample
solution chromatogram exhibits a pattern of characteristically colored bands of low
intensity (distinction from sage leaf, thyme leaf, holy basil leaf, basil leaf, and oregano
leaf). 
The Sample solution chromatogram does not show a pair of major orange bands in the
lower-third section of the chromatogram (distinction from sage leaf and thyme leaf), a
light blue band at an RF of about one-third of the chromatogram (distinction from holy
basil leaf), an orange band in the lower-third section of the chromatogram and a light blue
band at about two-thirds of the chromatogram (distinction from basil leaf), or a red band
right above the band due to caffeic acid in the upper-third section of the chromatogram
(distinction from thyme leaf and oregano leaf). [Note—This red band is different from the
red band, at the solvent front, present in Rosemary and other leaves due to chlorophyll.]

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Phenolic Diterpenes.
Acceptance criteria:  The chromatogram of the Sample solution exhibits the major peak at

the retention time corresponding to the carnosic acid peak in the chromatogram of
Standard solution A and an additional peak corresponding to carnosol at a relative
retention time of about 0.64 compared to that of the carnosic acid peak.

COMPOSITION
•  Content of Phenolic Diterpenes

Mobile phase:  A mixture of acetonitrile and a solution of 0.5% phosphoric acid in water
(65:35)

[Note—Proceed under subdued light.]
Solvent:  0.5% phosphoric acid in methanol
Standard solution A:  [Note—Use clear glassware.] 0.2 mg/mL of USP Carnosic Acid RS in

Solvent. Sonicate to dissolve if necessary.
Sample solution:  1.0 g of Rosemary, finely powdered, in 50 mL of methanol. Sonicate for 3

h at 35 . Before injection, pass through a membrane filter of 0.45-µL or finer pore size,
discarding the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV, 230 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  25  ± 1
Flow rate:  1.5 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution A
Suitability requirements 

Tailing factor:  Between 0.90 and 1.30 for the carnosic acid peak, Standard solution A
Relative standard deviation:  NMT 2% determined from the carnosic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A and Sample solution
[Note—Standard solution A and the Sample solution are stable for 12 h at room

temperature.]

Using the chromatograms of Standard solution A, identify the retention times of the peaks
corresponding to carnosic acid and carnosol in the Sample solution chromatogram. [Note
—The approximate relative retention times for the carnosol and carnosic acid peaks are
0.64 and 1.00, respectively.] 
Calculate the percentages of carnosic acid and carnosol in the portion of Rosemary taken:

Result = (rU/rS) × CS × (V/W) × F × 100

rU= peak area of the relevant analyte in the Sample solution chromatogram
rS= peak area for carnosic acid in the Standard solution A chromatogram
CS= concentration of USP Carnosic Acid RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Rosemary taken to prepare the Sample solution (mg)
F= conversion factor for each analyte (1.00 for carnosic acid and 0.92 for carnosol)

Add the percentages of carnosic acid and carnosol.
Acceptance criteria:  NLT 2.0% on the dried basis

•  Volatile Oil Content 561 : Use 25.0 g of coarsely powdered Rosemary. Distill for 3 h at a
rate of 2–3 mL/min.

Acceptance criteria:  NLT 1.2% v/w of volatile oil on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 0.5 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 0.1 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements
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•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  The leaves are sessile, linear to linear lanceolate, needle-like, 1–4 cm long
and 2–4 mm wide, with strongly revolute margins; apex obtuse, base tapering. The upper
surface is dark green, somewhat pubescent when young, glabrous in older leaves, the
lower surface is grayish-green and densely tomentose with a prominent midrib;
characteristic strongly aromatic odor; spicy, harsh and bitter, somewhat pungent taste.
Pharmacopeial article consists of dry, grayish-green to yellowish-green, brittle, leaves.

Microscopic 
Transverse section:  Upper epidermis, cells are tabular with slightly thickened walls and

occasional pits, rare conical covering trichomes, stomata are absent; an underlying
hypodermis composed of large, irregularly rounded to ovoid cells with thickened anticlinal
walls, one to several layers of cell extending across the lamina at intervals, separating
the one or two-layered palisade into large, crescent-shaped areas, each with a group of
spongy mesophyll; lower epidermis, numerous stomata, masses of multicellular and
characteristic, thin-walled, uniseriate, extensively branched covering trichomes, up to
300 µm in length, forming dense felted masses, with each branch arising from a slightly
swollen joint and terminating in a single tapering cell; glandular trichomes of two types
are present on both epidermis, more on the lower epidermis, the majority with a short,
unicellular stalk and a radiate head composed of eight cells, less abundant with a
unicellular stalk and a spherical, unicellular or bicellular head.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 5% of stems; NMT 2.0%
of other foreign matter

•  Loss on Drying 731
Sample:  1.0 g of powdered Rosemary

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561
Sample:  2–4 g of finely powdered Rosemary
Acceptance criteria:  NMT 9.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample:  2–4 g of finely powdered Rosemary
Acceptance criteria:  NMT 1.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binominal and, following the official name, the part of

the plant contained in the article.
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•  USP Reference Standards 11
USP Carnosic Acid RS
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS

BRIEFING

Powdered Rosemary. See the Briefing under Rosemary.

(DS: M. Sharaf.)
Correspondence Number—C111155

Comment deadline: March 31, 2013

Add the following:
Powdered Rosemary

DEFINITION

Powdered Rosemary is Rosemary reduced to powder or very fine powder. It contains NLT 2.0%
of phenolic diterpenes, calculated as the sum of carnosic acid and carnosol, on the dried basis.

IDENTIFICATION
•  A. Powdered Rosemary meets the requirements for Specific Tests, Botanic Characteristics.
•  B. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rosmarinic Acid RS in methanol
Standard solution B:  100 mg/mL of USP Powdered Rosemary Hydrophilic Extract RS in

methanol
Sample solution:  Sonicate for 10 min about 1 g of Powdered Rosemary in 10 mL of

methanol. Centrifuge, and use supernatant.
Chromatographic system 

Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)

Application volume:  2 µL of Standard solution A, 4 µL of Standard solution B, and 8 µL
of the Sample solution as 8-mm bands

Relative humidity:  Condition the plate to a relative humidity of about 33% using a
suitable device.

Developing solvent system:  A mixture of ethyl acetate, formic acid, and water
(15:1:1)

Developing distance:  6 cm
Derivatization reagent A:  5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl

acetate
Derivatization reagent B:  50-mg/mL solution of polyethylene glycol 400 in

dichloromethane
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution. Apply the
samples as bands to a suitable high performance thin-layer chromatographic plate (see

Chromatography 621 ), and dry in air. Develop the chromatograms in a saturated

USP37
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chamber, remove the plate from the chamber, heat at 100  for 3 min, derivatize the
plate while still warm with Derivatization reagent A, dry in air, then derivatize with
Derivatization reagent B, dry in air, and examine under UV light at 366 nm.

System suitability:  The chromatogram of Standard solution B exhibits, in the upper-third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band, right
above the band due to rosmarinic acid, corresponding to caffeic acid. The bands due to
rosmarinic acid and caffeic acid are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following main
bands similar in positions and colors to the corresponding bands in the chromatogram of
Standard solution B. A blue fluorescent band at an RF corresponding to the rosmarinic acid
band in Standard solution A; a blue fluorescent band at an RF corresponding to the caffeic
acid; a green band at about the middle of the chromatogram and an intense orange band
in the lower third section of the chromatogram; below the green band, the Sample
solution chromatogram exhibits a pattern of characteristically colored bands of low
intensity (distinction from sage leaf, thyme leaf, holy basil leaf, basil leaf, and oregano
leaf). 
The Sample solution chromatogram does not show a pair of major orange bands in the
lower-third section of the chromatogram (distinction from sage leaf and thyme leaf), a
light blue band at an RF of about one-third of the chromatogram (distinction from holy
basil leaf), an orange band in the lower-third section of the chromatogram and a light blue
band at about two-thirds of the chromatogram (distinction from basil leaf), or a red band
right above the band due to caffeic acid in the upper-third section of the chromatogram
(distinction from thyme leaf and oregano leaf.) [Note—This red band is different from the
red band, at the solvent front, present in Rosemary and other leaves due to chlorophyll.]

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Phenolic Diterpenes.
Acceptance criteria:  The chromatogram of the Sample solution exhibits the major peak at

the retention time corresponding to carnosic acid in the chromatogram of Standard
solution A and an additional peak corresponding to carnosol at a relative retention time of
about 0.64 compared to that of the carnosic acid peak.

COMPOSITION
•  Content of Phenolic Diterpenes

Mobile phase:  A mixture of acetonitrile and a solution of 0.5% phosphoric acid in water
(65:35)

[Note—Proceed under subdued light.]
Solvent:  0.5% phosphoric acid in methanol
Standard solution A:  [Note—Use clear glassware.] 0.2 mg/mL of USP Carnosic Acid RS in

Solvent. Sonicate to dissolve if necessary.
Sample solution:  1.0 g of Powdered Rosemary in 50 mL of methanol. Sonicate for 3 h at

35 . Before injection, pass through a membrane filter of 0.45-µL or finer pore size,
discarding the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV, 230 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  25 ± 1
Flow rate:  1.5 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution A
Suitability requirements 

Tailing factor:  Between 0.90 and 1.30 for the carnosic acid peak, Standard solution A
Relative standard deviation:  NMT 2% determined from the carnosic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A and Sample solution
[Note—Standard solution A and Sample solution are stable for 12 h at room temperature.]

Using the chromatograms of Standard solution A, identify the retention time of the peaks
corresponding to carnosic acid and carnosol in the Sample solution chromatogram. [Note
—The approximate relative retention times for the carnosol and carnosic acid peaks are
0.64 and 1.00, respectively.] 
Calculate the percentages of carnosic acid and carnosol in the portion of Powdered
Rosemary taken:

Result = (rU/rS) × CS × (V/W) × F × 100

rU= peak area of the relevant analyte in the Sample solution chromatogram
rS= peak area for carnosic acid in the Standard solution A chromatogram
CS= concentration of carnosic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Rosemary taken to prepare the Sample solution (mg)
F= conversion factor for each analyte (1:00 for carnosic acid and 0.92 for carnosol)

Add the percentages of carnosic acid and carnosol.
Acceptance criteria:  NLT 2.0% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 1.0 µg/g
Cadmium:  NMT 0.5 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
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•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  Grayish-green to yellowish-green powder; characteristic aromatic odor
Microscopic:  It shows fragments of upper epidermal cell, polygonal to irregular, with

slightly thickened walls and occasional pits, stomata absent; lower epidermal cells, with
straight or slightly sinuous walls, numerous diacytic stomata, masses of multicellular and
characteristic, thin-walled, uniseriate, extensively branched covering trichomes, up to 300
µm in length, with each branch arising from a slightly swollen joint and terminating in a
single tapering cell; glandular trichomes of two types, the majority with a short, unicellular
stalk and a radiate head composed of eight cells, less abundant with a unicellular stalk
and a spherical, unicellular or bicellular head; glandular trichomes in surface view appear
as a disk with eight cells; hypodermis cells with distinctly beaded walls; fibres; vascular
tissue.

•  Loss on Drying 731
Sample:  1.0 g of Powdered Rosemary

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561
Sample:  2–4 g of Powdered Rosemary
Acceptance criteria:  NMT 9.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample:  2–4 g of Powdered Rosemary
Acceptance criteria:  NMT 1.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binominal and, following the official name, the part of

the plant from which the article was obtained.

•  USP Reference Standards 11
USP Carnosic Acid RS
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS

BRIEFING

Powdered Rosemary Hydrophilic Extract. A new USP dietary supplement monograph is being
proposed. The liquid chromatographic procedure in the test for Content of Rosmarinic Acid is
based on analyses performed with the Zorbax SB-C18 brand of L1 column with 5-µm
packing. The typical retention times for luteolin-3-O-glucuronide and rosmarinic acid are
about 4.3 and 5.4 min, respectively.

(DS: M. Sharaf.)
Correspondence Number—C118716

USP37
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Comment deadline: March 31, 2013

Add the following:
Powdered Rosemary Hydrophilic Extract

DEFINITION

Powdered Rosemary Hydrophilic Extract is prepared from Rosemary by extraction with water. It
contains NLT 90% and NMT 110% of the labeled amount of rosmarinic acid, on the dried basis.
It may contain suitable added substances as carriers.

IDENTIFICATION
•  A. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rosmarinic Acid RS in methanol
Standard solution B:  100 mg/mL of USP Powdered Rosemary Hydrophilic Extract RS in

methanol
Sample solution:  100 mg/mL of Powdered Rosemary Hydrophilic Extract in methanol
Chromatographic system 

Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)

Application volume:  2 µL of the Standard solution A, and 4 µL of the Standard solution
B and Sample solution as 8-mm bands

Relative humidity:   Condition the plate to a relative humidity of about 33% using a
suitable device.

Developing solvent system:  A mixture of ethyl acetate, formic acid, and water
(15:1:1)

Developing distance:  6 cm
Derivatization reagent A:  5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl

acetate
Derivatization reagent B:  50-mg/mL solution of polyethylene glycol 400 in

dichloromethane
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution. Apply the
samples as bands to a suitable high performance thin-layer chromatographic plate, and

dry in air (see Chromatography 621 ). Develop the chromatograms in a saturated

chamber, remove the plate from the chamber, heat at 100  for 3 min, derivatize the
plate while still warm with Derivatization reagent A, dry in air, then derivatize with
Derivatization reagent B, dry in air, and examine under UV light at 366 nm.

System suitability:  The chromatogram of Standard solution B shows, in the upper-third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band, right
above the band due to rosmarinic acid, corresponding to caffeic acid. The bands due to
rosmarinic acid and caffeic acid are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following main
bands similar in positions and colors to the corresponding bands in the chromatogram of
Standard solution B. A blue fluorescent band at an RF corresponding to the rosmarinic acid
band in Standard solution A; a blue fluorescent band at an RF corresponding to the caffeic
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acid; a green band at about the middle of the chromatogram and an intense orange band
in the lower third section of the chromatogram; below the green band, the Sample
solution chromatogram exhibits a pattern of characteristically colored bands of low
intensity (distinction from sage leaf, thyme leaf, holy basil leaf, basil leaf, and oregano
leaf). 
The Sample solution chromatogram does not show a pair of major orange bands in the
lower-third section of the chromatogram (distinction from sage leaf and thyme leaf), a
light blue band at an RF of about one-third of the chromatogram (distinction from holy
basil leaf), an orange band in the lower-third section of the chromatogram and a light blue
band at about two-thirds of the chromatogram (distinction from basil leaf), or a red band
right above the band due to caffeic acid in the upper-third section of the chromatogram
(distinction from thyme leaf and oregano leaf). [Note—This red band is different from the
red band, at the solvent front, present in Rosemary and other leaves due to chlorophyll.]

•  B. HPLC
Analysis:  Proceed as directed in the test for Content of Rosmarinic Acid.
Acceptance criteria:  The chromatogram of the Sample solution exhibits the major peak at

the retention time corresponding to the rosmarinic acid peak in the chromatogram of
Standard solution A. It also shows a less intense peak corresponding to the luteolin-3-O-
glucuronide peak in the chromatogram of Standard solution B and at a relative retention
time of about 0.8 compared to the rosmarinic acid peak.

COMPOSITION
•  Content of Rosmarinic Acid

Mobile phase:  A mixture of acetonitrile and a solution of 0.1% trifluoroacetic acid in water
(32:68)

Solvent:  Methanol and water (1:1)
Standard solution A:  0.3 mg/mL of USP Rosmarinic Acid RS in Solvent. Sonicate to dissolve

if necessary.
Standard solution B:  10 mg/mL of USP Powdered Rosemary Hydrophilic Extract RS in

Solvent. Sonicate to dissolve if necessary. Before injection, pass through a membrane
filter of 0.45-µL or finer pore size, discarding the first few mL of the filtrate.

Sample solution:  Sonicate for 5 min an amount of Powdered Rosemary Hydrophilic Extract
equivalent to 15 mg of rosmarinic acid in 50 mL of Solvent. Before injection, pass through
a membrane filter of 0.45-µL or finer pore size, discarding the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV, 328 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Column temperature:  20 ± 1 degree
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatogram similarity:  The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Rosemary
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Hydrophilic Extract RS being used.
Tailing factor:  Between 0.90 and 1.30 for the rosmarinic acid peak, Standard solution A
Relative standard deviation:  NMT 2% determined from the rosmarinic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Rosemary Hydrophilic Extract RS
being used, identify the retention time of the peak corresponding to rosmarinic acid in the
Sample solution chromatogram. 
Calculate the percentage of rosmarinic acid in the portion of Powdered Hydrophilic Extract
taken:

P = (rU/rS) × (CS/CU) × 100

rU= peak area for rosmarinic acid in the Sample solution chromatogram
rS= peak area for rosmarinic acid in Standard solution A chromatogram
CS= concentration of rosmarinic acid in Standard solution A (mg/mL)
CU= concentration of Powdered Extract in the Sample solution (mg/mL)

Calculate the percentage of the labeled amount of rosmarinic acid in the portion of
powdered Extract taken:

Result = (P/L) × 100

P= percentage of rosmarinic acid as determined above (%)
L= labeled amount of rosmarinic acid (%)
Acceptance criteria:  90%–110% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 1.0 µg/g
Cadmium:  NMT 0.5 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS

•  Loss on Drying 731
Sample:  1.0 g of Powdered Rosemary Hydrophilic Extract
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Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 8%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers; protected from light, moisture,

and oxygen; and store at controlled room temperature.
•  Labeling: The label states the Latin binominal and, following the official name, the part of

the plant from which the article was derived. It meets other labeling requirements in

Botanical Extracts 565 .

•  USP Reference Standards 11
USP Powdered Rosemary Hydrophilic Extract RS
USP Rosmarinic Acid RS

BRIEFING

Tribasic Calcium Phosphate, USP 35 page 1719. On the basis of comments received, it is
proposed to revise Identification test A.

(DS: H. Dinh.)
Correspondence Number—C124407

Comment deadline: March 31, 2013
Tribasic Calcium Phosphate
Ca5(OH)(PO4)3       502.31 

Calcium hydroxide phosphate     [12167-74-7].

DEFINITION

Tribasic Calcium Phosphate consists of a variable mixture of calcium phosphates having the
approximate composition (10CaO·3P2O5·H2O). It contains NLT 34.0% and NMT 40.0% of
calcium (Ca).

IDENTIFICATION

Change to read:
•  A.

Sample solution:  A solution in a slight excess of nitric acid
Dissolve 100 mg in 5 mL of diluted nitric acid.

Analysis:  Warm the Sample solution, and add
0.5 mL of

ammonium molybdate TS.
Acceptance criteria:  A yellow precipitate is formed.

•  B. Identification Tests—General, Calcium 191 : Meets the requirements of the flame
test

ASSAY
•  Procedure

USP37

USP37

USP37
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Sample:  150 mg of Tribasic Calcium Phosphate
Blank:  Proceed as directed in the Analysis, omitting the test specimen.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.05 M edetate disodium VS
Endpoint detection:  Visual

Analysis:  Dissolve the Sample, with the aid of gentle heat if necessary, in a mixture of
hydrochloric acid and water (5:3) contained in a 250-mL beaker equipped with a magnetic
stirrer, and cautiously add 125 mL of water. With constant stirring, add in the following
order: 0.5 mL of triethanolamine, 300 mg of hydroxy naphthol blue, and from the titration
buret, about 23 mL of Titrant. Add sodium hydroxide solution (45 in 100) until the initial
red color changes to clear blue. Continue to add it dropwise until the color changes to
violet, and add an additional 0.5 mL. The pH is 12.3–12.5. Continue the titration dropwise
with Titrant to the appearance of a clear blue endpoint that persists for NLT 60 s. 
Calculate the percentage of calcium (Ca) in the Sample taken:

Result = {[(VS  VB ) × M × F]/W} × 100

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 40.08 mg/mmol
W= Sample weight (mg)
Acceptance criteria:  34.0%–40.0%

IMPURITIES

•  Chloride and Sulfate, Chloride 221
Standard:  1.0 mL of 0.020 N hydrochloric acid
Sample:  0.500 g of Tribasic Calcium Phosphate
Analysis:  Dissolve the Sample in 25 mL of 2 N nitric acid, and add 1 mL of silver nitrate TS.
Acceptance criteria:  NMT 0.14%

•  Chloride and Sulfate, Sulfate 221
Standard:  1.0 mL of 0.020 N sulfuric acid
Sample:  0.500 g of Tribasic Calcium Phosphate
Analysis:  Dissolve the Sample in the smallest possible amount of 3 N hydrochloric acid.

Dilute with water to 100 mL, and filter, if necessary. To 25 mL of the filtrate add 1 mL of
barium chloride TS.

Acceptance criteria:  NMT 0.8%

•  Arsenic, Method I 211
Test preparation:  Dissolve 1.0 g in just sufficient 3 N hydrochloric acid.
Acceptance criteria:  NMT 3 ppm

•  Barium
Sample:  500 mg of Tribasic Calcium Phosphate
Analysis:  Mix the Sample with 10 mL of water, heat, add hydrochloric acid, dropwise, until

solution is effected, and then add 2 drops of the acid in excess. Filter, and add to the
filtrate 1 mL of potassium sulfate TS.
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Acceptance criteria:  No turbidity appears within 15 min.

•  Heavy Metals, Method I 231
Test preparation:  Mix 1.3 g with 9 mL of 3 N hydrochloric acid, dilute with water to 50 mL,

and heat to boiling. Cool to room temperature, and filter. [Note—Filter the mixture after
the pH adjustment.]

Acceptance criteria:  NMT 30 ppm
•  Carbonate

Sample:  2 g of Tribasic Calcium Phosphate
Analysis:  Mix the Sample with 20 mL of water, and add 3 N hydrochloric acid, dropwise, to

effect solution.
Acceptance criteria:  No effervescence is produced.

•  Acid-Insoluble Substances
Analysis:  If an insoluble residue remains in the test for Carbonate, boil the solution, filter,

wash the residue well with hot water until the last washing is free from chloride, and ignite
the residue to constant weight.

Acceptance criteria:  NMT 0.2%: the weight of the residue is NMT 4 mg.
•  Dibasic Salt and Calcium Oxide

Sample:  1.5 g of Tribasic Calcium Phosphate
Blank:  25.0 mL of Titrant
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Residual titration
Titrant:  1 N hydrochloric acid VS
Back-titrant:  0.1 N sodium hydroxide VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample by warming with 25.0 mL of Titrant. Cool, and slowly titrate
the excess of Titrant, while agitating constantly, with the Back-titrant to a pH of 4.0.

Acceptance criteria:  13.0–14.3 mL of 1 N hydrochloric acid is consumed for each g of salt,
calculated on the ignited basis.

•  Limit of Fluoride
[Note—Prepare and store all solutions in plastic containers.]

Buffer solution:  294 mg/mL of sodium citrate dihydrate in water
Standard stock solution:  1.1052 mg/mL of USP Sodium Fluoride RS in water
Standard solution:  Transfer 20.0 mL of Standard stock solution to a 100-mL volumetric

flask containing 50.0 mL of Buffer solution, dilute with water to volume, and mix. Each mL
of this solution contains 100 µg of fluoride ion.

Sample solution:  Transfer 2.0 g of Tribasic Calcium Phosphate to a beaker containing a
plastic-coated stirring bar. Add 20 mL of water and 3.0 mL of hydrochloric acid, and stir
until dissolved. Add 50.0 mL of Buffer solution and sufficient water to make 100 mL.

Electrode system:  Use a fluoride-specific ion-indicating electrode and a silver–silver
chloride reference electrode connected to a pH meter capable of measuring potentials

with a minimum reproducibility of ±0.2 mV (see pH 791 ).
Analysis 

Samples:  Standard solution and Sample solution
Standard response line:  Transfer 50.0 mL of Buffer solution and 3.0 mL of hydrochloric

acid to a beaker, and add water to make 100 mL. Add a plastic-coated stirring bar,
insert the electrodes into the solution, stir for 15 min, and read the potential, in mV.
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Continue stirring, and at 5-min intervals add 100, 100, 300, 500, and 500 µL of Standard
solution, reading the potential 5 min after each addition. Plot the logarithms of the
cumulative fluoride ion concentrations (0.1, 0.2, 0.5, 1.0, and 1.5 µg/mL) versus
potential, in mV. 
Rinse and dry the electrodes, insert them into the Sample solution, stir for 5 min, and
read the potential, in mV. From the measured potential and the Standard response line
determine the concentration, C (in µg/mL), of fluoride ion in the Sample solution. 
Calculate the content of fluoride in the portion of Tribasic Calcium Phosphate taken:

Result = (V × C)/W

V= volume of the Sample solution (mL)
C= concentration of fluoride ion in the Sample solution (µg/mL), determined from the

Standard response line
W= weight of Tribasic Calcium Phosphate taken to prepare the Sample solution (g)

Acceptance criteria:  NMT 75 ppm
•  Limit of Nitrate

Sample:  200 mg of Tribasic Calcium Phosphate
Analysis:  Mix the Sample with 5 mL of water, and add just sufficient hydrochloric acid to

effect solution. Dilute with water to 10 mL, add 0.20 mL of indigo carmine TS, then add,
with stirring, 10 mL of sulfuric acid.

Acceptance criteria:  The blue color persists for NLT 5 min.
•  Water-Soluble Substances

Sample:  2 g of Tribasic Calcium Phosphate
Analysis:  Digest the Sample with 100 mL of water on a steam bath for 30 min. Cool, add

sufficient water to restore the original volume, stir well, and filter. Evaporate 50 mL of the

filtrate in a tared porcelain dish on a steam bath to dryness, and dry the residue at 120
to constant weight.

Acceptance criteria:  NMT 0.5%: the weight of the residue is NMT 5 mg.

SPECIFIC TESTS

•  Loss on Ignition 733

Analysis:  Ignite a sample at 800  for 30 min.
Acceptance criteria:  NMT 8.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Sodium Fluoride RS

BRIEFING

Sorbitan Sesquioleate, NF 30 page 1965. As part of the USP monograph modernization effort,
it is proposed to make the following changes:

1. Add a test for Fatty Acid Composition in Specific Tests.
2. In Identification test A, replace the current test procedure with a test for Fatty Acid

Composition for Sorbitan Sesquioleate.
3. In Identification test B, use USP Sorbitol RS to replace the reagent sorbitol.
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4. Delete the test for Iodine Value.
5. Add a specification for Peroxide Value.

6. Add USP Sorbitol RS to the USP Reference Standards 11  section.

Interested parties are encouraged to comment on the proposal.

(EXC: H. Wang.)
Correspondence Number—C111232

Comment deadline: March 31, 2013
Sorbitan Sesquioleate

DEFINITION

Sorbitan Sesquioleate is a partial oleate ester of Sorbitol and its mono- and dianhydrides. It
yields, upon saponification, NLT 74.0% and NMT 80.0% of fatty acids, and NLT 22.0% and NMT
28.0% of polyols (w/w).

IDENTIFICATION

Change to read:
•  A.

Fatty Acid Composition of Constituting Oleic Acid:
Sample:  1 g of the residue obtained in the Assay for Fatty Acids
Acceptance criteria 

Fats and Fixed Oils, Acid Value 401 :  192–204

Fats and Fixed Oils, Iodine Value 401 :  75–95

It meets the requirements of the test for Fats and Fixed Oils, Fatty Acid Composition 401 .

Change to read:
•  B.

Identification of Constituting Polyols by Thin-Layer Chromatography
Standard solution:  33 mg/mL of USP Isosorbide RS, 25 mg/mL of USP 1,4-Sorbitan RS, and

25 mg/mL of sorbitol
USP Sorbitol RS

Sample solution:  250 mg/mL of polyols, obtained in the Assay for Polyols
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  2 µL
Developing solvent system:  Acetone and glacial acetic acid (50:1)
Spray reagent:  Sulfuric acid and water (50:50)

Analysis 
Samples:  Standard solution and Sample solution 

Apply the Standard solution and Sample solution, and allow the spots to dry. Develop
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the chromatogram until the solvent front has moved about three-fourths of the length
of the plate. Remove the plate from the developing chamber, mark the solvent front,
and allow the solvent to evaporate. Spray evenly with Spray reagent until the surface is

uniformly wet (do not overspray), and immediately place the sprayed plate on a 200
hot plate in a well-ventilated hood. Char until white fumes of sulfur trioxide cease, and
cool.

Acceptance criteria:  The RF values of the spots from the Sample solution correspond to
those of the spots from the Standard solution.

ASSAY
•  Fatty Acids

Sample:  10 g
Analysis:  Transfer the Sample to a 500-mL conical flask. Cautiously add 100 mL of alcohol,

3.5 g of potassium hydroxide, and a few glass beads. Connect a suitable condenser to the
flask, reflux the mixture on a hot plate for 2 h, add 100 mL of water, and heat on a steam
bath to evaporate the alcohol, adding water occasionally to replace the alcohol. Continue
the evaporation until the odor of alcohol can no longer be detected, and transfer the
saponification mixture, with the aid of 100 mL of hot water, to a 500-mL separator. Using
extreme caution, neutralize to litmus paper with a mixture of equal volumes of sulfuric acid
and water, noting the volume used, and add a 10% excess of the dilute acid. Allow the
solution to cool. If salts appear, add sufficient water to produce a clear solution.
Cautiously add 100 mL of solvent hexane, shake thoroughly, and withdraw the lower layer
into a second 500-mL separator. Similarly extract with two more 100-mL portions of
solvent hexane. Extract the combined hexane layers with 50-mL portions of water until
neutral to litmus paper. Combine the extracts with the original aqueous phase to use for
the Assay for Polyols. Evaporate the solvent hexane in a tared beaker on a steam bath

nearly to dryness, dry under vacuum at 60  for 1 h, cool in a desiccator, and weigh the
fatty acids.

Acceptance criteria:  74.0%–80.0%
•  Polyols

Sample solution:  Aqueous solution retained from the Assay for Fatty Acids
Analysis:  Neutralize the Sample solution with a potassium hydroxide solution (1 in 10) to a

pH of 7, using a pH meter. Evaporate on a steam bath to a moist residue, extract the
polyols from the salts with three 150-mL portions of dehydrated alcohol, boiling the salt
residue for 3 min and crushing it, as necessary, with the flattened end of a stirring rod
during each extraction; filtering each extract while hot through a medium-porosity,
sintered-glass funnel provided with a sheet of retentive filter paper on which a layer of
purified siliceous earth has been superimposed; and receiving the filtrates in a 1-L suction
flask. Transfer the clear alcoholic polyols solution to a tared beaker, evaporate the alcohol

on a steam bath, dry under vacuum at 60  for 1 h, cool in a desiccator, and weigh the
polyols.

Acceptance criteria:  22.0%–28.0% (w/w)

IMPURITIES

•  Residue on Ignition 281 : NMT 1.4%

•  Heavy Metals, Method II 231 : NMT 10 µg/g

PF 39(1): Jan.-Feb. 2013 245



SPECIFIC TESTS

Add the following:

•  Fats and Fixed Oils, Fatty Acid Composition 401 : It exhibits the composition profiles of
fatty acids shown in Table 1.

Table 1

Carbon-Chain LengthNumber of Double Bonds
Percentage

(%)

14 0 5.0

16 0 16.0

16 1 8.0

18 0 6.0

18 1 65.0

18 2 18.0

18 3 4.0

20, 22a 0 4.0

a  The sum of these fatty acids should be NMT 4.0%. 

•  Water Determination, Method I 921 : NMT 1.0%

•  Fats and Fixed Oils, Acid Value 401 : NMT 14

•  Fats and Fixed Oils, Hydroxyl Value 401 : 182–220

Delete the following:

•  Fats and Fixed Oils, Iodine Value 401 : 65–75 

Add the following:

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 10.0 

•  Fats and Fixed Oils, Saponification Value 401 : 143–165

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Isosorbide RS 
USP 1,4-Sorbitan RS 
USP Sorbitol RS  

BRIEFING

Purified Stearic Acid, NF 30 page 1992. During the harmonization process of the Stearic Acid
monograph it was agreed among all participating Pharmacopeias (JP, EP, and USP) that
Purified Stearic Acid would be included in the harmonized Stearic Acid monograph as Stearic
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Acid 95. In order to accomplish this revision, the following changes are being proposed:

1. Align the following Purified Stearic Acid monograph specifications with those listed for
Stearic Acid 95 in the Stearic Acid monograph:

a. The Definition is revised to align with the Stearic Acid grade for Stearic Acid 95.
b. In the Identification section, add the following tests:

i. Freezing Point
ii. Acid Value
iii. Identification by retention time as obtained in the Assay.

c. In the Assay, replace the current packed column gas-chromatographic (GC)
method with the capillary column GC method. The proposed procedure is
based on the analysis performed with the J&W DB-WAX brand of G16 column.

d. In the Specific Tests section:
i. Delete the tests for Congealing Temperature, Fats and Fixed Oils, Acid

Value 401 , Mineral Acid, and Neutral Fat or Paraffin.
ii. Add the tests for Color of Solution, Acidity, Freezing Point, and Acid

Value.
2. The current practice of labeling the article of commerce with the name Purified Stearic

Acid may be continued until May 1, 2019. The 60-month extension will provide the
time needed by manufacturers and users to make necessary changes.

3. Omit the Purified Stearic Acid monograph from USP–NF as of May 1, 2019.

The Stearic Acid monograph has reached Stage 6 of the PDG process, and a copy of the
monograph is available on the USP harmonization section of the USP website. The monograph
indicates three separate grades of stearic acid in the Definition based on composition of
stearic and palmitic acids.

(EXC: G. Holloway.)
Correspondence Number—C122776

Comment deadline: March 31, 2013
Purified Stearic Acid

(This monograph will be omitted after May 1, 2019 due to inclusion of the article of
commerce in another compendial standard, Stearic Acid monograph, as Stearic Acid 95.)
(Prior to May 1, 2019, the current practice of labeling the article of commerce with the
name Purified Stearic Acid may be continued. The use of Stearic Acid 95 will be
mandatory upon May 1, 2019. The 60-month extension will provide the time needed by
manufacturers and users to make necessary changes.)

DEFINITION

Change to read:

Purified Stearic Acid is manufactured from fats and oils derived from edible sources and is a
mixture of stearic acid (C18H36O2) and palmitic acid (C16H32O2), which together constitute NLT
96.0% of the total content.
Purified Stearic Acid is a mixture consisting of stearic (octadecanoic) acid (C18H36O2) and

palmitic (hexadecanoic) acid (C16H32O2) obtained from fats or oils of vegetable or animal origin,
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which together constitute NLT 96.0% of the total content.
The content of stearic acid (C18H36O2) is NLT 90.0% of the total.
[Note—Purified Stearic Acid labeled solely for external use is exempt from the requirement that
it be prepared from edible sources.]

IDENTIFICATION

Add the following:
•  A. It meets the requirement of the test for Freezing Point. 

Add the following:
•  B. It meets the requirement of the test for Acid Value. 

Add the following:
•  C. The retention times of the major peaks of the Sample solution correspond to those of

the Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Standard solution:  Transfer 50 mg of USP Stearic Acid RS and 50 mg of USP Palmitic Acid
RS into a small conical flask fitted with a suitable reflux attachment. Add 5.0 mL of a
solution prepared by dissolving 14 g of boron trifluoride in methanol to make 100 mL; swirl
and reflux for 15 min or until the solid is dissolved. Cool, transfer the reaction mixture
with the aid of 10 mL of chromatographic solvent hexane to a 60-mL separator, and add
10 mL of water and 10 mL of saturated sodium chloride solution. Shake, allow to
separate, then drain and discard the lower, aqueous layer. Pass the hexane layer through
6 g of anhydrous sodium sulfate (previously washed with chromatographic solvent
hexane) into a suitable flask.

Sample solution:  Transfer 100 mg of Purified Stearic Acid into a small conical flask fitted
with a suitable reflux attachment. Add 5.0 mL of a solution prepared by dissolving 14 g of
boron trifluoride in methanol to make 100 mL; swirl and reflux for 15 min or until the solid
is dissolved. Cool, transfer the reaction mixture with the aid of 10 mL of chromatographic
solvent hexane to a 60-mL separator, and add 10 mL of water and 10 mL of saturated
sodium chloride solution. Shake, allow to separate, then drain and discard the lower,
aqueous layer. Pass the hexane layer through 6 g of anhydrous sodium sulfate
(previously washed with chromatographic solvent hexane) into a suitable flask.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  1.5-m × 3-mm, preferably glass; packing of 15% G4 on S1A
Carrier gas:  Helium, passed through a bed of molecular sieve for drying, if necessary
Injection volume:  1–2 µL
Temperatures 

Injection port:  210
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Detector:  210

Column:  165
System suitability 

Samples:  Standard solution and Sample solution
Suitability requirements 

Resolution:  NLT 2.0 between methyl palmitate and methyl stearate, Sample solution
[Note—Locate the peaks by comparison with the chromatogram from the Standard

solution.]
Relative standard deviation:  NMT 1.5% for methyl stearate and methyl palmitate for

five replicate injections of the Sample solution
Analysis 

Sample:  Sample solution

Calculate the percentage of stearic acid (C18H36O2) in the portion of Purified Stearic Acid
taken:

Result = (A/B) × 100

A= peak area due to methyl stearate
B= sum of all the fatty acid ester peaks

Calculate the percentage of palmitic acid (C16H32O2) in the portion of Purified Stearic Acid
taken:

Result = (A/B) × 100

A= peak area due to methyl palmitate
B= sum of all the fatty acid ester peaks

Acceptance criteria 
Stearic acid:  NLT 90.0%
Sum of stearic acid and palmitic acid:  NLT 96.0%
Boron trifluoride–methanol solution:  140 g/L of boron trifluoride in methanol
Standard solution:  Prepare as directed in the Sample solution using 50 mg of USP

Stearic Acid RS and 50 mg of USP Palmitic Acid RS.
Sample solution:  Dissolve 100 mg of Purified Stearic Acid in a small conical flask fitted

with a suitable reflux attachment with 5 mL of Boron trifluoride–methanol solution. Boil
under reflux for 10 min. Add 4.0 mL of heptane through the condenser, and boil again
under reflux for 10 min. Allow to cool. Add 20 mL of a saturated solution of sodium
chloride. Shake, and allow the layers to separate. Remove about 2 mL of the organic
layer, and dry it over 0.2 g of anhydrous sodium sulfate. Dilute 1.0 mL of this solution
with heptane to 10.0 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  30-m × 0.32-mm fused silica coated with a 0.5-µm layer of stationary phase

G16
Temperatures 

Injector:  220
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Detector:  260
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 — 70 2
70 5 240 5

Carrier gas:  Helium, passed through a bed of molecular sieve for drying, if necessary
Flow rate:  2.4 mL/min
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 5.0 between the methyl palmitate and methyl stearate peaks
determined from six injections

[Note—The relative retention times for methyl palmitate and methyl stearate are about
0.9 and 1.0, respectively.]
Relative standard deviation:  NMT 3.0% for the methyl stearate and methyl

palmitate peaks, from six replicate injections of Sample solution; NMT 1.0% for the
ratio of the peak areas of methyl palmitate to the peak areas of methyl stearate,
from six replicate injections

Analysis  
Calculate the percentage of stearic acid (C18H36O2) in the portion of the sample taken:

Result = (rU/rT) × 100

rU= peak area due to methyl stearate
rT= sum of the peak areas of all the fatty acid esters

Similarly, calculate the percentage of palmitic acid (C16H32O2) in the portion of the
sample taken:

Result = (rU/rT) × 100

r U= peak area due to methyl palmitate
rT= sum of the peak areas of all the fatty acid esters
Acceptance criteria:  NLT 90.0% of stearic acid (C18H36O2), and the sum of the stearic

acid and palmitic acid is NLT 96.0%.

IMPURITIES

•  Residue on Ignition 281
Sample:  4 g
Acceptance criteria:  NMT 4 mg (0.1%)

•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS
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Delete the following:

•  Congealing Temperature 651 : 66 –69  

Delete the following:

•  Fats and Fixed Oils, Acid Value 401
Sample: 1 g
Acceptance criteria: 195–200

Change to read:

•  Fats and Fixed Oils, Iodine Value 401
Sample:  1 g

Analysis:  Proceed as directed in Method I, except use 35 mL
15 mL

of chloroform.
Acceptance criteria:  NMT 1.5

Delete the following:
•  Mineral Acid

Sample: 5 g of melted Purified Stearic Acid
Analysis: Shake the Sample with an equal volume of hot water for 2 min, cool, and filter.
Acceptance criteria:  The filtrate is not reddened by the addition of 1 drop of methyl

orange TS.

Delete the following:
•  Neutral Fat or Paraffin

Sample solution: 1 g of Stearic Acid in 30 mL of anhydrous sodium carbonate solution
(16.7 mg/mL)

Analysis: Boil the Sample solution.
Acceptance criteria: The resulting solution, while hot, shows NMT a faint opalescence.

Add the following:
•  Acid Value

Light petroleum:  Use a sample that has the following properties: a clear, colorless, liquid

without fluorescence; practically insoluble in water; miscible with alcohol; density at 20

about 0.720; distillation range 100 –120 ; water content NMT 0.03%.1

Sample solution:  Dissolve 0.5 g of Purified Stearic Acid in 50 mL of a mixture of equal
volumes of alcohol and Light petroleum previously neutralized with 0.1 N potassium
hydroxide or 0.1 N sodium hydroxide, using 0.5 mL of phenolphthalein TS as indicator. If

necessary, heat to about 90  to dissolve the substance to be examined.
Analysis:  Titrate the Sample solution with 0.1 N potassium hydroxide or 0.1 N sodium

hydroxide until the pink color persists for at least 15 s. When heating has been applied to

aid dissolution, maintain the temperature at about 90  during the titration. 
Calculate the acid value of the portion of Purified Stearic Acid taken:

Result = V/W × N × 56.11

V = volume of the sodium hydroxide VS consumed in the titration (mL)
W = sample weight of Purified Stearic Acid taken to prepare the Sample solution (g)
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N = normality of the sodium hydroxide VS
56.11= molecular weight of potassium hydroxide
Acceptance criteria:  194–212

Add the following:
•  Freezing Point

Apparatus:  Consists of a test tube about 25 mm in diameter and 150 mm long placed
inside a test tube about 40 mm in diameter and 160 mm long. The inner tube is closed by

a stopper which carries a thermometer about 175 mm long and graduated in 0.2 , fixed so
that the bulb is about 15 mm above the bottom of the tube. The stopper has a hole
allowing the passage of the stem of a stirrer made from a glass rod or other suitable
material formed at one end into a loop of about 18 mm overall diameter at right angles to
the rod. The inner tube with its jacket is supported centrally in a 1-L beaker containing a
suitable cooling liquid to within 20-mm of the top. A thermometer is supported in the
cooling bath. Place in the inner tube sufficient quantity of the liquid or previously melted
substance to be examined, to cover the thermometer bulb, and determine the approximate
freezing point by cooling rapidly.

Analysis:  Place the inner tube in a bath about 5  above the approximate freezing point
until all but the last traces of crystals are melted. Fill the beaker with water or a

saturated solution of sodium chloride at a temperature about 5  lower than the expected
freezing point. Insert the inner tube into the outer tube ensuring that some seed crystals
are present, and stir thoroughly until solidification takes place. Note the highest
temperature observed during solidification.

Acceptance criteria:  64 –69

Add the following:
•  Color of Solution

Standard stock solution Y (yellow):  2.4 mL of ferric chloride CS, 0.6 mL of cobaltous
chloride CS, and 7.0 mL of hydrochloric acid solution (10 g/L)

Standard stock solution BY (brownish-yellow):  2.4 mL of ferric chloride CS, 1.0 mL of
cobaltous chloride CS, 0.4 mL of cupric sulfate CS, and 6.2 mL of hydrochloric acid
solution (10 g/L)

Standard solution Y:  2.5 mL of Standard stock solution Y and 97.5 mL of hydrochloric acid
solution (10 g/L)

Standard solution BY:  2.5 mL of Standard stock solution BY and 97.5 mL of hydrochloric
acid solution (10 g/L)

Analysis:  Heat Purified Stearic Acid to 75 .
Acceptance criteria:  The resulting liquid is not more intensely colored than Standard

solution Y or Standard solution BY.

Add the following:
•  Acidity

Analysis:  Melt 5.0 g of Purified Stearic Acid, shake for 2 min with 10 mL of hot carbon
dioxide-free water, cool slowly, and filter. To the filtrate add 0.05 mL of methyl orange
TS.

Acceptance criteria:  No red color develops.
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.
•  Labeling: If it is for external use only, the labeling so indicates.

•  USP Reference Standards 11
USP Palmitic Acid RS 
USP Stearic Acid RS 

1  Petroleum ether; boiling range 100 –140 ; CAS 64742-49-0 from Fisher Scientific; catalog number
AC23302-0025 is suitable. 

BRIEFING

Medical Air, USP 35 page 2080. The revision proposal published on page 828 of PF 35(4) [July–
Aug. 2009] is canceled and replaced with the following proposals:

1. Introduce Identification test A based on the paramagnetic signal due to the presence of
oxygen in Medical Air.

2. Introduce Identification test B based on the Assay acceptance criterion agreement to
ensure that the article complies with strength.

3. Revise the Assay to use the specific and selective paramagnetic oxygen measurement

technique, which is described in the general chapter Medical Gases Assay 415 .
4. Revise the Impurities section to include reference to the general chapter Impurities

Testing in Medical Gases 413 . Also, revise the specific tests to be consistent
with the general chapter.

5. Revise the Packaging and Storage section to be consistent with gas manufacturers'
storage practices.

6. The Labeling section has been revised to include the way Medical Air is manufactured to
assess the necessity for impurities testing based on the manufacturing process.

7. Delete the test for Odor to be consistent with the USP monograph modernization
initiative, because it presents a safety concern. According to General Notices 8.120,
Odor, "An odor designation is descriptive only and should not be regarded as a
standard of purity for a particular lot of an article." There are sufficient tests in the
monographs to ensure identity, quality, and purity of the material.

(SM4: R. Ravichandran.)
Correspondence Number—C117323

Comment deadline: March 31, 2013
Medical Air

DEFINITION

Medical Air is a natural or synthetic mixture of gases consisting largely of nitrogen and oxygen.
It contains NLT 19.5% and NMT 23.5%, by volume, of oxygen (O2).

IDENTIFICATION

Add the following:
•  A. The paramagnetic signal exhibited by the Sample gas in the Assay confirms the presence
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of oxygen. 

Add the following:
•  B. The Sample gas in the Assay meets the assay Acceptance criteria. 

ASSAY

Change to read:
•  Procedure

Analysis:  Determine the oxygen concentration of Medical Air using an electrochemical cell
analyzer readable to 0.1% of oxygen and calibrated with ambient air to an accuracy of ±
0.2% of oxygen. [Note—The instrument uses the variations of electric current produced
by the interaction of oxygen with an electrochemical cell to display the oxygen strength
of a confined sample or an in-line flow of the gas. This current generates a signal
proportional to the oxygen concentration, which is displayed on a meter.]

Acceptance criteria:  19.5%–23.5%

The certified standards called for in the following test are listed in Reagents, Indicators, and
Solutions.
Zero gas:  Nitrogen certified standard
Span gas:  21% Oxygen certified standard. [Note—See Reagents, Indicators, and

Solutions.]
Sample gas:  Medical Air

Mode:  Paramagnetic oxygen measurement (see Medical Gases Assay 415 )
Analysis:  Determine the concentration of oxygen in percentage by volume of Medical Air

using a suitable paramagnetic analyzer.
Acceptance criteria:  19.5%–23.5% of oxygen by volume

IMPURITIES

Add the following:

See Impurities Testing in Medical Gases Assay 413 . The detector tubes called for in the
following tests are listed in .Reagents, Indicators, and Solutions

If the label indicates that Medical Air is a synthetic mixture of oxygen and nitrogen, and where
oxygen complies to Oxygen USP and Nitrogen complies to Nitrogen NF, then the Impurities
tests are not required.

Change to read:
•  Limit of Carbon Dioxide Pass 1000 ± 50 mL through a carbon dioxide detector tube at the

rate specified for the tube: the indicator change corresponds to NMT 500 ppm.
Sample:  Detector tube manufacturer's recommended volume ±5% of Medical Air
Analysis:  Pass the Sample through a carbon dioxide detector tube at the rate specified

for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 500 ppm

Change to read:
•  Limit of Carbon Monoxide Pass 1000 ± 50 mL through a carbon monoxide detector tube at
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the rate specified for the tube: the indicator change corresponds to NMT 10 ppm.
Sample:  Detector tube manufacturer's recommended volume ±5% of Medical Air
Analysis:  Pass the Sample through a carbon monoxide detector tube at the rate

specified for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 10 ppm

Change to read:
•  Limit of Sulfur Dioxide Pass 1050 ± 50 mL through a sulfur dioxide detector tube at the

rate specified for the tube: the indicator change corresponds to NMT 5 ppm.
Sample:  Detector tube manufacturer's recommended volume ±5% of Medical Air
Analysis:  Pass the Sample through a sulfur dioxide detector tube at the rate specified

for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 5 ppm

Change to read:
•  Limit of Nitric Oxide and Nitrogen Dioxide Pass 550 ± 50 mL through a nitric oxide–

nitrogen dioxide detector tube at the rate specified for the tube: the indicator change
corresponds to NMT 2.5 ppm.

Sample:  Detector tube manufacturer's recommended volume ±5% of Medical Air
Analysis:  Pass the Sample through a nitric oxide–nitrogen dioxide detector tube at the

rate specified for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 2.5 ppm

•  Limit of Water and Oil
Analysis:  Support one container in an inverted position (with the valve at the bottom) for

5 min. Cautiously open the valve slightly, maintaining the container in an inverted position.
Vent the gas with a barely audible flow against a stainless steel mirror for a few seconds.

Acceptance criteria:  No liquid is discernible on the mirror.

SPECIFIC TESTS

Delete the following:
•  Odor: Carefully open the container valve to produce a moderate flow of gas. Do not direct

the gas stream toward the face, but deflect a portion of the stream toward the nose: no
appreciable odor is discernible. 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in cylinders or in a low-pressure collecting tank.

Containers used for Medical Air are not to be treated with any toxic, sleep-inducing, or
narcosis-producing compounds, and are not to be treated with any compound that would
be irritating to the respiratory tract when the Medical Air is used. [Note—Reduce the
container pressure by means of a regulator. Measure the gases with a gas volume meter
downstream from the detector tube to minimize contamination or change of the specimens.

The various detector tubes called for in the respective tests are listed under Reagents,
Indicators, and Solutions—Reagent Specifications.]

Preserve in pressurized containers. Container connections shall be appropriate for air.
Adaptors shall not be used to connect containers to patient use supply system piping or
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equipment.

Change to read:
•  Labeling: Where it is piped directly from the collecting tank to the point of use, label each

outlet “Medical Air”.
Label states if Medical Air is a synthetic mixture of Oxygen USP and Nitrogen NF. Where it is

piped directly from the collecting tank to the patient point of use, label each outlet
“Medical Air”.

BRIEFING

Aminobenzoate Potassium, USP 35 page 2164. As part of the USP monograph modernization
initiative, it is proposed to replace the titration procedure in the Assay with a validated
stability-indicating HPLC method. The proposed liquid chromatographic procedure is based on
an analysis performed with the Eclipse XBD-Phenyl brand of L7 column. The typical retention
time for aminobenzoic acid is about 6.0 min. The Definition is also revised from NLT 98.5%
and NMT 101.0% to NLT 98.0% and NMT 102.0% to be consistent with the customary range
afforded to HPLC assays of bulk active ingredients.

(SM2: C. Anthony.)
Correspondence Number—C88868

Comment deadline: March 31, 2013
Aminobenzoate Potassium

C7H6KNO2       175.23 

Benzoic acid, 4-amino-, potassium salt;      
Potassium 4-aminobenzoate     [138-84-1].

DEFINITION

Change to read:

Aminobenzoate Potassium contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of aminobenzoate potassium (C7H6KNO2), calculated on the dried basis.

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Sample solution:  10 µg/mL in 0.001 N sodium hydroxide
Acceptance criteria:  Meets the requirements

Change to read:
•  B.

Sample solution:  40 mg/mL
Analysis:  Add 1 mL of 3 N hydrochloric acid to
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10 mL of
the Sample solution, filter, and wash the precipitate with two 5-mL portions of cold water.

Recrystallize the precipitate from alcohol, and dry at 110  for 1 h.

Acceptance criteria:  The resulting p-aminobenzoic acid melts between 186  and 189 .

•  C. Identification Tests—General, Potassium 191 : A solution (1 in 100) meets the
requirements of the flame test.

ASSAY

Change to read:
•  Procedure

Sample:  500 mg
Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 sodium nitrite VS
Endpoint detection:  Potentiometric
Analysis:  Add 25 mL of water and 25 mL of 3 N hydrochloric acid to the Sample, mix and

cool in an ice bath. Titrate with Titrant, using a calomel-platinum electrode system. Each
mL of 0.1 M sodium nitrite is equivalent to 17.52 mg of aminobenzoate potassium
(C7H6KNO2).
Solution A:  1.5% acetic acid, prepared by mixing 690 mL of water with 10 mL of glacial
acetic acid and passing through a suitable filter of 0.45-µm pore size
Mobile phase:  Methanol and Solution A (15:85)
Standard solution:  0.1 mg/mL of USP Aminobenzoate Potassium RS in Mobile phase.

Mix, and sonicate for 3–4 min if needed.
Sample solution:  0.1 mg/mL of aminobenzoate potassium in Mobile phase. Mix, and

sonicate for 3–4 min if needed.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.0-mm × 15-cm; 3.5-µm packing L7
Flow rate:  0.35 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 7000 theoretical plates
Tailing factor:  0.9–2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of aminobenzoate potassium (C7H6KNO2) in the portion of
Aminobenzoate Potassium taken:

Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Aminobenzoate Potassium RS in the Standard solution (mg/mL)
CU= concentration of Aminobenzoate Potassium in the Sample solution (mg/mL)

Acceptance criteria:  98.5%–101.0%
98.0%–102.0%

on the dried basis

IMPURITIES

•  Chloride and Sulfate, Chloride 221
Sample:  1.4 g
Acceptance criteria:  0.02%. Shows no more chloride than corresponds to 0.4 mL of 0.020

N hydrochloric acid.

•  Chloride and Sulfate, Sulfate 221
Sample:  1.4 g
Acceptance criteria:  0.02%. Shows no more chloride than corresponds to 0.3 mL of 0.020

N sulfuric acid.

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Volatile Diazotizable Substances

Standard stock solution:  0.1 mg/mL of p-toluidine, prepared by dissolving in 5% of the
flask volume of methanol, and diluting with water to volume

Standard solution:  0.001 mg/mL of p-toluidine from the Standard stock solution
Sample solution:  Transfer 5.0 g of Aminobenzoate Potassium to a suitable flask, and add a

volume of 1.25 N sodium hydroxide that is just sufficient to dissolve the sample and to
render the solution just alkaline to phenolphthalein TS. Dilute with water to 50 mL, and
steam-distill the solution, collecting 95 mL of the distillate in a 100-mL volumetric flask.
Dilute with water to volume.

Blank:  Water
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Vis
Analytical wavelength:  Wavelength of maximum absorbance at about 405 nm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Transfer 20.0 mL each of the Standard solution, Sample solution, and Blank to three
separate 100-mL beakers, and treat each as follows. Add 5.0 mL of 1 N hydrochloric acid,
and cool in an ice bath. Add 2.0 mL of 0.1 M sodium nitrite dropwise, with stirring. Allow to
stand for 5 min for the diazotization reaction to be complete, add quickly to 10.0 mL of a
cold solution of guaiacol (freshly prepared by dissolving 0.20 g of guaiacol in 100 mL of 1 N
sodium hydroxide), and allow to stand for 30 min. Concomitantly determine the
absorbances of the solutions.

Acceptance criteria:  The absorbance of the solution from the Sample solution does not
exceed that of the solution from the Standard solution, corresponding to NMT 0.002% of
volatile diazotizable substances as p-toluidine.
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SPECIFIC TESTS

•  pH 791
Sample solution:  50 mg/mL
Acceptance criteria:  8.0–9.0

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Aminobenzoate Potassium RS 

BRIEFING

Aminobenzoate Sodium, USP 35 page 2166. As part of the USP monograph modernization
initiative, it is proposed to replace the titration procedure in the Assay with a validated
stability-indicating HPLC method. The proposed liquid chromatographic procedure is based on
an analysis performed with the Eclipse XBD-Phenyl brand of L7 column. The typical retention
time for aminobenzoic acid is about 6.0 min. The Definition is also revised from NLT 98.5%
and NMT 101.0% to NLT 98.0% and NMT 102.0% to be consistent with the customary range
afforded to HPLC assays of bulk active ingredients.

(SM2: C. Anthony.)
Correspondence Number—C88869

Comment deadline: March 31, 2013
Aminobenzoate Sodium

C7H6NNaO2       159.12 

Benzoic acid, 4-amino-, sodium salt;      
Sodium 4-aminobenzoate     [555-06-6].

DEFINITION

Change to read:

Aminobenzoate Sodium contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of C7H6NNaO2, calculated on the dried basis.

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
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Sample solution:  10 µg/mL in 0.001 N sodium hydroxide

Change to read:
•  B.

Sample solution:  40 mg/mL
Analysis:  Add 1 mL of 3 N hydrochloric acid to
10 mL of

the Sample solution, filter, and wash the precipitate with two 5-mL portions of cold water.

Recrystallize the precipitate from alcohol, and dry at 110  for 1 h.

Acceptance criteria:  The resulting p-aminobenzoic acid melts between 186  and 189 .

•  C. Identification Tests—General, Sodium 191 : A solution (1 in 100) meets the
requirements of the flame test.

ASSAY

Change to read:
•  Procedure

Sample:  500 mg of Aminobenzoate Sodium
Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 sodium nitrite VS
Endpoint detection:  Potentiometric
Analysis:  Add 25 mL of water and 25 mL of 3 N hydrochloric acid to the Sample and cool

in an ice bath. Titrate with Titrant, using a calomel-platinum electrode system. Each mL
of 0.1 M sodium nitrite is equivalent to 15.91 mg of aminobenzoate sodium (C7H6NNaO2).
Solution A:  1.5% acetic acid, prepared by mixing 788 mL of water with 11.4 mL of glacial
acetic acid and passing through a suitable filter of 0.45-µm pore size
Mobile phase:  Methanol and Solution A (15:85)
Standard solution:  0.1 mg/mL of USP Aminobenzoate Sodium RS in Mobile phase.
Sample solution:  0.1 mg/mL of aminobenzoate sodium in Mobile phase.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.0-mm × 15-cm; 3.5-µm packing L7
Flow rate:  0.35 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 9500 theoretical plates
Tailing factor:  1.0–2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of aminobenzoate sodium (C7H6NNaO2) in the portion of
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Aminobenzoate Sodium taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Aminobenzoate Sodium RS in the Standard solution (mg/mL)
CU= concentration of Aminobenzoate Sodium in the Sample solution (mg/mL)

Acceptance criteria:  98.5%–101.0%
98.0%–102.0%

on the dried basis

IMPURITIES

•  Chloride and Sulfate, Chloride 221
Sample:  1.4 g
Acceptance criteria:  0.02%. Shows no more chloride than corresponds to 0.4 mL of 0.020

N hydrochloric acid.

•  Chloride and Sulfate, Sulfate 221
Sample:  1.4 g
Acceptance criteria:  0.02%. Shows no more chloride than corresponds to 0.3 mL of 0.020

N sulfuric acid.

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Volatile Diazotizable Substances

Standard stock solution:  0.1 mg/mL of p-toluidine, prepared by dissolving in 5% of the
flask volume of methanol, and diluting with water to volume

Standard solution:  0.001 mg/mL of p-toluidine from the Standard stock solution
Sample solution:  Transfer 5.0 g of Aminobenzoate Sodium to a suitable flask, and add a

volume of 1.25 N sodium hydroxide that is just sufficient to dissolve the sample and to
render the solution just alkaline to phenolphthalein TS. Dilute with water to 50 mL, and
steam-distill the solution, collecting 95 mL of the distillate in a 100-mL volumetric flask.
Dilute with water to volume.

Blank:  Water
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Vis
Analytical wavelength:  Wavelength of maximum absorbance at about 405 nm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Transfer 20.0 mL each of the Standard solution, Sample solution, and Blank to three
separate 100-mL beakers, and treat each as follows. Add 5.0 mL of 1 N hydrochloric acid,
and cool in an ice bath. Add 2.0 mL of 0.1 M sodium nitrite dropwise, with stirring. Allow to
stand for 5 min for the diazotization reaction to be complete, add quickly to 10.0 mL of a
cold solution of guaiacol (freshly prepared by dissolving 0.20 g of guaiacol in 100 mL of 1 N
sodium hydroxide), and allow to stand for 30 min. Concomitantly determine the
absorbances of the solutions.
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Acceptance criteria:  The absorbance of the solution from the Sample solution does not
exceed that of the solution from the Standard solution, corresponding to NMT 0.002% of
volatile diazotizable substances as p-toluidine.

SPECIFIC TESTS

•  pH 791
Sample solution:  50 mg/mL
Acceptance criteria:  8.0–9.0

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Aminobenzoate Sodium RS 

BRIEFING

Artemether and Lumefantrine Tablets. This new dosage form monograph replaces that
which appeared in PF 36(2) [Mar.–Apr. 2010] but was subsequently canceled. On the basis
of additional supporting information and comments received, a new version is being
proposed, based on updated specifications including deletion of a redundant and
nonorthagonal TLC procedure for identification as part of monograph modernization. The
HPLC procedure used in the Assay is based on analysis performed with the Symmetry C18
(5-µm) brand of L1 column. The typical retention times for artemether and lumefantrine are
19 and 34 min, respectively. The chromatographic procedure in the test for Dissolution of
Artemether was validated with the Nucleosil C18 brand of L1 column. The HPLC procedure
used in the test for Impurities, Procedure for Lumefantrine is based on analysis performed
with the Nucleosil C18 (5-µm) brand of L1 column. The typical retention time for
lumefantrine is 11 min.

(SM1: B. Davani.)
Correspondence Number—C93061

Comment deadline: March 31, 2013

Add the following:
Artemether and Lumefantrine Tablets

DEFINITION

Artemether and Lumefantrine Tablets contain NLT 90.0% and NMT 105.0% of the labeled
amount of artemether (C16H26O5) and NLT 95.0% and NMT 105.0% of the labeled amount of
lumefantrine (C30H32Cl3NO).

IDENTIFICATION
•  A. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.
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ASSAY
•  Procedure

Solution A:  5.65 g/L of sodium 1-hexanesulfonate and 2.75 g/L of monobasic sodium
phosphate in water. Adjust with phosphoric acid to a pH of 2.3 before dilution to final
volume.

Solution B:  Acetonitrile and Solution A (30:70)
Solution C:  Acetonitrile and Solution A (70:30)
Diluent:  Prepare a mixture of 100 mL of Solution A, 100 mL of 1-propanol, and 30 mL of

water, and dilute with acetonitrile to 500 mL.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 60 40
28 60 40
29 0 100
45 0 100
46 60 40
55 60 40

Standard solution:  0.2 mg/mL of USP Artemether RS and 1.2 mg/mL of USP Lumefantrine
RS in Diluent. Sonicate to dissolve, if necessary.

Sample solution:  Transfer the equivalent of 200 mg of artemether and 1200 mg of
lumefantrine from Tablets (NLT 10) to a 1000-mL volumetric flask. Disintegrate with 60 mL
of water, add 200 mL of 1-propanol, and sonicate to dissolve. Then add 200 mL of
Solution A and 400 mL of acetonitrile, and sonicate to dissolve. Cool the solution to room
temperature, and dilute with acetonitrile to volume. Withdraw about 10 mL of the
suspension, centrifuge for about 5 min at about 4000 rpm, and use the clear supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 and 380 nm. Set the detector for the first 30 min to 210 nm, then

switch to 380 nm.
Column:  3.9-mm × 15-cm; 5-µm packing L1
Flow rate:  1.3 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  0.8–4.5 for artemether and lumefantrine
Relative standard deviation:  NMT 2.0% for artemether and lumefantrine

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of artemether (C16H26O5) and
lumefantrine (C30H32Cl3NO) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of artemether or lumefantrine from the Sample solution
rS= peak response of artemether or lumefantrine from the Standard solution
CS= concentration of USP Artemether RS or USP Lumefantrine RS in the Standard solution

(mg/mL)
CU= nominal concentration of artemether or lumefantrine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–105.0% for artemether and 95.0%–105.0% for lumefantrine

PERFORMANCE TESTS

•  Dissolution 711
Dissolution of Artemether 

Medium:  Water, partially degassed (6.5–7 mg of O2/L); 1000 mL
Apparatus 2:  100 rpm
Times:  1 and 3 h
Mobile phase:  Acetonitrile, 1-propanol, trifluoroacetic acid, and water (500:100:1:400)
Standard solution:  0.01 mg/mL of USP Artemether RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable 0.45-µm

filter. Dilute with Medium, if necessary.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 12.5-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.5%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of artemether dissolved:

Result = (rU/rS) × (CS/L) × V × D × 100

rU= peak response of artemether from the Sample solution
rS= peak response of artemether from the Standard solution
CS= concentration of Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
D= dilution factor
Tolerances:  NLT 40% (Q) of the labeled amount of artemether (C16H26O5) is dissolved in

1 h, and NLT 60% (Q) of the labeled amount of artemether is dissolved in 3 h.
Dissolution of Lumefantrine 

Medium:  0.1 N hydrochloric acid containing 1% of benzalkonium chloride; 1000 mL
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Apparatus 2:  100 rpm
Time:  45 min
Standard solution:   0.12 mg/mL of USP Lumefantrine RS in Medium
Sample solution:   Pass a portion of the solution under test through a suitable 0.5-µm

filter. Dilute with Medium, if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV absorption spectroscopy
Analytical wavelength:  UV 342 nm
Cell:  0.2 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lumefantrine dissolved:

Result = (AU/AS) × (CS/L) × V × D × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
D= dilution factor
Tolerances:  NLT 60% (Q) of the labeled amount of lumefantrine (C30H32Cl3NO) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements for artemether and lumefantrine

IMPURITIES
•  Procedure for Artemether

Solution A:  Acetonitrile and water (50:50)
Standard stock solution:  0.1 mg/mL of USP Artemether RS, 0.1 mg/mL of USP Artemether

Related Compound A RS, and 0.1 mg/mL of USP Artemether Related Compound B RS in
Solution A

Standard solution A:  0.005 mg/mL each of USP Artemether RS, USP Artemether Related
Compound A RS, and USP Artemether Related Compound B RS in Solution A from the
Standard stock solution

Standard solution B:  0.015 mg/mL each of USP Artemether RS, USP Artemether Related
Compound A RS, and USP Artemether Related Compound B RS in Solution A from the
Standard stock solution

Standard solution C:  0.025 mg/mL each of USP Artemether RS, USP Artemether Related
Compound A RS, and USP Artemether Related Compound B RS in Solution A from the
Standard stock solution

Standard solution D:  0.050 mg/mL each of USP Artemether RS, USP Artemether Related
Compound A RS, and USP Artemether Related Compound B RS in Solution A from the
Standard stock solution

Standard solution E:  0.075 mg/mL each of USP Artemether RS, USP Artemether Related
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Compound A RS, and USP Artemether Related Compound B RS in Solution A from the
Standard stock solution

Sample solution:  Disintegrate a number of Tablets, equivalent to 60 mg of artemether, in
6 mL of water. Add 6 mL of acetonitrile, sonicate to dissolve, centrifuge at about 4000
rpm, and pass through a suitable filter of 0.5-µm pore size.

Chromatographic system   

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  20 µL
Developing solvent system:  petroleum benzin, ethyl acetate, and glacial acetic acid

(20: 5: 2.5)
Spray reagent:  20% sulfuric acid in methanol

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, Standard

solution D, Standard solution E, and Sample solution

Expose the plate to UV light at 254 nm for 60 min. Spray the plate with 20% sulfuric acid

in methanol, heat at 140  for about 10 min in a drying oven, and examine the plate under
daylight. Estimate the percentage of all secondary spots observed in the chromatograms
from the Sample solution by comparing each spot with the principal spots from the
chromatograms of the Standard solutions.

Acceptance criteria:  See Table 2.

Table 2

Name
Retardation Factor

(RF)

Acceptance
Criteria,
NMT (%)

Cyclohexanone propanal derivativea 0.25 1.0

Artemether related compound A (Dihydroartemisinin)b 0.30 1.0

Furoisochromen derivativec 0.35 0.5

Artemether related compound B ( -Artemether)d 0.40 0.3
Artemether 0.55 —
Any other individual impurity — 0.2
Total unknown impurities — 0.5

a  2-(4-Methyl-2-oxo-3-(3-oxobutyl)cyclohexyl)propanal. 
b  (3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-trimethyl-3,12-

epoxy-12H-pyrano[4,3-j]-1,2-benzodioxepin. 
c  (3aS,4R,6aS,7R,8S,10S)-8-Methoxy-4,7-dimethyldecahydrofuro[3,2-i]isochromen-10-yl

acetate. 
d  (3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-methoxy-3,6,9-trimethyl-3,12-epoxy-

12H-pyrano[4,3-j]-1,2-benzodioxepin. 
•  Procedure for Lumefantrine

Diluent and Solution A:  Proceed as directed in the Assay.
Solution B:  Acetonitrile, 1-propanol, Solution A, and water (25:5:20:50)
Solution C:  Acetonitrile, 1-propanol, Solution A, and water (65:5:20:10)
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System suitability solution:  1.2 mg/mL of USP Lumefantrine RS and 0.02 mg/mL of USP
Lumefantrine Related Compound A RS in Diluent

Sample solution:  Transfer an equivalent to 1200 mg of lumefantrine from Tablets (NLT 10)
to a 1000-mL volumetric flask. Disintegrate with 60 mL of water, add 200 mL of 1-
propanol, and sonicate for about 15 min. Then add 200 mL of Solution A, 400 mL of
acetonitrile, and sonicate to dissolve. Cool the solution to room temperature, and dilute
with acetonitrile to volume. Withdraw about 10 mL of the suspension, centrifuge for 5 min
at about 4000 rpm, and use the clear supernatant.

Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution B
(%)

Solution C
(%)

0 25 75
14 25 75
19 0 100
25 0 100
26 25 75
35 25 75

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 300 nm
Column:  4.0-mm × 12.5-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  5 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 0.5 between lumefantrine and lumefantrine related compound A
Tailing factor:  0.8–5.0 for lumefantrine and lumefantrine related compound A
Relative standard deviation:  NMT 2.0% for lumefantrine

Analysis 
Sample:  Sample solution
[Note—Identify the impurities using the relative retention times specified in Table 4.]

Calculate the percentage of each lumefantrine related compound and any other individual
impurity in the portion of Tablets taken:

Result = (rU/rT) × 100

rU= peak response of impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)
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Lumefantrine related compound Aa 0.9 0.1
Lumefantrine 1.0 —
Any other individual impurity — 0.1
Total impurities — 0.3

a  (RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-
yl)ethanol. 

Acceptance criteria:  See Table 4. Disregard any peak less than 0.05%.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at room

temperature.

•  USP Reference Standards 11
USP Artemether RS
USP Artemether Related Compound A RS 

(3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-trimethyl-3,12-epoxy-12H-
pyrano[4,3-j]-1,2-benzodioxepin.     
C15H24O5      284.35

USP Artemether Related Compound B RS 
(3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-methoxy-3,6,9-trimethyl-3,12-epoxy-
12H-pyrano[4,3-j]-1,2-benzodioxepin.     
C16H26O5      298.37

USP Lumefantrine RS
USP Lumefantrine Related Compound A RS 

(RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-
yl)ethanol.     
C30H32Cl3NO      528.94

BRIEFING

Benzethonium Chloride, USP 35 page 2317. As part of the USP monograph modernization
effort, it is proposed to revise the titration-based Assay procedure with a stability-indicating
HPLC procedure. The HPLC retention time agreement from the Assay is also added as an
orthagonal identification test to IR. The liquid chromatographic procedure is based on
analysis performed with the Zorbax SB-C8 or Luna C8 brand of L7 column. The typical
retention time for the benzethonium peak is about 10 min. It is also proposed to delete the
test for Limit of Ammonium Compounds because the test is nonspecific. Furthermore, the
reference standard for Methylbenzethonium Chloride needed for resolution requirement in the
Assay is added.

(SM1: B. Davani.)
Correspondence Number—C102384

Comment deadline: March 31, 2013
Benzethonium Chloride

C27H42ClNO2       448.08 
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Benzenemethanaminium, N,N-dimethyl-N-[2-[2-[4-(1,1,3,3-
tetramethylbutyl)phenoxy]ethoxy]ethyl]-, chloride;     
Benzyldimethyl[2-[2-[p-(1,1,3,3-tetramethylbutyl)phenoxy]ethoxy]ethyl]ammonium chloride    
[121-54-0].

DEFINITION

Benzethonium Chloride contains NLT 97.0% and NMT 103.0% of benzethonium chloride
(C27H42ClNO2), calculated on the dried basis.

IDENTIFICATION
•  A.

Sample solution:  10 mg/mL
Analysis:  Add 2 mL of alcohol, 0.5 mL of 2 N nitric acid, and 1 mL of silver nitrate TS to 1

mL of the Sample solution.
Acceptance criteria:  A white precipitate, which is insoluble in 2 N nitric acid but soluble in

6 N ammonium hydroxide, is formed.

•  B. Infrared Absorption 197K

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  0.3 g of Benzethonium Chloride
Analysis:  Dissolve the Sample in 75 mL of water contained in a glass-stoppered, 250-mL

flask. Add 0.4 mL of bromophenol blue solution (1 in 2000), 10 mL of chloroform, and 1 mL
of 1 N sodium hydroxide. Titrate with 0.02 M sodium tetraphenylboron VS until the blue
color disappears from the chloroform layer. Add the last portions of the sodium
tetraphenylboron solution dropwise, agitating vigorously after each addition. Each mL of
0.02 M sodium tetraphenylboron is equivalent to 8.962 mg of C27H42ClNO2.

Acceptance criteria:  97.0%–103.0% on the dried basis

Buffer:  Dilute 20 mL of triethylamine with water to 1000 mL, and adjust with phosphoric
acid to a pH of 3.0.

Mobile phase:  Acetonitrile and Buffer (42:58)
Diluent:  Acetonitrile and water (42:58)
System suitability solution:  0.15 mg/mL each of USP Benzethonium Chloride RS and USP

Methylbenzethonium Chloride RS in Diluent
Standard solution:  0.15 mg/mL of USP Benzethonium Chloride RS in Diluent
Sample solution:  0.15 mg/mL of Benzethonium Chloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  1.5 times the retention time of the methylbenzethonium peak

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for benzethonium and methylbenzethonium are 0.7

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 7.0 between the benzethonium and methylbenzethonium peaks
Tailing factor:  NMT 2.0 for the benzethonium peak
Relative standard deviation:  NMT 1.0% for the benzethonium peak

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of benzethonium chloride (C27H42ClNO2) in the portion of
Benzethonium Chloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of benzethonium from the Sample solution
rS= peak response of benzethonium from the Standard solution
CS= concentration of USP Benzethonium Chloride RS in the Standard solution (mg/mL)
CU= concentration of Benzethonium Chloride in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:
•  Organic Impurities: Limit of Ammonium Compounds: To 5 mL of a solution (1 in 50)

add 3 mL of 1 N sodium hydroxide, and heat to boiling: the odor of ammonia is not
perceptible. 

SPECIFIC TESTS

•  Melting Range or Temperature 741 : 158 –163 , the specimen having been dried
previously

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 4 h.
Acceptance criteria:  NMT 5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
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USP Benzethonium Chloride RS
USP Methylbenzethonium Chloride RS 

BRIEFING

Cabergoline, USP 35 page 2425. As part of USP monograph improvement efforts, it is proposed
to revise the Definition to be consistent with the calculation included in the Assay.
Additionally, minor editorial changes have been made to update the monograph to current
USP style.

(SM4: H. Joyce.)
Correspondence Number—C124799

Comment deadline: March 31, 2013
Cabergoline

C26H37N5O2       451.60 

Ergoline-8 -carboxamide, N-[3-(dimethylamino)propyl]-N-[(ethylamino)carbonyl]-6-(2-
propenyl)-;     

1-[(6-Allylergolin-8 -yl)carbonyl]-1-[3-(dimethylamino)propyl]-3-ethylurea     [81409-90-7].

DEFINITION

Change to read:

Cabergoline contains NLT 98.0% and NMT 102.0% of the labeled amount

of cabergoline (C26H37N5O2), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

Prepare solutions immediately before use, and protect from light.
Buffer:  Dissolve 6.8 g of monobasic potassium phosphate in 900 mL of water, adjust with

phosphoric acid to a pH of 2.0, and dilute to 1 L. Add 0.2 mL of triethylamine to the
resulting solution, and mix.

Mobile phase:  Acetonitrile and Buffer (4:21)
Standard solution:  0.25 mg/mL of USP Cabergoline RS in Mobile phase. Sonicate, if

needed.
Sample solution:  0.25 mg/mL of Cabergoline in Mobile phase. Sonicate, if needed.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 25-cm; 10-µm packing L1
Flow rate:  1.3 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Relative standard deviation:  NMT 2.0% for five replicate injections

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of cabergoline (C26H37N5O2) in the portion of Cabergoline
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cabergoline RS in the Standard solution (mg/mL)
CU= concentration of Cabergoline in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Heavy Metals, Method II 231 : 20 ppm

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities 

Prepare solutions immediately before use, and protect from light.
Buffer and Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  To 10 mL of 0.1 M sodium hydroxide add 50 mg of

Cabergoline, and stir for about 15 min. To 1 mL of the suspension add 1 mL of 0.1 M
hydrochloric acid, and dilute with Mobile phase to 10.0 mL. Sonicate until dissolution is
complete. [Note—The main degradation product obtained is cabergoline related compound
A.]

Sample solution:  0.25 mg/mL of Cabergoline in Mobile phase. Sonicate, if needed.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 25-cm; 10-µm packing L1
Flow rate:  1.3 mL/min
Injection volume:  100 µL

System suitability 
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Sample:  System suitability solution
[

Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between cabergoline and cabergoline related compound A
Analysis 

Sample:  Sample solution 
Calculate the percentage of each impurity in the portion of Cabergoline taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all of the peak responses from the Sample solution

Acceptance criteria: See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Cabergoline related compound Da 0.3 0.1

Cabergoline related compound Bb 0.6 0.1

Cabergoline related compound Ac 0.8 0.3
Cabergoline 1.0 —

Cabergoline related compound Cd 2.9 0.3
Any other individual, unidentified impurity — 0.10
Total impurities — 0.8

a  (6aR,9R,10aR)-N-[3-(Dimethylamino)propyl]-7-(prop-2-enyl)-
4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9-carboxamide.

b  (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-7-(prop-2-enyl)
6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-dicarboxamide.

c  (6aR,9R,10aR)-7-(Prop-2-enyl)-4,6,6a,7,8,9,10,10a-octahydroindolo[4,3-fg]quinoline-9-
carboxylic acid.

d  (6aR,9R,10aR)-N9-[3-(Dimethylamino)propyl]-N4-ethyl-N9-(ethylcarbamoyl)-7-(prop2-enyl)-
6a,7,8,9,10,10a-hexahydroindolo[4,3-fg]quinoline-4,9(6H)-dicarboxamide.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  1 mg/mL in alcohol

Acceptance criteria:  77  to 83  on the anhydrous basis

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light.

•  USP Reference Standards 11
USP Cabergoline RS 

BRIEFING
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Carbidopa, page 5919 of the Second Supplement to USP 35. On the basis of comments
received, it is proposed to clarify the Assay calculation.

(SM4: H. Joyce.)
Correspondence Number—C123087

Comment deadline: March 31, 2013
Carbidopa

Change to read:

C10H14N2O4·H2O       244.24 
C10H14N2O4

      226.23 

Benzenepropanoic acid, -hydrazino-3,4-dihydroxy- -methyl-, monohydrate, (S)-;     

( )-l- -Hydrazino-3,4-dihydroxy- -methylhydrocinnamic acid monohydrate     [38821-49-7].
Anhydrous     [28860-95-9].

DEFINITION

Carbidopa contains NLT 98.0% and NMT 102.0% of carbidopa (C10H14N2O4·H2O).

IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Alcohol and 0.05 M monobasic sodium phosphate, adjusted with phosphoric
acid to a pH of 2.7 (5:95)

System suitability solution:  0.1 mg/mL of USP Carbidopa RS and 0.1 mg/mL of USP
Methyldopa RS in Mobile phase

Standard solution:  0.5 mg/mL of USP Carbidopa RS in Mobile phase. [Note—Use gentle
heat and ultrasonification, if necessary, to dissolve.]

Sample solution:  0.5 mg/mL of Carbidopa in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
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System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for methyldopa and carbidopa are about 0.8 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 0.9 between methyldopa and carbidopa, System suitability solution
Relative standard deviation:  NMT 1.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the concentration, in mg/mL, of carbidopa (C10H14N2O4·H2O) in the Standard
solution (CS):

Result = CS2 × (Mr1/Mr2)

CS2= concentration of USP Carbidopa RS, as determined using the value on the USP
Reference Standard label in the Standard solution (mg/mL)

Mr1= molecular weight of carbidopa monohydrate, 244.24
Mr2= molecular weight of anhydrous carbidopa, 226.23

Calculate the percentage of carbidopa (C10H14N2O4·H2O) in the portion of Carbidopa taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS = concentration of USP Carbidopa RS, as the monohydrate,

carbidopa (C10H14N2O4·H2O)
in the Standard solution (mg/mL)

CU = concentration of Carbidopa in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Limit of Methyldopa and Carbidopa Related Compound A

Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Impurity standard solution:  2.5 µg/mL of USP Methyldopa RS and 2.5 µg/mL of USP
Carbidopa RS in Mobile phase

Analysis 
Samples:  Sample solution and Impurity standard solution
[Note—The relative retention times for methyldopa, carbidopa, and carbidopa related

compound A are about 0.8, 1.0, and 1.8, respectively.]

Calculate the percentage of methyldopa in the portion of Carbidopa taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of methyldopa from the Sample solution
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rS= peak response of methyldopa from the Impurity standard solution
CS= concentration of USP Methyldopa RS in the Impurity standard solution (µg/mL)
CU= concentration of the Sample solution (µg/mL)

Calculate the percentage of carbidopa related compound A in the portion of Carbidopa
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of carbidopa related compound A from the Sample solution
rS= peak response of carbidopa from the Impurity standard solution
CS= concentration of USP Carbidopa RS in the Impurity standard solution (µg/mL)
CU= concentration of the Sample solution (µg/mL)
Acceptance criteria:  NMT 0.5% of methyldopa and NMT 0.5% of carbidopa related

compound A

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in 0.7 g/mL of aluminum chloride solution (prepared using the

hexahydrate form of the aluminum salt) that has been filtered and adjusted with 0.25 N
sodium hydroxide to a pH of 1.5

Acceptance criteria:  21.0  to 23.5  calculated as the monohydrate

•  Loss on Drying 731

Analysis:  Heat 1 g in a suitable vacuum drying apparatus at 100  and a pressure of NMT 5
mm of mercury to constant weight. Cool, and weigh.

Acceptance criteria:  6.9%–7.9%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Carbidopa RS 
USP Methyldopa RS 

BRIEFING

Carbidopa and Levodopa Tablets, USP 35 page 2488. As part of the USP monograph
improvement efforts, it is proposed to revise this monograph by adding a second
Identification test based on HPLC retention time agreement using the existing Assay and by
updating the monograph to be consistent with current USP style. These updates include
adding a formula to the Dissolution test.

(SM4: H. Joyce.)
Correspondence Number—C116371

Comment deadline: March 31, 2013
Carbidopa and Levodopa Tablets
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DEFINITION

Carbidopa and Levodopa Tablets contain NLT 90.0% and NMT 110.0% of the labeled amounts
of carbidopa (C10H14N2O4) and levodopa (C9H11NO4).

IDENTIFICATION
•  A.

Diluent:  0.05 N hydrochloric acid and methanol (50:50)
Standard solution A:  0.1 mg/mL of USP Carbidopa RS in Diluent
Standard solution B:  0.1 mg/mL of USP Levodopa RS in Diluent
Sample solution:  Nominally 0.1 mg/mL of carbidopa from powdered Tablets in solution,

prepared as follows. Transfer a portion of powdered Tablets to a suitable volumetric flask
containing 50% of the final volume of 0.05 N hydrochloric acid. Agitate for 20 min. Add
methanol to volume, and filter or centrifuge.

Chromatographic system  

(See Chromatography 621 , Thin–Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  20 µL
Developing solvent system:  Acetone, chloroform, n-butanol, glacial acetic acid, and

water (27.9: 18.6: 18.6: 18.6: 16.3)
Spray reagent:  0.3 g of ninhydrin in 100 mL of n-butanol with 3 mL of glacial acetic acid

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Develop, using the Developing solvent system, until the solvent front has moved 15 cm.

Air-dry, spray uniformly with 0.5 mL of Spray reagent, and heat at 105  for 10 min.
Acceptance criteria:  The Sample solution exhibits two spots (reddish brown for levodopa

and yellow-orange for carbidopa) having RF values that correspond to those exhibited by
the Standard solutions.

Add the following:
•  B. The retention times of the major peaks of the Sample solution correspond to those of

the Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Diluent:  0.24 g/L of sodium 1-decanesulfonate in water
Mobile phase:  Mix 11.04 g of monobasic sodium phosphate and 950 mL of water in a

beaker. Add 1.3 mL of Diluent, and adjust with phosphoric acid to a pH of 2.8. Transfer to
a 1-L volumetric flask, dilute with water to volume, and pass through a membrane filter.
11.0 g/L of monobasic sodium phosphate in solution, prepared as follows. Transfer a
sufficient quantity of monobasic sodium phosphate into a container, and dissolve in water,
using 95% of the final volume. Add 0.13% of the final volume of Diluent, and adjust with
phosphoric acid to a pH of 2.8. Transfer to a suitable volumetric flask, and dilute with
water to volume. Pass through a membrane filter.

Standard solution:  0.5 mg/mL of USP Levodopa RS and a quantity of USP Carbidopa RS,
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which is in a ratio with USP Levodopa RS that corresponds to the ratio of carbidopa to
levodopa in the Tablets, in solution, prepared as follows. Transfer USP Levodopa RS and
USP Carbidopa RS to a suitable volumetric flask, and dissolve in 0.1 N phosphoric acid,
using 10% of the final volume. Warm gently to dissolve the standards, and dilute with
water to volume.

Sample solution:  Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 50 mg of levodopa, to a
100-mL volumetric flask, add 10 mL of 0.1 N phosphoric acid, dilute with water to volume,
and mix.
Nominally 0.5 mg/mL of levodopa from a suitable amount of powdered Tablets in solution,
prepared as follows. Transfer a portion of fine powder from NLT 20 Tablets to a suitable
volumetric flask. Add 10% of the final volume of 0.1 N phosphoric acid. Dilute with water
to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  2 mL/min adjusted, as needed, to obtain retention times for levodopa and

carbidopa of 4 min and 11 min, respectively
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 6 between levodopa and carbidopa
Relative standard deviation:  NMT 2.0% for levodopa; NMT 2.0% for carbidopa

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amounts of carbidopa (C10H14N2O4) and levodopa
(C9H11NO4) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)
CU= nominal concentration of carbidopa or levodopa in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0% of the labeled amount of carbidopa; 90.0%–110.0%

of the labeled amount of levodopa

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 750 mL
Apparatus 1:  50 rpm
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Time:  30 min
Diluent, Mobile phase, Chromatographic system, and System suitability:  Proceed as

directed in the Assay.
Standard solution:  USP Levodopa RS and USP Carbidopa RS in Medium at a concentration

corresponding to the Sample solution.
(L1/750) mg/mL of USP Levodopa RS and (L2/750) mg/mL of USP Carbidopa RS in Medium,
where L1 and L2 are the label claims of levodopa and carbidopa, respectively, in mg/Tablet

Sample solution:  A filtered portion of solution under test
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amounts of carbidopa (C10H14N2O4) and levodopa
(C9H11NO4) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)
V= volume of the Medium, 750 mL
L= label claim of carbidopa or levodopa (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amounts of carbidopa (C10H14N2O4) and levodopa
(C9H11NO4) are dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

•  USP Reference Standards 11
USP Carbidopa RS 
USP Levodopa RS 

BRIEFING

Carbidopa and Levodopa Extended-Release Tablets. The previous proposal of this new
monograph, which appeared as an In-Process Revision on page 1433 of PF 34(6) [Nov.–Dec.
2008], is canceled and now being re-proposed in the redesigned format with changes to
reflect approved products.

1. The Assay is based on analyses performed with the Aquasil C18 brand of L1 column. The
typical retention times for levodopa and carbidopa are about 2 min and 5 min,
respectively. A polyvinylidene fluoride filter was found suitable for the Assay.

2. The chromatographic procedure in Dissolution Test 1 and Dissolution Test 3 was
validated using the MicroBondapak C18 brand of L1 packing. The typical retention
times for levodopa and carbidopa are about 2.2 min and 3.4 min, respectively.

3. The chromatographic procedure in Dissolution Test 2 was validated using the
Phenomenex Prodigy C8 brand of L7 packing. The typical retention times for levodopa
and carbidopa are about 2.2 min and 3.0 min, respectively.
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4. The chromatographic procedure in Dissolution Test 4 was validated using the
MicroBondapak C18 brand of L1 packing. The typical retention times for levodopa and
carbidopa are about 3 min and 7.6 min, respectively.

5. The test for Organic Impurities is based on analyses performed with the YMC Pack
ODS-A brand of L1 column with a 30-nm pore size. Alternatively, the Hypersil BDS
C18 brand of L1 column may be suitable. The typical retention times for levodopa
and carbidopa are about 2.8 min and 6.6 min, respectively.

(SM4: H. Joyce, R. Ravichandran.)
Correspondence Number—C54645; C103569

Comment deadline: March 31, 2013

Add the following:
Carbidopa and Levodopa Extended-Release Tablets

DEFINITION

Carbidopa and Levodopa Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amounts of carbidopa (C10H14N2O4) and of levodopa (C9H11NO4).

IDENTIFICATION
•  A. The retention time of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

Protect the volumetric preparations from light.
Solution A:  0.24 g/L of sodium 1-decanesulfonate in water
Solution B:  11.6 g/L of monobasic sodium phosphate in water
Mobile phase:  Solution A, Solution B, and water (0.13: 95: 4.87), prepared as follows. Add

0.13% of the final volume of Solution A to 95% of the final volume of Solution B. Adjust
with phosphoric acid to a pH of 2.8. Dilute with water to final volume.

Standard solution:  0.1 mg/mL of USP Carbidopa RS and 0.4 mg/mL of USP Levodopa RS in
solution, prepared as follows. Transfer accurately weighed portions of the Reference
Standards into a suitable volumetric flask, and dissolve in 0.1 N phosphoric acid using 8%
of the final volume. Sonication may be used to promote dissolution. Dilute with water to
the final volume.

Sample solution:  Nominally 0.1 mg/mL of carbidopa and 0.4 mg/mL of levodopa from NLT
20 finely powdered Tablets, prepared as follows. Transfer an accurately weighed portion
of the powder, equivalent to 1 Tablet weight, into a suitable volumetric flask, and dissolve
in 0.1 N phosphoric acid, using 10% of the final volume. Sonicate for 10 min, and then stir
for 30 min. Dilute with water to volume, and stir for another 20 min. Pass the solution
through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
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Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times of levodopa and carbidopa are 1.0 and 2.8,

respectively.]
Suitability requirements 

Tailing factor:  NMT 1.5 for carbidopa; NMT 1.5 for levodopa
Resolution:  NLT 6 between levodopa and carbidopa
Relative standard deviation:  NMT 1.0% for carbidopa; NMT 1.0% for levodopa

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of carbidopa (C10H14N2O4) or levodopa
(C9H11NO4) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)
CU= nominal concentration of carbidopa or levodopa in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0% each of the labeled amounts of carbidopa and

levodopa

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  0.1 N hydrochloric acid, 900 mL degassed with helium
Apparatus 2:  50 rpm
Times 

For Tablets that contain 25 mg of carbidopa and 100 mg of levodopa:  0.5, 1, and
4 h

For Tablets that contain 50 mg of carbidopa and 200 mg of levodopa:  0.5, 1, 2.5,
and 4 h

Solution A:  0.24 g/L of sodium 1-decanesulfonate in water
Solution B:  12.7 g/L of monobasic sodium phosphate monohydrate in water
Mobile phase:  Solution A, Solution B, and water (0.13: 95: 4.87), prepared as follows.

Add 0.13% of the final volume of Solution A to 95% of the final volume of Solution B.
Adjust with phosphoric acid to a pH of 2.8. Dilute with water to final volume.

Standard solution:  0.03 mg/mL of USP Carbidopa RS and in 0.1 mg/mL of USP Levodopa
RS in Medium. Sonication may be used to aid in dissolution.

Sample solution 
For Tablets that contain 25 mg of carbidopa and 100 mg of levodopa:  Pass a

portion of the solution under test through a suitable filter of 0.45-µm pore size, and
discard the first 1–3 mL.
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For Tablets that contain 50 mg of carbidopa and 200 mg of levodopa:  Pass a
portion of the solution under test through a suitable filter of 0.45-µm pore size, discard
the first 1–3 mL, and dilute with Medium (50:50).

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times of levodopa and carbidopa are 0.4 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between levodopa and carbidopa
Relative standard deviation:  NMT 2.0% for carbidopa and NMT 2.0% for levodopa

for six replicate injections
Analysis 

Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of carbidopa (C10H14N2O4) or of levodopa (C9H11NO4)
in the sample withdrawn from the vessel at each time point (i):

Result = (rU/rS) × CS

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)

Calculate the percentage of the labeled amounts (Qi) of carbidopa (C10H14N2O4) or of
levodopa (C9H11NO4) dissolved at each time point i: 

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × ( V  VS)] + [C1 × VS]} × (1/L) × 100

Result3 = {[C3 × (V  (2 × VS))] + [(C2 + C1) × VS]} × (1/L) × 100

Result4 = {[C4 × ( V  (3 × VS))] + [(C3 + C2 + C1) × VS]} × (1/L) × 100

Ci= concentration of carbidopa or levodopa in the portion of sample withdrawn at time
point i (mg/mL)

V= volume of the Medium, 900 mL
L = label claim of carbidopa or levodopa (mg/tablet)
VS= volume of the Sample solution withdrawn from the Medium (mL)
Tolerances 

For Tablets that contain 25 mg of carbidopa and 100 mg of levodopa:  See Table 1.

Table 1
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Time Point
(i)

Time
(h)

Amount of Carbidopa
Dissolved

Amount of Levodopa
Dissolved

1 0.5 15%–40% 14%–39%
2 1 37%–62% 36%–61%
3 4 NLT 80% NLT 80%

For Tablets that contain 50 mg of carbidopa and 200 mg of levodopa:  See Table 2.

Table 2

Time Point
(i)

Time
(h)

Amount of Carbidopa
Dissolved

Amount of Levodopa
Dissolved

1 0.5 8%–33% 8%–33%
2 1 26%–51% 26%–51%
3 2.5 62%–87% 64%–89%
4 4 NLT 80% NLT 80%

The percentages of the labeled amounts of carbidopa (C10H14N2O4) and of levodopa

(C9H11NO4) dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 2:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 2.
Medium:  Simulated gastric fluid TS (prepared without enzymes), 900 mL
Apparatus 2:  50 rpm
Times:  0.5, 1, 2, and 3 h
Buffer:  6.8 g/L of monobasic potassium phosphate and 1.0 g/L of 1-hexanesulfonic acid

in water. Adjust with phosphoric acid to a pH of 3.3.
Mobile phase:  Filtered and degassed mixture of methanol and Buffer (20:80).
Standard solution:   (L/900) mg/mL of USP Carbidopa RS and (L/900) mg/mL of USP

Levodopa RS in Medium, where L is the label claim, in mg/Tablet
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times of levodopa and carbidopa are 1.0 and 1.4,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between levodopa and carbidopa
Column efficiency:  NLT 4000 theoretical plates for carbidopa; NLT 4000 theoretical

plates for levodopa
Tailing factor:  NMT 2.0 for carbidopa; NMT 2.0 for levodopa
Relative standard deviation:  NMT 1.0% for carbidopa; NMT 1.0% for levodopa
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of carbidopa (C10H14N2O4) or of levodopa (C9H11NO4)
in the sample withdrawn from the vessel at each time point (i):

Result = (rU/rS) × CS

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)

Calculate the percentage of the labeled amounts (Qi) of carbidopa (C10H14N2O4) or of
levodopa (C9H11NO4) dissolved at each time point i:

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × ( V  VS)] + [C1 × VS]} × (1/L) × 100

Result3 = {[C3 × ( V  (2 × VS))] + [(C2 + C1) × VS]} × (1/L) × 100

Result4 = {[C4 × (V  (3 × VS))] + [(C3 + C2 + C1) × VS]} × (1/L) × 100

Ci= concentration of carbidopa or levodopa in the portion of sample withdrawn at time
point i (mg/mL)

V= volume of the Medium, 900 mL
L = label claim of carbidopa or levodopa (mg/Tablet)
VS= volume of the Sample solution withdrawn from the Medium (mL)
Tolerances:  See Table 3.

Table 3

Time Point
(i)

Time
(h)

Amount
Dissolved

1 0.5 20%–35%
2 1 35%–60%
3 2 65%–95%
4 3 NLT 80%

The percentages of the labeled amounts of carbidopa (C10H14N2O4) and of levodopa

(C9H11NO4) dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 3:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 3.
Medium, Apparatus 2, Solution A, Solution B, Mobile phase, Standard solution,

Chromatographic system, and System suitability:  Proceed as directed in Test 1.
Times:  0.5, 1, 2.5, and 4 h
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Tolerances:  See Table 4.

Table 4
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Time
(h)

Time
Point

(i)

Amount dissolved for Tablets
that contain 25 mg of

carbidopa and 100 mg of
levodopa

Amount dissolved for Tablets
that contain 50 mg of

carbidopa and 200 mg of
levodopa

0.5 1 15%–40% 15%–35%
1 2 25%–65% 25%–65%

2.5 3 NLT 60% NLT 60%
4 4 NLT 80% NLT 80%

The percentages of the labeled amounts of carbidopa (C10H14N2O4) and of levodopa

(C9H11NO4) dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 4:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 4.
Medium:  0.1 N hydrochloric acid, 900 mL

Apparatus 2:  50 rpm
Times:  1, 3, and 6 h

Solution A:  0.24 g/L of sodium 1-decanesulfonate in water
Solution B:  11.6 g/L of monobasic sodium phosphate monohydrate in water
Mobile phase:  Solution A, Solution B, and water (0.13: 95: 4.87), prepared as follows.

Add 0.13% of the final volume of Solution A to 95% of the final volume of Solution B.
Adjust with phosphoric acid to a pH of 2.8. Dilute with water to final volume.

Standard solution:   (L/900) mg/mL of USP Carbidopa RS and (L/900) mg/mL of USP
Levodopa RS in Medium, where L is the label claim, in mg/Tablet

Sample solution:  Withdraw a 10.0-mL aliquot at each time point, and pass a portion of
the solution under test through a suitable filter. Replace the 10.0-mL aliquot withdrawn
for analysis with a 10.0-mL aliquot of Medium.

Chromatographic system  

(See Chromatography 621 , System Suitability)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1
Flow rate:  2 mL/min
Injection volume:  50 µL
Run time:  NLT 3 times the retention time of levodopa

System suitability 
Sample:  Standard solution

[Note—The relative retention times of levodopa and carbidopa are 1.0 and 2.5,
respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between levodopa and carbidopa
Tailing factor:  NMT 2.0 for carbidopa; NMT 2.0 for levodopa
Relative standard deviation:  NMT 2.0% for carbidopa; NMT 2.0% for levodopa

Analysis 
Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of carbidopa (C10H14N2O4) or of levodopa (C9H11NO4)
in the sample withdrawn from the vessel at each time point (i):
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Result = (rU/rS) × CS

rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
CS= concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution

(mg/mL)

Calculate the percentage of the labeled amounts (Qi) of carbidopa (C10H14N2O4) or of
levodopa (C9H11NO4) dissolved at each time point i:

Result1 = C1 × V × (1/L) × 100

Result2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100

Result3 = {(C3 × V) + (C2 + C1) × VS} × (1/L) × 100

Ci= concentration of carbidopa or levodopa in the portion of sample withdrawn at time
point i (mg/mL)

V= volume of the Medium, 900 mL
L = label claim of carbidopa or levodopa (mg/tablet)
VS= volume of the Sample solution withdrawn from the vessel and replaced with Medium,

10 mL
Tolerances:  See Table 5.

Table 5

Time
Point

(i)
Time

(h)

Amount dissolved for Tablets
that contain 25 mg of

carbidopa and 100 mg of
levodopa

Amount dissolved for Tablets
that contain 50 mg of

carbidopa and 200 mg of
levodopa

1 1 35%–70% 25%–60%
2 3 NLT 65% NLT 65%
3 6 NLT 80% NLT 80%

The percentages of the labeled amounts of carbidopa (C10H14N2O4) and of levodopa

(C9H11NO4) dissolved at the times specified conform to Acceptance Table 2 in 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities 

Protect all analytical solutions from light and maintain them at 2 –8  until they are injected
into the chromatograph.

Buffer:  6 g/L of anhydrous monobasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 2.2.

Mobile phase:  Alcohol and Buffer (5:95)
System suitability solution:  1 µg/mL of USP Levodopa Related Compound B RS and 125

µg/mL of USP Carbidopa RS in Mobile phase
Standard solution:  1.25 µg/mL of USP Carbidopa RS and 5 µg/mL of USP Levodopa RS in

Mobile phase
Sensitivity solution:  0.125 µg/mL of USP Carbidopa RS and 0.5 µg/mL of USP Levodopa RS
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in Mobile phase from the Standard solution
Sample:  Nominally 0.125 mg/mL of carbidopa and nominally 0.5 mg/mL of levodopa in

Mobile phase from NLT 10 finely powdered Tablets, prepared as follows. Transfer an
accurately weighed portion of the powder into a suitable volumetric flask, dissolve in
Mobile phase, and pass through a suitable filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Run time:  6 times the retention time of carbidopa

Autosampler temperature:  6
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution, Standard solution, and Sensitivity solution

[Note—For the relative retention times, see Table 6.]
Suitability requirements 

Resolution:  NLT 1.5 between carbidopa and levodopa related compound B, System
suitability solution

Relative standard deviation:  NMT 3.0% for carbidopa and NMT 3.0% for levodopa for
five replicate injections, Standard solution

Signal-to-noise ratio:  NLT 10 for carbidopa in the Sensitivity solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of dihydroxybenzaldehyde, dihydroxyphenylacetone, and any
unspecified carbidopa degradant based on the label claim of carbidopa in the portion of
Tablets taken:

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

rU= peak response of dihydroxybenzaldehyde, dihydroxyphenylacetone, or any unspecified
carbidopa degradant from the Sample solution

rS= peak response of carbidopa from the Standard solution
CS= concentration of USP Carbidopa RS in the Standard solution (mg/mL)
CU= nominal concentration of carbidopa in the Sample solution (mg/mL)
F= relative response factor (see Table 6)

Calculate the percentage of levodopa related compound A and any unspecified levodopa
degradant based on the label claim of levodopa in the portion of Tablets taken:

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

rU= peak response of levodopa related compound A or any unspecified levodopa degradant
from the Sample solution

rS= peak response of levodopa from the Standard solution
CS= concentration of USP Levodopa RS in the Standard solution (mg/mL)
CU= nominal concentration of levodopa in the Sample solution (mg/mL)
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F= relative response factor (see Table 6)
Acceptance criteria:  See Table 6. Disregard any peak less than 0.05% of the carbidopa

peak from the Sample solution.

Table 6

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Levodopa related compound Aa,b 0.9 0.70 0.1
Levodopa 1.0 — —
Methyldopac,d 1.9 — —

Levodopa related compound Ba 2.1 — —

Carbidopa 2.3 — —
Dihydroxybenzaldehyde e,c 5.7 5.9 0.2
Dihydroxyphenylacetonef,c 6.3 1.0 1
3-O-Methylcarbidopa g,d 6.9 — —

Any unspecified carbidopa degradant — 1.0 0.2
Any unspecified levodopa degradant — 1.0 0.1
Total degradants — — 4.0

a  Individual impurity based on label claim of levodopa. 
b  3-(3,4,6-Trihydroxyphenyl)alanine. 
c  Individual impurity based on label claim of carbidopa. 
d  This impurity is listed for information only. It is monitored in the drug substance. This

impurity is not to be reported and is not to be included in the Total degradants. 
e  3,4-Dihydroxybenzaldehyde. 
f  3,4-Dihydroxyphenylacetone. 
g  (S)-2-Hydrazinyl-3-(4-hydroxy-3-methoxyphenyl)-2-methylpropanoic acid. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at

controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Carbidopa RS 
USP Levodopa RS 
USP Levodopa Related Compound B RS  

3-Methoxy-l-tyrosine.     
C10H13NO4      211.21

BRIEFING

Cefazolin, USP 35 page 2533. As part of the USP monograph modernization effort, the following
revisions are being proposed:

1. The Organic Impurities section is added based on the procedure from the current USP

USP37
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1. The Organic Impurities section is added based on the procedure from the current USP
monograph for Cefazolin Sodium. The new liquid chromatographic procedure in the
test for Organic Impurities is based on analysis performed using the YMC-Pack Pro
C18 brand of L1 column. The typical retention time for cefazolin is about 36 min.

2. An infrared absorption test for Identification is added to strengthen the already existing
HPLC retention time agreement for the cefazolin peak.

3. The Assay is revised to eliminate the use of internal standard based on laboratory data,
and concentrations of Buffer A and Buffer B have been rounded to one decimal
place.

4. The criterion for column efficiency in the System suitability of the Assay is removed
because the remaining criteria are adequate to evaluate System suitability.

5. The column dimension in the Assay is revised to include the correct value for the
Waters µBondapak C18 column that was used for original validation of the procedure.

6. The calculation formula definition in the Assay is revised to reflect the potency of USP
Cefazolin RS on the package label.

7. In the Assay, added solution storage conditions for those solutions containing cefazolin
based on laboratory data.

(SM1: S. Shivaprasad, A. Wise.)
Correspondence Number—C107333; C103786

Comment deadline: March 31, 2013
Cefazolin

C14H14N8O4S3       454.51 

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[[(5-methyl-1,3,4-thiadiazol-2-
yl)thio]methyl]-8-oxo-7-[[1H-tetrazol-1-yl)acetyl]amino]-,(6R-trans);     
(6R,7R)-3-[[(5-Methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-7-[2-(1H-tetrazol-1-
yl)acetamido]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid     [25953-19-9].

DEFINITION

Cefazolin contains NLT 95.0% and NMT 103.0% of cefazolin (C14H14N8O4S3), calculated on the
anhydrous basis.

IDENTIFICATION

Add the following:

•  A. Infrared Absorption 197K  

Change to read:
•  

B.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

USP37

USP37
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ASSAY

Change to read:
•  Procedure 
Protect all solutions containing cefazolin from light.

Buffer A:  0.900
0.9

g/L of anhydrous dibasic sodium phosphate and 1.298
1.3

g/L of citric acid monohydrate in water
Buffer B:  5.68
5.7

g/L of anhydrous dibasic sodium phosphate and 3.63
3.6

g/L of monobasic potassium phosphate in water
Mobile phase:  Acetonitrile and Buffer A (10:90)
Internal standard solution:  Dissolve 750 mg of salicylic acid in 10 mL of methanol and dilute

with Buffer B to 100 mL.
Standard stock solution:  1 mg/mL of USP Cefazolin RS in Buffer B

Standard solution:  Mix 5.0 mL of Standard stock solution and 5.0 mL of Internal standard
solution. Dilute with Buffer B to 100 mL.
50 µg/mL of USP Cefazolin RS in Buffer B
Sample stock solution:  1 mg/mL of Cefazolin in Buffer B

Sample solution:  Mix 5.0 mL of Sample stock solution and 5.0 mL of Internal standard solution.
Dilute with Buffer B to 100.0 mL.
50 µg/mL of Cefazolin in Buffer B

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.0-mm
3.9 mm

× 30-cm; 10-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for salicylic acid and cefazolin are about 0.7 and 1.0,

respectively.]

Suitability requirements 
Resolution:  NLT 4.0 between the analyte and internal standard peaks
Column efficiency:  NLT 1500 theoretical plates

Relative standard deviation:  NMT 2.0%
Tailing factor:  NMT 1.5

USP37

USP37

USP37

USP37

USP37

USP37

USP37

USP37

USP37

USP37

USP37

USP37
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of cefazolin (C14H14N8O4S3) in the portion of Cefazolin taken:

Result = (RU/RS) × (CS/CU) × P × 100

Result = (rU/rS) × (CS/CU) × P × 100

RU = peak response ratio of cefazolin to the internal standard from the Sample solution
RS = peak response ratio of cefazolin to the internal standard from the Standard solution
rU    = peak response of cefazolin from the Sample solution

rS = peak response of cefazolin from the Standard solution
CS = concentration of USP Cefazolin RS, calculated on the anhydrous basis,

in the Standard solution (mg/mL) CU = concentration of Cefazolin in the Sample solution
(mg/mL) P = potency of cefazolin in USP Cefazolin RS (mg/mg)

Acceptance criteria:  95.0%–103.0% on the anhydrous basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:
•  Organic Impurities 

Protect all solutions containing cefazolin from light.
Solution A:  6.8 g/L of monobasic potassium phosphate in water
Solution B:  6.8 g/L of monobasic potassium phosphate adjusted with 10% sodium

hydroxide to a pH of 6.8 before final dilution with water
Solution C:  Acetonitrile and Solution A (1:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 98 2
7 98 2
15 85 15
30 80 20
35 80 20
45 50 50
50 50 50
55 98 2
65 98 2

Blank:  Use Solution B.
System suitability stock solution:  2 mg/mL of USP Cefazolin RS in 0.05 M sodium

hydroxide. Set the solution aside at room temperature for 5 min. [Note—The cefazolin
epimer is formed upon treatment of cefazolin with sodium hydroxide.]

System suitability solution:  System suitability stock solution and Solution B (1:24)

USP37

USP37

USP37

PF 39(1): Jan.-Feb. 2013 291



Standard solution:  25 µg/mL of USP Cefazolin RS in Solution B. Use this solution
immediately after preparation.

Sample solution:  2.5 mg/mL of Cefazolin in Solution B. Use this solution immediately after
preparation.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 and 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 8.0 between cefazolin and cefazolin epimer, 254 nm
Analysis 

Samples:  Blank, Standard solution, and Sample solution

Calculate the percentage of tetrazolylacetic acid and tetrazolylacetamide acetal in the
portion of Cefazolin taken:

Result = (rU(210)/rS(254)) × (CS/CU) × (1/F) × 100

rU(210)= peak response of tetrazolylacetic acid or tetrazolylacetamide acetal at 210 nm from
the Sample solution

rS(254)= peak response of cefazolin at 254 nm from the Standard solution
CS = concentration of USP Cefazolin RS in the Standard solution (mg/mL)
CU = concentration of the Cefazolin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)

Calculate the percentage of each impurity other than tetrazolylacetic acid and
tetrazolylacetamide acetal in the portion of Cefazolin taken:

Result = (rU(254)/rS(254)) × (CS/CU) × (1/F) × 100

rU(254)= peak response of each impurity other than tetrazolylacetic acid or
tetrazolylacetamide acetal at 254 nm from the Sample solution

rS(254)= peak response of cefazolin at 254 nm from the Standard solution
CS = concentration of USP Cefazolin RS in the Standard solution (mg/mL)
CU = concentration of the Cefazolin in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard peaks corresponding to those in the Blank.

Table 2

Name

Analytical
Wavelength

(nm)

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Tetrazolylacetic acida 210 0.07 0.40 1.0
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Tetrazolylacetamide acetalb 210 0.08 0.33 1.0

Cefazolin open-ring lactonec,d

or Cefazolin 3-
hydroxymethyle 254 0.20 1.0 0.5

Methylthiadiazole thiolf 254 0.23 0.91 1.0

7-Aminocephalosporanic acidg 254 0.42 1.1 1.0

Cefazolin 3-methyl analogh 254 0.44 0.87 1.0

Cefazolin lactonei 254 0.50 0.85 1.0

Cefazolin acetoxy analogj 254 0.61 0.68 1.0

Cefazolin deacylatedk 254 0.68 1.2 1.0

Cefazoloic acid isomersl 254 0.84 1.0 1.0
Cefazolin 254 1.0 — —

Cefazolin epimerm 254 1.2 0.98 1.0

Cefazolin pivaloyln 254 1.4 0.92 1.0
Any individual unspecified

impurity 254 — 1.0 0.1
Total impurities — — — 3.5
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a  2-(1H-Tetrazol-1-yl)acetic acid. 
b  N-(2,2-Dihydroxyethyl)-2-(1H-tetrazol-1-yl)acetamide. 
c  The identification of this impurity is tentative. The names of the most likely compounds

are listed in footnotes d and e. 
d  (R)-2-[2-(1H-Tetrazol-1-yl)acetamido]-2-[(R)-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d]

[1,3]thiazin-2-yl]acetic acid. 
e  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(hydroxymethyl)-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 
f  5-Methyl-1,3,4-thiadiazole-2-thiol (MMTD). 
g  (6R,7R)-3-(Acetoxymethyl)-7-amino-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-

carboxylic acid (7-ACA). 
h  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 
i  N-{(5aR,6R)-1,7-Dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}-

2-(1H-tetrazol-1-yl)acetamide. 
j  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(acetoxymethyl)-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 
k  (6R,7R)-7-Amino-3-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 
l  Three isomers of this impurity may not be fully resolved by this method. The limit applies

to the sum of the isomers, which are as follows: Cefazolin open-ring delta-3: (2R)-2-
{(R)-[2-(1H-Tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-
ylthio)methyl]-3,6-dihydro-2H-1,3-thiazine-4-carboxylic acid. Cefazolin open-ring delta-
2: (2R)-2-{(R)-[2-(1H-Tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-methyl-1,3,4-
thiadiazol-2-ylthio)methyl]-3,4-dihydro-2H-1,3-thiazine-4-carboxylic acid. Cefazolin
open-ring delta-4: (2R)-2-{(R)-[2-(1H-Tetrazol-1-yl)acetamido](carboxy)methyl}-5-[(5-
methyl-1,3,4-thiadiazol-2-ylthio)methyl]-5,6-dihydro-2H-1,3-thiazine-4-carboxylic acid. 

m  (6R,7S)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-[(5-methyl-1,3,4-thiadiazol-2-
ylthio)methyl]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 

n  (6R,7R)-3-((5-Methyl-1,3,4-thiadiazol-2-ylthio)methyl)-8-oxo-7-pivalamido-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Cefazolin RS 

BRIEFING

Cefazolin Sodium, USP 35 page 2533. As part of the USP monograph modernization effort, the
following revisions are proposed:

USP37
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1. The ultraviolet absorption test in the Identification section is replaced with an infrared
absorption test to be consistent with the Cefazolin Sodium monograph in European
Pharmacopoeia 7.7.

2. The Assay is updated to eliminate the use of the internal standard. The concentration
of components in Buffer A and Buffer B have been rounded to one decimal place in
the Assay.

3. In the Assay and Organic Impurities procedures, a storage condition for solutions
containing cefazolin is added on the basis of laboratory data.

4. The criterion for column efficiency in System suitability for the Assay is removed
because the remaining criteria are adequate to evaluate system suitability.

5. The column dimension in the Assay is revised to the correct value for the Waters
µBondapak C18 column that was used in the original validation of the procedure.

6. The calculation in the Assay is revised to reflect the potency of USP Cefazolin RS on
the package label.

(SM1: S. Shivaprasad, A. Wise.)
Correspondence Number—C115281; C103786

Comment deadline: March 31, 2013
Cefazolin Sodium

C14H13N8NaO4S3       476.49 

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[[(5-methyl-1,3,4-thiadiazol-2-
yl)thio]methyl]-8-oxo-7-[[(1H-tetrazol-1-yl)acetyl]amino]-, monosodium salt (6R-trans)-;     
Monosodium (6R,7R)-3-[[(5-methyl-1,3,4-thiadiazol-2-yl)thio]methyl]-8-oxo-7-[2-(1H-tetrazol-
1-yl)acetamido]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate;     [27164-46-1].

DEFINITION

Cefazolin Sodium has a potency equivalent to NLT 89.1% and NMT 110.1% of cefazolin sodium
(C14H13N8NaO4S3), calculated on the anhydrous basis.

IDENTIFICATION

Change to read:

•  A. Ultraviolet Absorption 197U

Infrared Absorption 197K
Sample solution:  20 µg/mL in 0.1 M sodium bicarbonate
Acceptance criteria:  Meets the requirements

Sample:  150 mg
Solution A:  Acetone and water (9:1)
Analysis:  Dissolve the Sample in 5 mL of water, add 0.5 mL of 2 N glacial acetic acid,

swirl, and allow to stand for 10 min in an ice bath. Filter the precipitate, and rinse with
1–2 mL of water. Dissolve in Solution A, evaporate the solvent almost to dryness, and

USP37
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dry in an oven at 60  for 30 min. Prepare a standard specimen with USP Cefazolin RS
treated similarly.

Acceptance criteria:  Meets the requirements
•  B. The retention time of the major peak for cefazolin in the Sample solution corresponds to

that of the Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Sodium 191 : Meets the requirements

ASSAY

Change to read:
•  Procedure 
Protect all solutions containing cefazolin from light.

Buffer A:  0.9 g/L of anhydrous dibasic sodium phosphate and 1.298 g/L
1.3 g/L

of citric acid monohydrate in water
Buffer B:  5.68 g/L
5.7 g/L

of anhydrous dibasic sodium phosphate and 3.63 g/L
3.6 g/L

of monobasic potassium phosphate in water
Mobile phase:  Acetonitrile and Buffer A (1:9). Pass through a membrane filter having a 10-µm

or finer pore size
Pass through a suitable filter.
Internal standard solution:  7.5 mg/mL of salicylic acid in methanol and Buffer B (1:9).

Dissolve first in methanol, using 10% of the final volume, and dilute with water to volume.
Standard stock solution:  1 mg/mL of USP Cefazolin RS in Buffer B.

Standard solution:  50 µg/mL of cefazolin from the Standard stock solution and 0.4 mg/mL of
salicylic acid from the Internal standard solution in Buffer B
50 µg/mL of USP Cefazolin RS in Buffer B.
Sample stock solution:  1 mg/mL of Cefazolin Sodium in Buffer B.

Sample solution:  50 µg/mL of cefazolin sodium from the Sample stock solution and 0.4 mg/mL
of salicylic acid from the Internal standard solution in Buffer B.
50 µg/mL of Cefazolin Sodium in Buffer B

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.0-mm
3.9-mm

× 30-cm; 10-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL
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System suitability 
Sample:  Standard solution
[Note—The relative retention times for salicylic acid and cefazolin are about 0.7 and 1.0,

respectively.]

Suitability requirements 
Resolution:  NLT 4.0 between the analyte and the internal standard peaks
Column efficiency:  NLT 1500 theoretical plates

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of cefazolin sodium (C14H13N8NaO4S3) in the portion of Cefazolin
Sodium taken:

Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × P × 100

RU = peak response ratio of cefazolin to the internal standard from the Sample solution
RS = peak response ratio of cefazolin to the internal standard from the Standard solution
rU    = peak response of cefazolin from the Sample solution

rS = peak response of cefazolin from the Standard solution
CS = concentration of USP Cefazolin RS calculated on the anhydrous basis,

in the Standard solution (mg/mL)
CU = concentration of Cefazolin Sodium in the Sample solution (mg/mL)
Mr1 = molecular weight of cefazolin sodium, 476.49
Mr2 = molecular weight of cefazolin, 454.51
P = potency of USP Cefazolin RS (mg/mg)

Acceptance criteria:  89.1%–110.1% on the anhydrous basis

IMPURITIES

Change to read:
•  Organic Impurities 
Protect all solutions containing cefazolin from light.

Buffer A
Solution A:

 6.8 g/L of monobasic potassium phosphate
Buffer B

Solution B:
 6.8 g/L of monobasic potassium phosphate adjusted with 10% sodium hydroxide to a pH of 6.8

before final dilution
Solution C:  Acetonitrile and Solution A (1:1)
Mobile phase:  See Table 1.
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Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 98 2
7 98 2
15 85 15
30 80 20
35 80 20
45 50 50
50 50 50
55 98 2
65 98 2

Blank:  Solution B
System suitability stock solution:  2 mg/mL of USP Cefazolin RS in 0.05 M sodium hydroxide.

Set the solution aside at room temperature for 5 min. [Note—The cefazolin epimer is formed
upon treatment of cefazolin with sodium hydroxide.]

System suitability solution:  System suitability stock solution and Buffer B
Solution B

(1:24).
Standard solution:  25 µg/mL of USP Cefazolin RS in Buffer B
Solution B. Use this solution promptly after preparation.

Sample solution:  2.5 mg/mL of Cefazolin Sodium in Buffer B
Solution B. Use this solution promptly after preparation.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 and 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 8.0 between cefazolin and cefazolin epimer, 254 nm
Analysis 

Samples:  Blank, Standard solution, and Sample solution

Calculate the percentage of tetrazolylacetic acid and tetrazolylacetamide acetal in the portion
of Cefazolin Sodium taken:

Result = (rU(210)/rS(254)) × (CS/CU) × (1/F) × 100

rU(210)= peak response of tetrazolylacetic acid or tetrazolylacetamide acetal at 210 nm from the
Sample solution

rS(254)= peak response of cefazolin at 254 nm from the Standard solution
CS = concentration of USP Cefazolin RS in the Standard solution (mg/mL)
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CU = concentration of Cefazolin Sodium in the Sample solution (mg/mL)
F = relative response factor (see Table 2)

Calculate the percentage of each impurity other than tetrazolylacetic acid and
tetrazolylacetamide acetal in the portion of Cefazolin Sodium taken:

Result = (rU(254)/rS(254)) × (CS/CU) × (1/F) × 100

rU(254)= peak response of each impurity other than tetrazolylacetic acid and tetrazolylacetamide
acetal at 254 nm from the Sample solution

rS(254)= peak response of cefazolin at 254 nm from the Standard solution
CS = concentration of USP Cefazolin RS in the Standard solution (mg/mL)
CU = concentration of Cefazolin Sodium in the Sample solution (mg/mL)
F = relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard peaks corresponding to those in the Blank.

Table 2

Name

Analytical
Wavelength

(nm)

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Tetrazolylacetic acida 210 0.07 0.40 1.0

Tetrazolylacetamide acetalb 210 0.08 0.33 1.0

Cefazolin open-ring lactonec,d or
Cefazolin 3-hydroxymethylc,e 254 0.20 1.0 0.5

Methylthiadiazole thiolf 254 0.23 0.91 1.0

7-Aminocephalosporanic acidg 254 0.42 1.1 1.0

Cefazolin 3-methyl analogh 254 0.44 0.87 1.0

Cefazolin lactonei 254 0.50 0.85 1.0

Cefazolin acetoxy analogj 254 0.61 0.68 1.0

Cefazolin deacylatedk 254 0.68 1.2 1.0

Cefazoloic acid isomersl 254 0.84 1.0 1.0
Cefazolin 254 1.0 — —

Cefazolin epimerm 254 1.2 0.98 1.0

Cefazolin pivaloyln 254 1.4 0.92 1.0
Any individual unspecified impurity 254 — 1.0 0.1
Total impurities — — — 3.5
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a  2-(1H-Tetrazol-1-yl)acetic acid.
b  N-(2,2-Dihydroxyethyl)-2-(1H-tetrazol-1-yl)acetamide.
c  The identification of this impurity is tentative. The names of the most likely compounds are

listed in footnotes d and e.
d  (R)-2-[2-(1H-Tetrazol-1-yl)acetamido]-2-[(R)-7-oxo-2,4,5,7-tetrahydro-1H-furo[3,4-d]

[1,3]thiazin-2-yl]acetic acid.
e  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(hydroxymethyl)-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f  5-Methyl-1,3,4-thiadiazole-2-thiol (MMTD).
g  (6R,7R)-3-(Acetoxymethyl)-7-amino-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-

carboxylic acid (7-ACA).
h  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-

2-ene-2-carboxylic acid.
i  N-{(5aR,6R)-1,7-Dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}-2-

(1H-tetrazol-1-yl)acetamide.
j  (6R,7R)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-(acetoxymethyl)-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
k  (6R,7R)-7-Amino-3-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
l  Three isomers of this impurity may not be fully resolved by this method. The limit applies to

the sum of the isomers, which are as follows:

Cefazolin open-ring delta-3: (2R)-2-{(R)-[2-(1H-Tetrazol-1-yl)acetamido]
(carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-3,6-dihydro-2H-1,3-
thiazine-4-carboxylic acid. 

Cefazolin open-ring delta-2: (2R)-2-{(R)-[2-(1H-Tetrazol-1-yl)acetamido]
(carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-3,4-dihydro-2H-1,3-
thiazine-4-carboxylic acid. 

Cefazolin open-ring delta-4: (2R)-2-{(R)-[2-(1H-Tetrazol-1-yl)acetamido]
(carboxy)methyl}-5-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-5,6-dihydro-2H-1,3-
thiazine-4-carboxylic acid.

m  (6R,7S)-7-[2-(1H-Tetrazol-1-yl)acetamido]-3-[(5-methyl-1,3,4-thiadiazol-2-ylthio)methyl]-
8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

n  (6R,7R)-3-((5-Methyl-1,3,4-thiadiazol-2-ylthio)methyl)-8-oxo-7-pivalamido-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  55 mg/mL, in 0.1 M sodium bicarbonate

Acceptance criteria:  10  to 24

•  pH 791
Sample solution:  100 mg/mL of cefazolin
Acceptance criteria:   4.0–6.0

•  Water Determination, Method I 921 : NMT 6.0%
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•  Sterility Tests 71 : Where the label states that Cefazolin Sodium is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.

•  Bacterial Endotoxins Test 85 : Where the label states that Cefazolin Sodium is sterile or
must be subjected to further processing during the preparation of injectable dosage forms,
it contains NMT 0.15 USP Endotoxin Unit/mg of cefazolin.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Cefazolin RS 
USP Endotoxin RS

BRIEFING

Ciprofloxacin and Dexamethasone Otic Suspension, USP 35 page 2671. On the basis of
comments received, the chemical names were added for two individual impurities in the test
for Dexamethasone Related Compounds to provide a more transparent public standard.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C106973

Comment deadline: March 31, 2013
Ciprofloxacin and Dexamethasone Otic Suspension

DEFINITION

Ciprofloxacin and Dexamethasone Otic Suspension is a sterile, aqueous suspension containing
ciprofloxacin hydrochloride and dexamethasone. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of ciprofloxacin (C17H18FN3O3) and NLT 90.0% and NMT 110.0% of the labeled
amount of dexamethasone (C22H29FO5).

IDENTIFICATION
•  A. The Sample solution, obtained as directed in the Assay for Ciprofloxacin, exhibits a major

peak for ciprofloxacin, the retention time of which corresponds to that of the Standard
solution, obtained as directed in the Assay for Ciprofloxacin.

•  B. The Sample solution, obtained as directed in the Assay for Dexamethasone, exhibits a
major peak for dexamethasone, the retention time of which corresponds to that of the
Standard solution, obtained as directed in the Assay for Dexamethasone.

ASSAY
•  Ciprofloxacin

Buffer:  Add 6.0 mL of phosphoric acid and 8 g of diethylamine phosphate to 2.0 L of water.
Adjust with 50% sodium hydroxide to a pH of 3.0.

Mobile phase:  Acetonitrile and Buffer (11:89)
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System suitability solution:  1.6 µg/mL each of USP Ciprofloxacin Hydrochloride RS and
USP Ciprofloxacin Ethylenediamine Analog RS in Mobile phase

Standard solution A:  1.48 mg/mL of USP Ciprofloxacin Hydrochloride RS in 0.1 N
hydrochloric acid. Dilute with Mobile phase to 0.13 mg/mL of ciprofloxacin.

Standard solution B:  0.0025 mg/mL of ciprofloxacin from Standard solution A in Mobile
phase

Sample solution:  Nominally 0.12 mg/mL in Mobile phase prepared as follows. Transfer the
equivalent to 3 mg of ciprofloxacin from freshly mixed Otic Suspension to a 25-mL
volumetric flask, and dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution, Standard solution A, and Standard solution B
Suitability requirements 

Resolution:  NLT 3.0 between ciprofloxacin and the ciprofloxacin ethylenediamine
analog, System suitability solution

Column efficiency:  NLT 2500 theoretical plates for ciprofloxacin, System suitability
solution

Tailing factor:  NMT 2.0 for ciprofloxacin, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution A and Standard solution B

Analysis 
Samples:  Standard solution A and Sample solution 

Calculate the percentage of the labeled amount of ciprofloxacin (C17H18FN3O3) in the
portion of Otic Suspension taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of ciprofloxacin from the Sample solution
rS= peak response of ciprofloxacin from Standard solution A
CS= concentration of USP Ciprofloxacin Hydrochloride RS in Standard solution A (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1= molecular weight of ciprofloxacin, 331.34
Mr2= molecular weight of anhydrous ciprofloxacin hydrochloride, 367.81

Acceptance criteria:  90.0%–110.0% of the labeled amount of ciprofloxacin (C17H18FN3O3)
•  Dexamethasone

Buffer and Mobile phase:  Prepare as directed in the test for Limit of Ciprofloxacin
Formamide.

Standard stock solution:  2 mg/mL of USP Dexamethasone RS in acetonitrile
System suitability solution:  0.2 mg/mL of USP Dexamethasone RS and 0.2 mg/mL of USP

Dexamethasone Acetate RS in Mobile phase
Standard solution A:  0.2 mg/mL of USP Dexamethasone RS from Standard stock solution in

Mobile phase
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Standard solution B:  0.004 mg/mL of USP Dexamethasone RS from Standard solution A in
Mobile phase

Sample solution:  Nominally 0.2 mg/mL in Mobile phase prepared as follows. Transfer
freshly mixed Otic Suspension equivalent to 2 mg of dexamethasone to a 10-mL volumetric
flask, and dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution, Standard solution A, and Standard solution B
Suitability requirements 

Resolution:  NLT 12 between dexamethasone and dexamethasone acetate, System
suitability solution

Column efficiency:  NLT 2000 theoretical plates for dexamethasone, System suitability
solution

Tailing factor:  NMT 2.0 for dexamethasone, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution A and Standard solution B

Analysis 
Samples:  Standard solution A and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the
portion of Otic Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of dexamethasone from the Sample solution
rS= peak response of dexamethasone from Standard solution A
CS= concentration of USP Dexamethasone RS in Standard solution A (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0% of the labeled amount of dexamethasone

(C22H29FO5)

IMPURITIES
•  Limit of Ciprofloxacin Formamide

Buffer:  Phosphoric acid and water (3:997). Adjust with 50% sodium hydroxide to a pH of
3.0.

Mobile phase:  Acetonitrile and Buffer (27:73)
Standard stock solution:  0.25 mg/mL of USP Ciprofloxacin Formamide RS in methanol
System suitability solution:  0.025 mg/mL of USP Dexamethasone RS and 0.025 mg/mL of

USP Ciprofloxacin Formamide RS prepared as follows. Transfer 2.5 mg of USP
Dexamethasone RS and 2.5 mg of USP Ciprofloxacin Formamide RS in a 100-mL volumetric
flask, and dissolve in 15 mL of methanol before diluting with Mobile phase to volume.

Standard solution:  0.015 mg/mL from Standard stock solution in Mobile phase
Sample solution:  Nominally 0.6 mg/mL in Mobile phase prepared as follows. Transfer an
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amount of freshly mixed Otic Suspension, equivalent to 6 mg, to a 10-mL volumetric flask,
and dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 8 between ciprofloxacin formamide and dexamethasone, System
suitability solution

Column efficiency:  NLT 2000 theoretical plates for ciprofloxacin formamide, Standard
solution

Tailing factor:  NMT 2.0 for ciprofloxacin formamide, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each related compound in the portion of Otic Suspension
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of ciprofloxacin formamide from the Sample solution
rS= peak response of ciprofloxacin formamide from the Standard solution
CS= concentration of USP Ciprofloxacin Formamide RS in the Standard solution (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.5% of the labeled amount of ciprofloxacin

•  Ciprofloxacin Related Compounds
Analysis:  From the chromatogram of the Sample solution, obtained as directed in the

Assay for Ciprofloxacin, measure the responses for the ciprofloxacin ethylenediamine
analog and the other minor peaks. Calculate the percentage of each related compound in
the portion of Otic Suspension taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (100/F)

rU= peak response of each related compound from the Sample solution
rS= peak response of ciprofloxacin from Standard solution B
CS= concentration of USP Ciprofloxacin Hydrochloride RS in Standard solution B, calculated

on the anhydrous basis (mg/mL)
CU= nominal concentration of ciprofloxacin in the Otic Suspension (mg/mL)
Mr1= molecular weight of ciprofloxacin, 331.34
Mr2= molecular weight of anhydrous ciprofloxacin hydrochloride, 367.81
F = relative response factor (1.3 for ciprofloxacin ethylenediamine analog and 1.0 assumed

for all other degradation products)
Acceptance criteria 
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Ciprofloxacin ethylenediamine analog:  NMT 0.4% of the labeled amount of
ciprofloxacin

Other single related compound:  NMT 0.2%
Sum of all related compounds:  NMT 0.8%

Change to read:
•  Dexamethasone Related Compounds

Analysis:  From the chromatogram of the Sample solution, obtained as directed in the
Assay for Dexamethasone, measure the responses for the 21-dehydro-17-deoxy related
compound, the 20-carboxy-17-desoxy related compound, and other minor peaks.
Calculate the percentage of each related compound in the portion of Otic Suspension
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= related compound peak responses from the Sample solution
rS= dexamethasone peak response from Standard solution B
CS= concentration of USP Dexamethasone RS in Standard solution B (mg/mL)
CU= nominal concentration of dexamethasone in the Otic Suspension (mg/mL)
Acceptance criteria 

21-Dehydro-17-deoxy related compound:  NMT 1.0%
20-Carboxy-17-desoxy related compound:  NMT 2.6%
Other single related compound:  NMT 0.3%
Sum of all related compounds:  NMT 3.5%
[Note—The relative retention times for the 21-dehydro-17-deoxy related compound and

the 20-carboxy-17-desoxy related compound are about 1.4–1.6 and about 2.8–3.2,
respectively.]

Analysis:  From the chromatogram of the Sample solution, obtained as directed in the
Assay for Dexamethasone, measure the responses for the dexamethasone glyoxal analog,
the 17-carboxy-17-deoxy analog, and other minor peaks. Calculate the percentage of
each related compound in the portion of Otic Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each related compound from the Sample solution
rS= peak response of dexamethasone from Standard solution B
CS= concentration of USP Dexamethasone RS in Standard solution B (mg/mL)
CU= nominal concentration of dexamethasone in the Otic Suspension (mg/mL)

Acceptance criteria 
Dexamethasone glyoxal analog:  NMT 1.0%
17-Carboxy-17-deoxy analog:  NMT 2.6%
Other single related compound:  NMT 0.3%
Sum of all related compounds:  NMT 3.5%
[Note—The relative retention times for the dexamethasone glyoxal analog (9-Fluoro-11

-hydroxy-16 -methylandrosta-1,4-diene-3-one-17-ylglyoxal) and the 17-carboxy-

17-deoxy analog (9-fluoro-11 -hydroxy-16 -methylandrosta-1,4-diene-3-one-17 -
carboxylic acid) are about 1.4–1.6 and about 2.8–3.2, respectively.]

USP37
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SPECIFIC TESTS

•  pH 791 : 3.8–4.8

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

•  Particle Size

Carrier fluid:  Heat Purified Water to a temperature of 40 –50 , add 100 mg/L of
dexamethasone while stirring, cool to room temperature while stirring, pass through a 0.2-
µm filter, and store in a clean, covered container.

Sample solution:  Dilute a volume of 10 µL of Otic Suspension with Carrier fluid to 25 mL.
Analysis  

(See Particulate Matter in Injections 788 , Light Obscuration Particle Count Test.) 
Analyze the Sample solution using an electronic, liquid-borne particle counting system
that employs a light obscuration sensor with a suitable sample feeding device.

Acceptance criteria:  NLT 99.5% of the particles are  25 µm, NLT 99.95% are  50 µm,

and NLT 99.995% are  100 µm.

•  Osmolality 785 : 270–330 mOsmol/kg

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light. Avoid freezing.

•  USP Reference Standards 11
USP Ciprofloxacin Ethylenediamine Analog RS  

1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3-
quinolinecarboxylic acid hydrochloride.     
C15H16FN3O3·HCl      341.77

USP Ciprofloxacin Formamide RS 
1-Cyclopropyl-6-fluoro-7-(4-formyl-1-piperazinyl)-1,4-dihydro-4-oxo-3-quinolone-
carboxylic acid.     
C18H18FN3O4      359.35

USP Ciprofloxacin Hydrochloride RS 
USP Dexamethasone RS
USP Dexamethasone Acetate RS 

BRIEFING

Deferoxamine Mesylate, USP 36 page 3149. Comments were received that this drug
substance may contain different isomeric des-methylene impurities, in addition to currently
specified desferrioxamine A1. To address the comment, it is proposed to revise Table 2 in
Organic Impurities as follows:

1. Revise the footnote (a) to state “Des-methylene impurity (desferrioxamine A1 and/or
other desferrioxamines)”.

2. Replace the relative retention time value of 0.85 with a range (0.85–0.87).
3. Indicate that all des-methylene impurities eluting in this range should be integrated

together to determine compliance.

In addition, it is proposed to tighten the system suitability requirement for the relative standard
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deviation in the Assay from NMT 2.0% to NMT 0.73%, to be consistent with repeatability

requirements in Chromatography 621 , and to change the storage requirement to “Store
at room temperature” to be consistent with the change becoming official in European
Pharmacopoeia 7.8.

(SM3: E. Gonikberg.)
Correspondence Number—C125074

Comment deadline: March 31, 2013
Deferoxamine Mesylate

C25H48N6O8·CH4O3S       656.79 

Butanediamide, N¢-[5-[[4-[[5-(acetylhydroxyamino)pentyl]amino]-1,4-
dioxobutyl]hydroxyamino]pentyl]-N-(5-aminopentyl)-N-hydroxy-, monomethanesulfonate;     
N-[5-[3-[(5-Aminopentyl)hydroxycarbamoyl]propionamido]pentyl]-3-[[5-(N-
hydroxyacetamido)pentyl]carbamoyl]propionohydroxamic acid monomethanesulfonate (salt)    
[138-14-7].

DEFINITION

Deferoxamine Mesylate contains NLT 93.0% and NMT 102.0% of C25H48N6O8·CH4O3S,
calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Solution A:  1.32 g/L of dibasic ammonium phosphate in water. Adjust with phosphoric acid
to a pH of 3.0.

Solution B:  Acetonitrile and Solution A (1:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 88 12
20 80 20
35 57.5 42.5

35.1 88 12
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40 88 12
Diluent:  Acetonitrile and water (6:94)
Standard solution:  1.0 mg/mL of USP Deferoxamine Mesylate RS in Diluent
Sample solution:  1.0 mg/mL of Deferoxamine Mesylate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L1
Temperatures 

Column:  32

Autosampler:  5
Flow rate:  1.5 mL/min
Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of deferoxamine mesylate (C25H48N6O8·CH4O3S) in the portion
of Deferoxamine Mesylate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of deferoxamine from the Sample solution
rS= peak response of deferoxamine from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  93.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%, 2.0 g being used

•  Chloride and Sulfate, Chloride 221 : NMT 0.012%; a 1.2-g portion shows no more
chloride than corresponds to 0.20 mL of 0.020 N hydrochloric acid.

•  Chloride and Sulfate, Sulfate 221 : NMT 0.04%; a 0.5-g portion shows no more sulfate
than corresponds to 0.20 mL of 0.020 N sulfuric acid.

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

Solution A, Solution B, Diluent, Mobile phase, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.

USP37
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Standard stock solution:  Use the Standard solution, prepared as directed in the Assay.
[Note—USP Deferoxamine Mesylate RS contains impurity A as a minor component.]

Standard solution:  0.01 mg/mL of USP Deferoxamine Mesylate RS in Diluent from the
Standard stock solution

System suitability 
Samples:  Standard stock solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between the impurity A and deferoxamine peaks, Standard stock
solution

Relative standard deviation:  NMT 5.0% for the deferoxamine peak, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Deferoxamine Mesylate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of deferoxamine from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  See Table 2.
[Note—The reporting level for impurities is 0.04%.]

Table 2

Name

Relative
Retention

Time

Acceptance
1.19Criteria,

NMT (%)

Impurity A*

a , b
0.85

0.85–0.87
3.0

c

Deferoxamine 1.0 —
Any unspecified impurity — 1.0
Total impurities eluting before deferoxamine — 5.0
Total impurities eluting after deferoxamine — 2.0

*
a

  Des-methylene impurity (desferrioxamine A1
and/or other desferrioxamines).

b  All des-methylene impurities that elute in the 0.85–0.87 range should be treated as a
single impurity. Where the cluster of unresolved peaks in this range is present, it should
be integrated together as one peak to determine compliance. 

c  The acceptance criterion of NMT 3.0% applies to the sum of the peaks in the specified
range. 

SPECIFIC TESTS

•  pH 791 : 4.0–6.0, in a solution (1 in 100)

•  Water Determination, Method I 921 : NMT 2.0%

USP37 USP37 USP37

USP37
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•  Sterility Tests 71 : Where the label states that Deferoxamine Mesylate is sterile, it meets
the requirements.

•  Bacterial Endotoxins Test 85 : Where the label states that Deferoxamine Mesylate is
sterile or must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 0.33 USP Endotoxin Unit/mg of deferoxamine mesylate.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers. Store in a cold place
at room temperature.

•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Deferoxamine Mesylate RS 
USP Endotoxin RS

BRIEFING

Escitalopram Oral Solution. Because there is no existing monograph for this drug product, a
new monograph based upon the Authorized Pending Monograph is being proposed. The
sponsor of the Draft 1 Pending Monograph (posted August 26, 2011) and the Authorized
Pending Monograph (authorized May 1, 2012) has received FDA approval with specifications
that differ from the Authorized Pending Monograph. USP's process does not allow for these
different specifications as part of the conversion of the Authorized Pending Monograph to
official text without public comment. Hence, the Authorized Pending Monograph with
appropriate changes is presented here for public comments.

1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Hypersil BDS-C18 brand of L1 column. The typical retention time for escitalopram
is about 5.6 min.

2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Atlantis d C18 brand of L1 column. The typical retention
time for escitalopram is about 18.5 min. Several impurities have been added to Table
3 that were not included in the Authorized Pending Monograph. The significant
figures included in the Acceptance criteria for Total impurities have been revised for
consistency with the International Committee on Harmonization guidelines.

3. The liquid chromatographic procedure, Limit of Citalopram Related Compound B, was
not included in the Authorized Pending Monograph. This procedure is based on
analyses performed with the ACE C18 brand of L1 column. The typical retention time
for escitalopram is about 8.6 min.

(SM4: H. Joyce.)
Correspondence Number—C117330

Comment deadline: March 31, 2013

Add the following:
Escitalopram Oral Solution

USP37
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DEFINITION

Escitalopram Oral Solution contains an amount of escitalopram oxalate equivalent to NLT 90.0%
and NMT 110.0% of the labeled amount of escitalopram (C20H21FN2O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  6.1 g/L of monobasic potassium phosphate. To each L of this solution add 1.5 mL of
triethylamine. Adjust with phosphoric acid to a pH of 2.5.

Mobile phase:  Acetonitrile and Buffer (32:68)
Diluent:  Acetonitrile and Buffer (25:75)
Standard solution:  33 µg/mL of USP Escitalopram Oxalate RS in Diluent
Sample solution:  Nominally, 25 µg/mL of escitalopram from a suitable volume of Oral

Solution, prepared as follows. Fill 50% of the flask volume with Diluent, and sonicate for
10 min with intermittent shaking. Allow the solution to cool, and dilute with Diluent to
volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL
Run time:  2.1 times the retention time of escitalopram

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of escitalopram (C20H21FN2O) in the
portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of escitalopram from the Sample solution
rS= peak response of escitalopram from the Standard solution
CS= concentration of USP Escitalopram Oxalate RS in the Standard solution (µg/mL)
CU= nominal concentration of escitalopram in the Sample solution (µg/mL)
Mr1= molecular weight of escitalopram free base, 324.39
Mr2= molecular weight of escitalopram oxalate, 414.43
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Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Deliverable Volume 698 : Meets the requirement

IMPURITIES
•  Limit of Citalopram Related Compound B

Diluted phosphoric acid:  Dilute 5 mL of phosphoric acid with water to 50 mL.
Solution A:  6.8 g/L of monobasic potassium phosphate adjusted with Diluted phosphoric

acid to a pH of 3.0.
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
13 60 40
15 60 40
16 90 10
20 90 10

Diluent:  Acetonitrile and Solution A (30:70)
Standard solution:  0.6 µg/mL of USP Escitalopram Oxalate RS in Diluent
System suitability solution:  0.6 µg/mL of USP Citalopram Related Compound B RS in

Standard solution
Sample solution:  Nominally, 0.25 mg/mL of escitalopram from a suitable volume of Oral

Solution in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 237 nm
Column:  2.1-mm × 7.5-cm; 3-µm packing L1

Column temperature:  45
Flow rate:  0.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The relative retention times for citalopram related compound B and escitalopram are
about 0.81 and 1.0, respectively. Use the System suitability solution to identify the
citalopram related compound B peak.]
Suitability requirements 

Resolution:  NLT 2.0 between citalopram related compound B and escitalopram, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of citalopram related compound B in the portion of Oral Solution
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of citalopram related compound B from the Sample solution
rS= peak response of escitalopram from the Standard solution
CS= concentration of USP Escitalopram Oxalate RS in the Standard solution (mg/mL)
CU= nominal concentration of escitalopram in the Sample solution (mg/mL)
Mr1= molecular weight of escitalopram free base, 324.39
Mr2= molecular weight of escitalopram oxalate, 414.43
Acceptance criteria:  NMT 0.2%

•  Organic Impurities
Solution A:  6.6 g/L of dibasic ammonium phosphate in water. To each L of this solution add

2 mL of triethylamine. Adjust with phosphoric acid to a pH of 3.0.
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 70 30
20 60 40
35 60 40
36 80 20
45 80 20

Diluent:  Acetonitrile and Solution A (30:70)
Standard stock solution:  0.33 mg/mL of USP Escitalopram Oxalate RS in Diluent
System suitability solution:  1.0 µg/mL of USP Citalopram Related Compound C RS in

Standard stock solution
Standard solution:  3.3 µg/mL of USP Escitalopram Oxalate RS in Diluent from the Standard

stock solution
Sample solution:  Nominally, 0.25 mg/mL of escitalopram from a suitable volume of Oral

Solution in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for escitalopram, System suitability solution
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Resolution:  NLT 2.0 between citalopram related compound C and escitalopram, System
suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of escitalopram from the Standard solution
CS= concentration of USP Escitalopram Oxalate RS in the Standard solution (mg/mL)
CU= nominal concentration of escitalopram in the Sample solution (mg/mL)
Mr1= molecular weight of escitalopram free base, 324.39
Mr2= molecular weight of escitalopram oxalate, 414.43
F = relative response factor for each individual impurity (see Table 3)
Acceptance criteria:  See Table 3.
[Note—Disregard any peaks less than 0.05%.]

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Oxalic acida 0.06 — —

5-Dimethylaminobutyryl citalopramb,c 0.42 — —

Citalopram related compound Ad 0.48 1.0 0.2

Citalopram related compound Be 0.75 — —

Desfluorocitalopramf 0.90 — —

Citalopram related compound Cg 0.92 2.56 0.3

Citalopram related compound Dh,c 0.99 — —

Escitalopram 1.0 — —

Citalopram related compound Ei 1.09 1.0 0.2
Citalopram chloromethyl quartenary ammonium

saltj,c 1.1
— —

Citalopram alkene dimerk,c 1.6 — —

Citalopram related compound Hl,c 1.7 — —

Any individual unspecified degradation product — 1.0 0.2

Total impuritiesm — — 0.7
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a  Not included in total impurities. For identification purposes only. 
b  1-(3-Dimethylaminopropyl)-1-(4¢-fluorophenyl)-5-(4-dimethylaminobutyryl)-1,3-

dihydroisobenzofuran. 
c  Process impurity listed for information only. Do not include in total impurities. 
d  1-(3-(Dimethylamino)propyl)-1-(4¢-fluorophenyl)-1,3-dihydroisobenzofuran-5-

carboxamide. 
e  This impurity is monitored and controlled using the test for Limit of Citalopram Related

Compound B. It is listed here for identification purposes only. 
f  1-[3-(Dimethylamino)propyl]-1-phenyl-1,3-dihydroisobenzofuran-5-carbonitrile. 
g  3-[3-(Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone. 
h  1-(4¢-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile. 
i  1-(3-Dimethylaminopropyl)-1-(4-fluororphenyl)-1,3-dihydroisobenzofuran-5-

carbonitrile-N-oxide. 
j  N-Chloromethyl-3-[5-cyano-1-(4-flurorphenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-

dimethylpropan-1-ammonium chloride. 
k  3-[5-Cyano-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N-{5-cyano-2-[4-

(dimethylamino)-1-(4-fluorophenyl)but-1-enyl]benzyl}-N,N-dimethylpropan-1-ammonium
chloride. 

l  3-[5-Bromo-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-dimethylpropan-1-
amine. 

m  Sum of all impurities from Organic Impurities and Limit of Citalopram Related Compound
B. 

SPECIFIC TESTS

•  pH 791 : 4.0–5.0

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirement of the test for absence of
Escherichia coli.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in light-resistant containers. Store at controlled room

temperature.

•  USP Reference Standards 11
USP Citalopram Related Compound B RS  

1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5-
carbonitrile oxalate.     
C20H21FN2O2      340.39

USP Citalopram Related Compound C RS  
3-[3-(Dimethylamino)-1-propyl](4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone
oxalate.     
C22H21FN2O6      428.41

USP Escitalopram Oxalate RS 
USP37
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BRIEFING

Famotidine, USP 36 page 3528. On the basis of comments received, it is proposed to revise
the relative response factor for the famotidine amidine impurity in the Table 2 from 1.0 to
0.53, to make it consistent with the current European Pharmacopoeia monograph for
Famotidine. To address the comments regarding poor solubility of USP Famotidine Related
Compound F RS in Solution A, a note is added to explain that it may be first dissolved in a
minimal amount of 0.1 N sodium hydroxide.

In addition, Identification test A, based on infrared absorption, is revised to allow more flexibility
to the users.

(SM3: E. Gonikberg.)
Correspondence Number—C121814

Comment deadline: March 31, 2013
Famotidine

C8H15N7O2S3       337.45 

Propanimidamide, N'-(aminosulfonyl)-3-[[[2-[(diaminomethylene)amino]-4-
thiazolyl]methyl]thio]-;     
[1-Amino-3-[[[2-[(diaminomethylene)amino]-4-thiazolyl]methyl]thio]propylidene]sulfamide;     
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N¢-sulfamoylpropanimidamide    
[76824-35-6].

DEFINITION

Famotidine contains NLT 98.5% and NMT 101.0% of famotidine (C8H15N7O2S3), calculated on
the dried basis.

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197K

197

[Note—Methods described in Infrared Absorption 197K , 197M , or 197A  may be used.]

ASSAY
•  Procedure

Sample:  Dissolve 250 mg of Famotidine in 80 mL of glacial acetic acid.

Analysis:  Titrate with 0.1 N perchloric acid VS (see Titrimetry 541 ), using a suitable
anhydrous electrode system. Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 16.87 mg of C8H15N7O2S3.

Acceptance criteria:  98.5%–101.0% on the dried basis

USP37
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IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

Buffer:  1.882 g/L of sodium 1-hexanesulfonate in water, adjusted with acetic acid to a pH
of 3.5

Solution A:  Acetonitrile, methanol, and Buffer (94:6:900)
Solution B:  Acetonitrile
Mobile phase:  See Table 1. [Note—If necessary, adjust the Mobile phase to achieve a

retention time of 19–23 min for the famotidine peak and a maximum of 48 min for the
famotidine related compound E peak.]

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Flow Rate
(mL/min)

0 100 0 1
23 96 4 1
27 96 4 2
47 78 22 2
48 100 0 2
54 100 0 1

Standard stock solution:  0.5 mg/mL of USP Famotidine RS in Solution A
Standard solution:  0.5 µg/mL of USP Famotidine RS in Solution A
System suitability stock solution:  0.25 mg/mL of USP Famotidine Related Compound D

RS in methanol
System suitability solution:  Transfer 1 mL of the System suitability stock solution and

0.5 mL of the Standard stock solution into a 100-mL volumetric flask, and dilute with
Solution A to volume.

Sample solution:  0.5 mg/mL of Famotidine in Solution A
Identification solution:  0.5 mg/mL of USP Famotidine RS and 1.5 µg/mL of each of USP

Famotidine Related Compound B RS, USP Famotidine Related Compound C RS, USP
Famotidine Related Compound D RS, USP Famotidine Related Compound E RS, and USP
Famotidine Related Compound F RS in Solution A
[

Note—To address the poor solubility of USP Famotidine Related Compound F RS in Solution
A, it may be first dissolved in a minimal amount of 0.1 N sodium hydroxide.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  See Table 1.
Injection volume:  20 µL

System suitability 

(ERR 1-Jul-2012)
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Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 3.5 between famotidine and famotidine related compound D
Analysis 

Samples:  Standard solution, Sample solution, and Identification solution 
Chromatograph the Identification solution, and identify the components on the basis of their
relative retention times, given in Table 2. 
Calculate the percentage of each impurity in the portion of Famotidine taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of famotidine from the Standard solution
CS= concentration of USP Famotidine RS in the Standard solution (mg/mL)
CU= concentration of Famotidine in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Famotidine 1.0 — —

Famotidine related compound Da 1.1 1.0 0.3

Famotidine related compound Cb 1.2 0.53 0.3

Famotidine cyanoamidinec 1.4 0.71 0.2

Famotidine related compound Fd 1.5 0.59 0.1

Famotidine amidinee 1.6
1.0

0.53 0.2

Famotidine related compound Bf 2.0 0.40 0.3

Famotidine related compound Eg 2.1 1.0 0.3
Any other individual impurity — 1.0 0.1
Total impurities — — 1.0

a  Famotidine propanamide.
b  Famotidine sulfamoyl propanamide.
c  N-Cyano-3-[[2-(diaminomethyleneamino)thiazol-4-yl]methylthio]propanimidamide.
d  Famotidine propionic acid.
e  3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanimidamide.
f  Famotidine dimer.
g  Famotidine disulfide.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample at a pressure not exceeding 5 mm of mercury at 80  for 5 h.
Acceptance criteria:  NMT 0.5%
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light. Store at

room temperature.

•  USP Reference Standards 11
USP Famotidine RS 
USP Famotidine Related Compound B RS 

3,5-Bis[2-[[2-[(diaminomethylene)amino]thiazol-4-yl]methylthio]ethyl]-4H-1,2,4,6-
thiatriazine 1,1-dioxide.     
C16H23N11O2S5      561.73

USP Famotidine Related Compound C RS 
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]-N-sulfamoylpropanamide
hydrochloride.     
C8H15ClN6O3S3      374.88

USP Famotidine Related Compound D RS 
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanamide.     
C8H13N5OS2      259.35

USP Famotidine Related Compound E RS 
2,2¢-[4,4¢-Disulfanediylbis(methylene)bis(thiazole-4,2-diyl)]diguanidine.     
C10H14N8S4      374.53

USP Famotidine Related Compound F RS 
3-[[2-(Diaminomethyleneamino)thiazol-4-yl]methylthio]propanoic acid.     
C8H12N4O2S2      260.34

BRIEFING

Formoterol Fumarate, USP 35 page 3278. On the basis of comments received, it is proposed
to revise the monograph as follows:

1. Revise the Assay to include a formula to calculate the percentage of formoterol
fumarate.

2. Revise the relative response factors in the test for Organic Impurities to be consistent
with the correction factors in European Pharmacopeia 7.5. The relative response
factors proposed in this revision are the inverse of the correction factors in European
Pharmacopeia 7.5 to be consistent with USP style. Delete the requirement for “Total
unspecified impurities” to be consistent with ICH guidelines. Delete the formula for
calculation of peak-to-valley ratio in the System suitability section as this is a part

of Chromatography 621 . Also, revise the limit for any individual unspecified
impurity from 0.1% to 0.10% to be consistent with ICH guidelines.

3. Add a second identification procedure with a retention time match based on the test for
Organic Impurities to strengthen the monograph.

4. Revise the title of Limit of Related Compound I (Diastereomer), Procedure 1 to Limit of
Formoterol Related Compound I. The first test is deleted because it requires the use
of the hazardous reagent N-(trimethylsilyl)imidazole, which is a known carcinogen.
Deletion of the gas chromatographic procedure will not have any negative effect on
the monograph and makes the monograph consistent with European Pharmacopeia
7.5. The remaining procedure, Limit of Formoterol Related Compound I, is consistent
with the intended purpose of the test and includes relative retention times for
formoterol and formoterol related compound I to assist in peak identification. The
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formula for the calculation of peak-to-valley ratio in the System suitability section is

also deleted as this is a part of Chromatography 621 .
5. Delete the Labeling requirement, because the test for Limit of Related Compound I by

GC has been deleted.
6. Edit the monograph to be consistent with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C120917

Comment deadline: March 31, 2013
Formoterol Fumarate

(C19H24N2O4)2 · C4H4O4·2H2O       840.91 

(±)-2¢-Hydroxy-5¢-[(R*)-1-hydroxy-2-[[(R*)-p-methoxy- -
methylphenethyl]amino]ethyl]formanilide fumarate (2:1) (salt), dihydrate     [43229-80-7].

DEFINITION

Formoterol Fumarate contains NLT 98.5% and NMT 101.5% of formoterol
fumarate(C19H24N2O4)2·C4H4O4, calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak in Sample solution corresponds to the major peak

in System suitability solution, as obtained in the test for Organic Impurities. 

ASSAY

Change to read:
•  Procedure

Sample:  350 mg
Analysis:  Dilute the Sample with 50 mL of glacial acetic acid. Titrate with 0.1 M perchloric

acid VS. Perform a blank determination, and make any necessary correction (see

Titrimetry 541 ). Each mL of 0.1 M perchloric acid is equivalent to 40.24 mg of
(C19H24N2O4)2·C4H4O4.
Sample solution:  350 mg of Formoterol Fumarate in 50 mL of glacial acetic acid
Blank:  50 mL of glacial acetic acid
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis 
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Samples:  Sample solution and Blank

Calculate the percentage of formoterol fumarate [(C19H24N2O4)2·C4H4O4)] in the
portion of the sample taken.

Result = {(V  B) × N × F × (1/W)} × 100

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

Acceptance criteria:  98.5%–101.5% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%, using 1 g

•  Heavy Metals, Method II 231 : 20 ppm

Change to read:
•  Organic Impurities

Solution A:  3.73 g/L
3.7 g/L

of sodium dihydrogen phosphate monohydrate and 0.35 g/L of phosphoric acid in water.
[Note—The pH is 3.1 ± 0.1.]

Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 84 16
10 84 16
37 30 70
40 84 16
55 84 16

Buffer:  6.10 g/L Sodium dihydrogen phosphate monohydrate and 1.03 g/L of disodium
hydrogen phosphate dihydrate in water
6.1 g/L of sodium dihydrogen phosphate monohydrate and 1.0 g/L of disodium hydrogen
phosphate dihydrate in water.

[Note—The pH is 6.0 ± 0.1.]
Diluent:  Acetonitrile and Buffer (16:84)
System suitability solution:  0.2 mg/mL of USP Formoterol Fumarate System Suitability

Mixture RS in Diluent. Sonicate to dissolve prior to final dilution.
Sample solution:  0.20 mg/mL of Formoterol Fumarate in Diluent. Sonicate to dissolve

before final dilution.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 15-cm; packing L7
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for the peaks are given in Table 2.]
Suitability requirements 

Resolution:  NLT 1.5 between formoterol related compound G and formoterol related
compound A

Peak-to-valley ratio:  NLT 2.5 for formoterol related compound C and formoterol

Calculate the peak-to-valley ratio:

Result = (HP/HV)

HP= height of formoterol related compound C peak above baseline
HV= lowest point between the formoterol related compound C peak and the formoterol

peak

Analysis 
Sample:  Sample solution 

Calculate the percentage of each impurity in the portion of Formoterol Fumarate taken:

Result = (rU/rT) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of the responses of all peaks from the Sample solution
F= relative response factor for each peak (see Table 2)

Acceptance criteria:  See Table 2. Disregard any peak less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Formoterol related compound G 0.4
0.37

1.0 0.1
Formoterol related compound A 0.5 0.57 0.3
Formoterol related compound B 0.7 1.0 0.2
Formoterol 1.0 — —
Formoterol related compound C

1.2
0.90

1.0 0.2
Formoterol related compound D

1.3
0.89

1.0 0.2
Formoterol related compound E

1.8
1.49

1.0 0.1
Formoterol related compound F 2.0 1.00 0.2
Formoterol related compound H

2.2
0.80

1.0 0.1
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Any individual unspecified impurity — 1.00
0.1

0.10
Total of unspecified impurities — — 0.2

Total — — 0.5

Change to read:
•   Limit of Related Compound I (Diastereomer), Procedure 1

Limit of Formoterol Related Compound I
Standard solution:  Dissolve 10 mg of USP Formoterol Fumarate Resolution Mixture RS in 1

mL of dimethylformamide, and add 100 µL of N-(trimethylsilyl)imidazole.
Sample solution:  Dissolve 10 mg of Formoterol Fumarate in 1 mL of dimethylformamide,

and add 100 µL of N-(trimethylsilyl)imidazole.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m; fused silica coated with 0.25-µm G27
Temperatures 

Injector:  280

Detector:  300
Column:  See the temperature gradient table below.

Initial Temperature Ramp ( /min)Final TemperatureHold time(min)

220 0 220 5
220 1 250 20

Carrier gas:  Helium
Flow rate:  2 mL/min
Injection type:  Split, (75:1) ratio
Injection volume:  2 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between formoterol related compound I and formoterol
Analysis 

Samples:  Sample solution and Standard solution

Calculate the percentage of formoterol related compound I in the portion of Formoterol
Fumarate taken:

Result = (rU/rT) × 100

rU= peak response of formoterol related compound I from the Sample solution
rT= sum of the peak responses for formoterol related compound I and formoterol fumarate

from the Sample solution

Acceptance criteria:  NMT 0.3% for formoterol related compound I
Procedure 2
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Buffer:  5.3 g/L of tribasic potassium phosphate, trihydrate. Adjust the pH with potassium

hydroxide or phosphoric acid to 12.0 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (12:88)
Standard solution

System suitability solution:
 0.1 mg/mL of USP Formoterol Fumarate Resolution Mixture RS
Sample solution:  0.1 mg/mL of Formoterol Fumarate
Diluted sample solution:  0.2 µg/mL of Formoterol Fumarate from the Sample solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; packing L67
Flow rate:  0.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
System suitability solution

[Note—The relative retention times for formoterol and formoterol related compound I are
1.0 and 1.17, respectively.]

Suitability requirements 
Peak-to-valley ratio:  NLT 2.5 for formoterol related compound I and formoterol

Calculate the peak-to-valley ratio:

Result = (HP/HV)

HP= height of formoterol realted compound I peak above baseline
HV= lowest point between the formoterol related compound I peak and the formoterol

peak

Analysis 
Samples:  Sample solution and Diluted sample solution

Acceptance criteria:  NMT 0.3%; the peak area of formoterol diastereomer in the Sample
solution is NMT 1.5 times the peak area of formoterol fumarate in the Diluted sample
solution.

SPECIFIC TESTS

•  Optical Rotation, Angular Rotation 781A
Sample solution:  10 mg/mL in methanol

Acceptance criteria:  –0.10  to +0.10

•  pH 791
Sample solution:  1 mg/mL in water
Acceptance criteria:  5.5–6.5

•  Water Determination, Method I 921 : 4.0%–5.0%
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed light-resistant containers.

Delete the following:
•  Labeling: The labeling states the procedure used for the control of formoterol related

compound I if other than Organic Impurities, Procedure 2. 

Change to read:

•  USP Reference Standards 11
USP Formoterol Fumarate RS 
USP Formoterol Fumarate Resolution Mixture RS 

Mixture of formoterol and impurity I
formoterol related compound I.

Impurity I
Formoterol related compound I:

N-[2-hydroxy-5-[(1RS)-1-hydroxy-2-[[(1SR)-2-(4-methoxyphenyl)-1-
methylethyl]amino]ethyl]phenyl]formamide fumarate salt (2:1)(diastereoisomer).    

USP Formoterol Fumarate System Suitability Mixture RS 
Mixture of formoterol fumarate and formoterol related compounds A, B, C, D, E, F, G,
and H 
Formoterol related compound A: 1-(3-Amino-4-hydroxyphenyl)-2-[[2-(4-
methoxyphenyl)-1-methylethyl]amino]ethanol.     
Formoterol related compound B: N-[2-Hydroxy-5-[(1RS)-1-hydroxy-2-[[2-(4-
methoxyphenyl)ethyl]amino]ethyl]phenyl]formamide.     
Formoterol related compound C: N-[2-Hydroxy-5-[1-hydroxy-2-[[2-(4-
methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]acetamide.     
Formoterol related compound D: N-[2-Hydroxy-5-[1-hydroxy-2-[methyl[2-(4-
methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.     
Formoterol related compound E: N-[2-Hydroxy-5-[1-hydroxy-2-[[2-(4-methoxy-3-
methylphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.     
Formoterol related compound F: N-[2-Hydroxy-5-[1-[[2-hydroxy-5-[1-hydroxy-2-[[2-
(4-methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]amino]-2-[[2-(4-
methoxyphenyl)-1-methylethyl]amino]ethyl]phenyl]formamide.     
Formoterol related compound G: (2RS)-1-(4-Methoxyphenyl)propan-2-amine.     
Formoterol related compound H: N-[5-[(1RS)-2-[Benzyl[(1RS)-2-(4-methoxyphenyl)-
1-methylethyl]amino]-1-hydroxyethyl]-2-hydroxyphenyl]formamide (monobenzyl
analog).    

BRIEFING

Hydroxocobalamin, USP 35 page 3452. On the basis of comments received and as part of
USP's monograph modernization efforts, the following changes are proposed.

1. Change the lower limit in the Definition to 94.0%.
2. Replace the UV Identification test with an HPLC Identification test using the retention

times of the major peaks obtained from the Assay.
3. Add an IR test to strengthen the substance identification.
4. Replace the cobalamin radiotracer Assay with an HPLC Assay. The cobalamin radiotracer

Assay is complex and very difficult to perform.
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5. Replace the test for Limit of Cyanocobalamin with an HPLC Related Compounds test to
characterize cyanocobalamin and other impurities. Like the cobalamin radiotracer
Assay, the test for Limit of Cyanocobalamin is difficult to perform.

6. Remove the test for pH-Dependent Cobalamins which is no longer necessary due to the
addition of the Assay and the test for Related Compounds.

The liquid chromatographic procedures in the Assay and test for Related Compounds are based
on analyses performed with two Merck Chromolith Performance RP-18 endcapped brand of L1
columns, connected in series. The typical retention times observed for hydroxocobalamin
and cyanocobalamin are 16.0 min and 30.3 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C98120

Comment deadline: March 31, 2013
Hydroxocobalamin

C62H89CoN13O15P       1346.36 

Cobinamide, dihydroxide, dihydrogen phosphate (ester), mono(inner salt), 3¢-ester with 5,6-
dimethyl-1- -d-ribofuranosyl-1H-benzimidazole;     
Cobinamide dihydroxide dihydrogen phosphate (ester), mono(inner salt), 3¢-ester with 5,6-
dimethyl-1- -d-ribofuranosylbenzimidazole     [13422-51-0].

DEFINITION

Hydroxocobalamin contains NLT 95.0%
94.0%

and NMT 102.0% of hydroxocobalamin (C62H89CoN13O15P), calculated on the dried basis.

IDENTIFICATION

Change to read:

•  A. Ultraviolet Absorption 197U

Infrared Absorption 197K
Wavelength range:  400–700 nm
Sample solution:  Use the Sample solution as directed in pH-dependent Cobalamins.
Acceptance criteria:  Meets the requirements in the chapter. The visible absorption

spectrum of the Sample solution exhibits maxima at 426 ± 2, 516 ± 2, and 550 ± 2 nm.

•  B. Cobalt
Sample:  1 mg of Hydroxocobalamin
Analysis:  Fuse the Sample with 50 mg of potassium pyrosulfate in a porcelain crucible.
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Cool, break up the mass with a glass rod, add 3 mL of water, and boil until dissolved. Add
1 drop of phenolphthalein TS, and add 2 N sodium hydroxide dropwise until a pink color
appears. Add 0.5 g of sodium acetate, 0.5 mL of 1 N acetic acid, and 0.5 mL of a 10-
mg/mL solution of nitroso R salt. Add 0.5 mL of hydrochloric acid, and boil for 1 min.

Acceptance criteria:  A red or orange-red color appears immediately after the addition of
nitroso R salt. The red or orange-red color persists after boiling with the addition of
hydrochloric acid.

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Cyanocobalamin tracer reagent, Cresol–carbon tetrachloride solution, Phosphate–
cyanide solution, Butanol–benzalkonium chloride solution, and Alumina–resin

column:  Prepare as directed in Cobalamin Radiotracer Assay 371 .

Standard solution:  Use Standardization as directed in Cobalamin Radiotracer Assay 371

.
Sample solution:  Transfer 40 mg of Hydroxocobalamin to a 2000-mL volumetric flask.

Dissolve in and dilute with water to volume. Transfer 25.0 mL of this solution to a beaker.
Add 5.0 mL of Cyanocobalamin tracer reagent, and proceed as directed for Assay

preparation in Cobalamin Radiotracer Assay 371 , beginning with “Add, while working
under a hood, 5 mg of sodium nitrite…”.

Analysis 
Samples:  Standard solution and Sample solution

Proceed as directed for Procedure in Cobalamin Radiotracer Assay 371 .

Calculate the percentage of hydroxocobalmin (C62H89CoN13O15P) in the portion of
Hydroxocobalamin taken:

Result = (AU/AS) × (CS/CU) × (RS/RU) × (Mr1/Mr2) × 100

AU= absorbance of the Sample solution at 361 nm
AS= absorbance of the Standard solution at 361 nm
CS= concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU= concentration of Hydroxocobalamin in the Sample solution (µg/mL)
RS= corrected average radioactivity values of the Standard solution (counts/min/mL)
RU= corrected average radioactivity values of the Sample solution (counts/min/mL)
Mr1= molecular weight of hydroxocobalamin, 1346.36
Mr2= molecular weight of cyanocobalamin, 1355.37

Acceptance criteria:  95.0%–102.0% on the dried basis
Buffer solution:  15.6 g/L of sodium dihydrogen phosphate dihydrated in water. Adjust
with phosphoric acid (1 in 100) to a pH of 3.0.
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Mobile phase:  See Table 1.

Table 1

Time
(min)

Methanol
(%)

Buffer solution
(%)

Water
(%)

0 8 10 82
20 8 10 82
40 40 10 50
45 8 10 82
50 8 10 82

Diluent:  Methanol, Buffer solution, and water (8:10:82)
Standard solution:  0.1 mg/mL of USP Hydroxocobalamin Chloride RS in Diluent. Mix to

homogenize.
Sample solution:  0.1 mg/mL of Hydroxocobalamin in Diluent. Mix to homogenize.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 351 nm
Column:  4.6-mm × 10-cm and 4.6-mm × 10-cm placed in series; packing L11

Column temperature:  30
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time of hydroxocobalamin is about 16 min.]
Suitability requirements 

Tailing factor:  NMT 2.5
Relative standard deviation:  NMT 1.0% from replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of hydroxocobalamin (C62H89CoN13O15P) in the portion of
Hydroxocobalamin taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Hydroxocobalamin Chloride RS in the Standard solution

(mg/mL)
CU= concentration of Hydroxocobalamin in the Sample solution (mg/mL)
Mr1= molecular weight of hydroxocobalamin, 1346.4
Mr2= molecular weight of hydroxocobalamin chloride, 1382.8
Acceptance criteria:  94.0%–102.0% on the dried basis

IMPURITIES

Delete the following:
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•  Limit of Cyanocobalamin
Cyanocobalamin tracer reagent, Cresol–carbon tetrachloride solution, Butanol–

benzalkonium chloride solution, and Alumina–resin column: Prepare as directed in

Cobalamin Radiotracer Assay 371 .

Standard solution: Use Standardization as directed in Cobalamin Radiotracer Assay 371
.

Sample solution: 50 mg of Hydroxocobalamin in 25 mL of water
Analysis: Transfer 5.0 mL of the Sample solution to a glass-stoppered, 50-mL centrifuge

tube, and add 5.0 mL of Cyanocobalamin tracer reagent and 15 mL of Cresol–carbon
tetrachloride solution. Insert the stopper, shake gently, centrifuge, carefully remove the
upper, aqueous layer by aspiration, and discard the aspirated liquid. Add 25 mL of 5 N
sulfuric acid, insert the stopper, shake gently, centrifuge, and remove and discard the
upper, aqueous layer. Repeat the washing with additional 25-mL portions of the 5 N
sulfuric acid until the acid wash is colorless (6–8 washings), and discard the acid
washings. Add Cresol–carbon tetrachloride solution as necessary during the acid washings
to maintain the volume of this phase at NLT 10 mL. Wash this solution successively with
two 10-mL portions of saturated dibasic sodium phosphate solution and one 10-mL portion
of water, and discard all of the aqueous washings. Proceed as directed for Procedure in

Cobalamin Radiotracer Assay 371 , beginning with “To the washed extract add 30 mL
of a mixture of 2 volumes of Butanol–benzalkonium chloride solution and 1 volume of
carbon tetrachloride”. 
Repeat the same procedure for the Standard solution. 
Calculate the percentage of cyanocobalamin in the portion of Hydroxocobalamin taken:

Result = (AU/AS) × (CS/CU) × (RS/RU) × 100

AU= absorbance of the Sample solution at 361 nm
AS= absorbance of the Standard solution at 361 nm
CS= concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
CU= concentration of Hydroxocobalamin in the Sample solution (µg/mL)
RS= corrected average radioactivity values of the Standard solution (counts/min/mL)
RU= corrected average radioactivity values of the Sample solution (counts/min/mL)
Acceptance criteria: NMT 5.0% on the dried basis

Add the following:
•  Related Compounds

Buffer solution, Mobile phase, Diluent, and Chromatographic system:  Proceed as
directed in Assay.

System suitability solution:  0.75 mg/mL of USP Hydroxocobalamin Chloride RS in Diluent
Solution for quantitation:  7.5 µg/mL of USP Hydroxocobalamin Chloride RS in Diluent,

diluted from the System suitability solution
Solution for the disregard limit:  0.75 µg/mL of USP Hydroxocobalamin Chloride RS in

Diluent, diluted from the Solution for quantitation
Sample solution:  0.75 mg/mL of Hydroxocobalamin in Diluent
System suitability 

Sample:  System suitability solution
[Note—The relative retention time is 0.93.]
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Suitability requirement 
Peak-to-valley ratio:2  NLT 2.0 between the hydroxocobalamin and impurity peaks

Analysis 
Sample:  Sample solution

Measure the peak responses of the Sample solution. Disregard the peaks with a response
smaller than 0.7 times that of the peak of the Solution for the disregard limit. 
Calculate the percentage of each impurity in the portion of Hydroxocobalamin taken:

Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response from the Solution for quantitation
CS= concentration of USP Hydroxocobalamin Chloride RS in the Solution for quantitation
CU= concentration of Hydroxocobalamin in the Sample solution
F = response factor, 0.8 for cyanocobalamin and 1.0 for any other impurity; Sample

solution
Mr1= molecular weight of hydroxocobalamin, 1346.4
Mr2= molecular weight of hydroxocobalamin chloride, 1382.8
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

B6-Hydroxymethyl derivative 0.45 0.50
B5-Hydroxymethyl derivative 0.53 0.40
Impurity 0.70 0.30
Impurity 0.75 0.40
Impurity 0.82 0.40
Impurity 0.93 1.1
C8 Epimer 1.25 1.0
Impurity 1.37–1.51 0.50
Cyanocobalamin 1.90 1.0
Any other impurity — 0.20
Sum of all impurities — 4.0

SPECIFIC TESTS

•  pH 791
Sample solution:  20 mg/mL of solution
Acceptance criteria:  8.0–10.0

•  Loss on Drying 731

Analysis:  Dry a sample at a pressure below 5 mm of mercury at 100  for 2 h.
Acceptance criteria:  14.0%–18.0%

Delete the following:
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•  pH-Dependent Cobalamins
[Note—Perform the test in subdued light. ]

Buffer A: Dissolve 23.8 g of sodium borate and 402 mg of boric acid in 1500 mL of water.
The pH is 9.3.

Buffer B: Dissolve 2.61 g of sodium acetate and 20.5 g of sodium chloride in 5.25 mL of
glacial acetic acid, and dilute with water to 1500 mL. The pH is 4.0.

Sample stock solution: Transfer 40 mg of Hydroxocobalamin into a 25-mL volumetric flask.
Dissolve and dilute with carbon dioxide-free water to volume.

Sample solution A: Transfer 1.0-mL aliquot of the Sample stock solution to a glass-
stoppered test tube. Add 3.0 mL of Buffer A and mix.

Sample solution B: Transfer 1.0-mL aliquot of the Sample stock solution to a glass-
stoppered test tube. Add 3.0 mL of Buffer B and mix.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode: Visible
Analytical wavelength: 550 nm
Cell: 1 cm

Analysis 
Samples: Sample solution A and Sample solution B

Determine the absorbance of Sample solution A against that of Sample solution B.
Calculate the percentage of pH-dependent cobalamins, as hydroxocobalamin, in the
portion of Hydroxocobalamin taken:

Result = A/(F × C)

A= pH corrected absorbance of Sample solution A
F= coefficent of extinction (E1%) of pure hydroxocobalamin in pH 9.3 buffer (100 mL ·

g 1·cm 1), 19.66
C= concentration of Hydroxocobalamin in Sample solution A (g/mL)
Acceptance criteria: 95.0%–102.0% on the dried basis

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store in a cool

place.

•  USP Reference Standards 11
USP Cyanocobalamin RS 

USP Hydroxocobalamin Chloride RS

1
  Chromolith columns (Merck) are based on a reversed phase employing monolithic C18-bonded silica with
bimodal pore structure (macropore 2 µm; mesopore 13 nm). Example: Merck Chromolith Performance RP-18
endcapped, 4.6-mm × 10-cm, product # 1021290001.

2
  Peak-to-valley ratio:

p/v = HP/Hv
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p/v = peak-to-valley ratio
HP = height above the extrapolated baseline of the minor peak
Hv = height above the extrapolated baseline at the lowest point of the curve separating the

minor and major peaks

(See Chromatography 621 , Peak-to-Valley Ratio.)

BRIEFING

Lamivudine, page 5960 of the Second Supplement to USP 35 and the Revision Bulletin posted
on the USP website with an official date of Dec. 1, 2011. It is proposed to add the methanol
solvate form and the corresponding labeling requirement to the monograph. The chemical
information section is revised to add the chemical formula and the molecular weight of the
solvate form and the hydrated form. The Definition and Assay have also been revised to
accommodate the solvate form. The GC procedure for the test for Content of Methanol is
added, and the analysis is based on the Agilent 624-DB brand of G43 column. The typical
retention time for methanol in this procedure is about 5.5 min. The chemical names of two
impurities were also included in the test for Other Related Compounds. Editorial changes
were also made to the same procedure for clarification and consistency with the monograph
redesign style.

(SM1: B. Davani.)
Correspondence Number—C112489

Comment deadline: March 31, 2013
Lamivudine

Change to read:

C8H11N3O3S       229.26 
C8H11N3O3S. 0.2 CH3OH      235.66 

C8H11N3O3S. 0.2 H2O      232.86 

2(1H)-Pyrimidinone, 4-amino-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-yl]-, (2R-cis)-;     
(–)-1-[(2R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine     [134678-17-4].

DEFINITION

Change to read:

Lamivudine contains NLT 98.0% and NMT 102.0% of lamivudine (C8H11N3O3S), calculated on
the anhydrous and solvent-free basis.
If labeled as a methanol solvate, it contains NLT 98.0% and NMT 102.0% of lamivudine

(C8H11N3O3S), calculated on the anhydrous, methanol-free, and solvent-free basis.
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IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

System suitability solution, as obtained in the test for Limit of Lamivudine Enantiomer.

ASSAY

Change to read:
•  Procedure

Buffer:  Transfer about 1.9 g of ammonium acetate to a 1000-mL volumetric flask, dissolve
in about 900 mL of water, adjust with acetic acid to a pH of 3.8 ± 0.2, and dilute with
water to volume.

Mobile phase:  Methanol and Buffer (5:95)
System suitability solution:  0.25 mg/mL of USP Lamivudine Resolution Mixture B RS in

Mobile phase
Standard solution:  0.25 mg/mL of USP Lamivudine RS in Mobile phase
Sample solution:  0.25 mg/mL of Lamivudine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 277 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  35
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for lamivudine diastereomer and lamivudine are 0.9 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between lamivudine and lamivudine diastereomer, System
suitability solution

Relative standard deviation:  NMT 2.0% for lamivudine, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of lamivudine (C8H11N3O3S) in the portion of Lamivudine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Lamivudine RS in the Standard solution (mg/mL)
CU= concentration of Lamivudine in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous and solvent-free basis

If labeled as a methanol solvate:  98.0%–102.0% on the anhydrous, methanol-free,
and solvent-free basis USP37
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OTHER COMPONENTS

Add the following:
•  Content of Methanol (if Labeled as Lamivudine Methanol Solvate)

Diluent:  N,N-Dimethylformamide and t-butanol (500:1)
Standard solution:  0.625 mg/mL of methanol in diluent. Transfer 2.0 mL of this solution

into a headspace vial, and immediately seal the vial.
Sample solution:  Transfer 50 mg of Lamivudine to a headspace vial, add 2.0 mL of Diluent,

and immediately seal the vial.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC headspace
Detector:  Flame ionization
Column:  0.53-mm × 75-m, coated with a 3-µm film of phase G43
Temperatures 

Injector:  180

Detector:  250
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

40 — 40 13
40 40 240 12

Injection volume:  1.0 mL
Injection type:  Split ratio, 15:1
Carrier gas:  Helium
Flow rate:  6 mL/min
Headspace samplers 

Oven:  95

Loop:  175

Transfer line:  175
Equilibrium time:  10 min

System suitability 
Sample:  Standard solution
[Note—The relative retention times for methanol and t-butanol are 1.0 and 1.9,

respectively.]
Suitability requirements 

Tailing factor:  NMT 2.0 for methanol
Column efficiency:  NLT 25,000 for methanol
Relative standard deviation:  NMT 5.0% for methanol

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methanol in the portion of lamivudine methanol solvate taken:

Result = (RU/RS) × (CS/CU) × 100
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Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of methanol to t-butanol from the Sample solution
RS= peak response ratio of methanol to t-butanol from the Standard solution
CS= concentration of methanol in the Standard solution (mg/mL)
CU= concentration of Lamivudine (as methanol solvate) in the Sample solution(mg/mL)
Acceptance criteria:  2.0%–3.0%

IMPURITIES
•  Limit of Lamivudine Enantiomer

Buffer:  7.7 g/L of ammonium acetate in water
Mobile phase:  Methanol and Buffer (5:95)
System suitability solution:  0.25 mg/mL of USP Lamivudine Resolution Mixture A RS in

water
Sample solution:  0.25 mg/mL of Lamivudine in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 25-cm; packing L45

Column temperature:  15 –30  (constant temperature)
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for lamivudine and the lamivudine enantiomer are 1.0

and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between lamivudine and the lamivudine enantiomer
Analysis 

Sample:  Sample solution

Calculate the percentage of the lamivudine enantiomer in the portion of Lamivudine taken:

Result = [rU/(rU + rS)] × 100

rU= peak response of the lamivudine enantiomer
rS= peak response of lamivudine
Acceptance criteria:  NMT 0.3%

Change to read:
•  Other Related Compounds

Buffer, Mobile phase, System suitability solution, Suitability requirements, and
Chromatographic system:  Proceed as directed in the Assay.

Standard solution 1:  0.25 mg/mL of USP Lamivudine RS in Mobile phase
Standard solution 2:  0.625 µg/mL of salicylic acid in Mobile phase

Buffer, Mobile phase, System suitability solution, Standard solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.
Salicylic acid standard solution:  0.625 µg/mL of USP Salicylic Acid RS in Mobile phase
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Sample solution:  0.25 mg/mL of Lamivudine in Mobile phase
Analysis 

Samples:  Salicylic acid standard solution and Sample solution

Calculate the percentage of salicylic acid in the portion of Lamivudine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of salicylic acid from the Sample solution
rS= peak response of salicylic acid from Standard solution 2

USP Salicylic Acid RS from the Salicylic acid standard solution
CS= concentration of salicylic acid in the Standard solution 2

Salicylic acid standard solution
(mg/mL)

CU= concentration of Lamivudine in the Sample solution (mg/mL)

Calculate the percentage of other individual impurities in the portion of Lamivudine taken:

Result = (rU/rT) × 100

rU= peak response of each impurity other than salicylic acid from the Sample solution
rT= sum of the responses of all the peaks
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Specified impurity 1
Lamivudine-carboxylic acida 0.4 0.3

Specified impurity 2
Lamivudine-trans (lamivudine diastereomer)b 0.9 0.2

Salicylic acid 1.0 0.1
Any other individual impurity — 0.1
Total impurities — 0.6

a  I (2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid. 
b  1–[(2RS,5RS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine. 

•  Residual Solvents
Internal standard solution:  Dilute 1 mL of 2-pentanone with dimethyl sulfoxide and water

(1:1) to 100.0 mL.
Standard solution:  Transfer 10 mL of the Internal standard solution to a 100-mL

volumetric flask. Add 100 µL each of the following: dehydrated alcohol, isopropyl acetate,
methanol, and triethylamine. Dilute with dimethyl sulfoxide and water (1:1) to volume.

Sample solution:  Transfer 5 g of Lamivudine to a 100-mL volumetric flask, add 10 mL of
the Internal standard solution, and dilute with dimethyl sulfoxide and water (1:1) to
volume.

Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 50-m, coated with a 5-µm film of phase G1
Temperatures 

Injector:  150

Detector:  250
Column:  See Table 3.

Table 3

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

70 — 70 3
70 30 200 6.5

Injection volume:  0.5 µL
Injection type:  Split flow rate, 320 mL/min
Carrier gas:  Hydrogen (at pressure 5 psig)

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each residual solvent in the portion of Lamivudine taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of the respective analyte to the internal standard from the Sample
solution

RS= peak response ratio of the respective analyte to the internal standard from the
Standard solution

CS= concentration of the respective analyte in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  See Table 4.

Table 4

Name

Acceptance
Criteria,
NMT (%)

Alcohol 0.2
Isopropyl acetate 0.2
Methanol 0.1
Triethylamine 0.1
Total residual solvents 0.3

SPECIFIC TESTS

Change to read:

•  Water Determination, Method Ic 921 :
NMT 2.0% (RB 1-Dec-2011)
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Light absorption  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Vis
Sample solution:  50 mg/mL in water
Analytical wavelength:  440 nm
Cell:  4 cm

Acceptance criteria:  Absorptivity NMT 0.0015

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at room

temperature.

Add the following:
•  Labeling: Where it is a methanol solvate form, the label so indicates. 

Change to read:

•  USP Reference Standards 11
USP Lamivudine RS 
USP Lamivudine Resolution Mixture A RS 
USP Lamivudine Resolution Mixture B RS 
USP Salicylic Acid RS  

BRIEFING

Lamivudine Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedures used in the Assay and the test for Organic Impurities are based
on analyses performed with the Hypersil BDS-C18 brand of L1 column. The typical retention
time for lamivudine is about 11 min.

(SM1: S. Shivaprasad, B. Davani.)
Correspondence Number—C101995

Comment deadline: March 31, 2013

Add the following:
Lamivudine Tablets

DEFINITION

Lamivudine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of lamivudine
(C8H11N3O3S).

IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure
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Buffer:  1.9 g/L of ammonium acetate in water. Adjust with acetic acid to a pH of 3.8.
Mobile phase:  Methanol and Buffer (50:950)
System suitability solution:  0.2 mg/mL of USP Lamivudine Resolution Mixture B RS in

Mobile phase
Standard solution:  0.2 mg/mL of USP Lamivudine RS in water
Sample stock solution:  Nominally 4 mg/mL solution of lamivudine in water prepared as

follows. Transfer the required number of Tablets, based on the labeled amount, to a
suitable volumetric flask, and soak or shake for at least 15 min in water to disperse the
sample. Dilute with water to volume, mix, and pass through a suitable filter or centrifuge.

Sample solution:  0.2 mg/mL solution of lamivudine from the Sample stock solution in
Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 277 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30 ± 5
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for lamivudine diastereomer and lamivudine are 0.9 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between lamivudine and lamivudine diastereomer, System
suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Tailing factor:  NMT 2.0, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lamivudine (C8H11N3O3S) in the portion
of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Lamivudine RS in the Standard solution (mg/mL)
CU= nominal concentration of lamivudine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Procedure for products labeled as Lamivudine Tablets 100-mg or 150-mg 

Medium:  Water, degassed, 900 mL
Apparatus 2:  50 rpm
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Time:  30 min

Temperature:  37
Standard solution:  L/900 mg/mL of USP Lamivudine RS in Medium, and mix to obtain

solutions with known concentrations as indicated in Table 1, where L is the Tablet label
claim in mg.

Sample solution:  Pass a portion of the solution under test through a suitable filter,
which has a similar concentration to the Standard solution.

Table 1

Tablet Label Claim 
(mg)

Final Concentration 
(mg/mL)

100 1.11
150 0.16

Instrumental conditions 
Mode:  UV
Analytical wavelength:  270 nm
Cell length:  1-mm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lamivudine (C8H11N3O3S) dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Lamivudine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of lamivudine (C8H11N3O3S) is dissolved

at 30 min.
Procedure for products labeled as Lamivudine Tablets 300-mg 

Medium:  0.1 N hydrochloric acid, 900 mL
Apparatus 2:  75 rpm
Time:  15 min

Temperature:  37
Standard solution:   0.33 mg/mL of USP Lamivudine RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Instrumental conditions 

Mode:  UV
Analytical wavelength:  280 nm
Cell length:  0.5-mm
Blank:  Medium

Analysis:  Proceed as directed in the subsection Procedure for products labeled as
Lamivudine Tablets 100-mg or 150-mg.

Tolerances:  NLT 80% (Q) of the labeled amount of lamivudine (C8H11N3O3S) is dissolved
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in 15 min.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Buffer, Mobile phase, Standard solution, System suitability solution, Sample
solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each individual impurity in the portion of Tablets taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity
rT= sum of the responses of all the peaks
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Lamivudine-carboxylic acida 0.39 —b

Lamivudine-trans (lamivudine diastereomer)c 0.92 —b

Lamivudine 1.00 —

Salicylic acid 2.2 —b

Any other individual impurity — 0.1
Total impurities — 0.6

a  (2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid. 
b  Process-related impurity monitored in the drug substance and not included in the total

impurities. 
c  1-[(2RS,5RS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at room

temperature.

•  USP Reference Standards 11
USP Lamivudine RS 
USP Lamivudine Resolution Mixture B RS 

BRIEFING

Levofloxacin Tablets, PF 37(6) [Nov.–Dec. 2011]. On the basis of comments received, it is
proposed to revise the Dissolution test and affected Labeling statement as follows:

1. The existing Dissolution test is revised to add the Dissolution Test 1 designation to the

USP37

PF 39(1): Jan.-Feb. 2013 341



already published monograph draft in order to make this a flexible monograph
approach. The Analysis section in Dissolution Test 1 is updated to follow current USP
redesign style.

2. Dissolution Tests 2, 3, and 4 are added based on other FDA-approved specifications. A
Labeling statement is added to support this revision.

The chemical name for levofloxacin related compound A is also modified in the Table 2

footnotes and in the USP Reference Standards 11  section to be consistent with the
chemical name provided in support of the corresponding USP Reference Standard.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C107578; C114224; C114225

Comment deadline: March 31, 2013

Add the following:
Levofloxacin Tablets

DEFINITION

Levofloxacin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of levofloxacin
(C18H20FN3O4).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluent:  Acetonitrile and water (20:80)
Mobile phase:  Transfer 874 mg of cupric sulfate, 918 mg of l-isoleucine, and 5.94 g of

ammonium acetate to a suitable container. Add 700 mL of water, and mix until dissolved.
Add 300 mL of methanol.

Standard stock solution:  2 mg/mL of USP Levofloxacin RS in Diluent
Standard solution:  0.2 mg/mL of USP Levofloxacin RS in Mobile phase from the Standard

stock solution
Sample stock solution:  Nominally 5 mg/mL of levofloxacin prepared as follows. Transfer

intact Tablets (NLT 5) to a volumetric flask, add 75% of the final volume of Diluent, and
allow to stand for 15 min. Shake for 30 min, and dilute with Diluent to volume. Pass a
portion of the solution through a suitable filter of 0.45-µm pore size, discarding the first 1–
2 mL of the filtrate.

Sample solution:  Nominally 0.2 mg/mL of levofloxacin in Mobile phase from the Sample
stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 360 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
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Column temperature:  45
Flow rate:  0.8 mL/min
Injection volume:  25 µL
Run time:  2 times the retention time of levofloxacin

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.8
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levofloxacin (C18H20FN3O4) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of levofloxacin from the Sample solution
rS= peak response of levofloxacin from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU= nominal concentration of levofloxacin in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  75 rpm
Time:  30 min
Standard solution:  0.56 mg/mL of USP Levofloxacin RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  294 nm
Cell length:  0.1 mm
Blank:  Medium

Analysis
Samples:  Standard solution and Sample solution

Calculate the percentage of levofloxacin (C18H20FN3O4) dissolved:

Result = (AU/AS) × (CS/L) × V × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
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L = label claim (mg/Tablet)
V= volume of Medium, 900 mL

Samples:  Standard solution and Sample solution

Calculate the percentage (Q) of the labeled amount of levofloxacin (C18H20FN3O4)
dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
L = label claim (mg/Tablet)
 
Tolerances:  NLT 80% (Q) of the labeled amount of levofloxacin (C18H20FN3O4) is

dissolved.
Test 2 

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  100 rpm
Time:  30 min
Standard solution:  L/900 mg/mL of USP Levofloxacin RS in Medium, and mix to obtain

solutions with known concentrations as indicated in Table 1, where L is the label claim
in mg/Tablet.

Sample solution:  Pass a portion of the solution under test having a oncentration similar
to that of the Standard solution through a suitable filter of 0.45-µm pore size.

Table 1

Tablet Label Claim
(mg)

Final Concentration
(mg/mL)

250 0.27
500 0.55
750 0.83

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  293 nm
Cell length:  0.1 mm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage (Q) of the labeled amount of levofloxacin (C18H20FN3O4)
dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100
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AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of levofloxacin (C18H20FN3O4) is

dissolved.
Test 3 

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  100 rpm
Time:  30 min
Standard solution:  L/900 mg/mL of USP Levofloxacin RS in Medium, and mix to obtain

solutions with known concentrations as indicated in Table 1, where L is the label claim
in mg/Tablet.

Sample solution:  Pass a portion of the solution under test having the same
concentration as that of the Standard solution through a suitable filter of 0.45-µm pore
size.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  326 nm
Cell length:  1 mm for a 250-mg Tablet, 0.5 mm for a 500-mg Tablet, and 0.2 mm for a

750-mg Tablet
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage (Q) of the labeled amount of levofloxacin (C18H20FN3O4)
dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of levofloxacin (C18H20FN3O4) is

dissolved.
Test 4 

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  100 rpm
Time:  30 min
Standard solution:  16 µg/mL of USP Levofloxacin RS in Medium
Sample solution:  Pass a portion of the solution under test having the same
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concentration as that of the Standard soluiton through a suitable filter of 0.45-µm pore
size.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  332 nm
Cell length:  1 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage (Q) of the labeled amount of levofloxacin (C18H20FN3O4)
dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
D= dilution factor of the Sample solution
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of levofloxacin (C18H20FN3O4) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Diluent, Mobile phase, Standard stock solution, Sample solution, and
Chromatographic system:  Proceed as directed in the Assay.

Standard solution:  0.2 mg/mL of USP Levofloxacin RS from the Standard stock solution
and 1 µg/mL of USP Levofloxacin Related Compound A RS in Mobile phase

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.8 for the levofloxacin peak
Relative standard deviation:  NMT 2.0% for the levofloxacin peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of levofloxacin related compound A in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of levofloxacin related compound A from the Sample solution
rS= peak response of levofloxacin related compound A from the Standard solution
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CS= concentration of USP Levofloxacin Related Compound A RS in the Standard solution
(mg/mL)

CU= nominal concentration of levofloxacin in the Sample solution (mg/mL)

Calculate the percentage of any other impurities in the portion of Tablets taken:

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

rU= peak response of any impurity from the Sample solution
rS= peak response of levofloxacin from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU= nominal concentration of levofloxacin in the Sample solution (mg/mL)
F= relative response factor (see Table 2.)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Decarboxy levofloxacina 0.38 0.60 0.3
Levofloxacin related compound Ab 0.47 — 0.7
Diamine derivativec 0.52 0.83 0.3
Levofloxacin N-oxided 0.63 0.68 0.7
9-Desfluoro levofloxacine 0.73 — —f

Levofloxacin 1.00 — —
Dextrofloxacing 1.23 — —f

Levofloxacin 9-piperazino isomerh 1.69 — —f

Any unspecified impurity — 1.0 0.2
Total impurities — — 1

a  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine. 

b  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carbocylic acid.(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-
2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.

c  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-[2-(methylamino)ethylamino]-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid. 

d  (S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]
[1,4]benzoxazine-10-yl)-1-methylpiperazine 1-oxide. 

e  (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid. 

f  Process impurity, for information only. 
g  (R)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-

pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid. 
h  (S)-10-fluoro-3-methyl-9-(4-methylpiperazin-1-yl)-7-oxo-3,7-dihydro-7H-

pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid. 
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Levofloxacin RS 
USP Levofloxacin Related Compound A RS 

(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carbocylic acid. 
(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid. 
C17H18FN3O4      347.34

BRIEFING

Lidocaine Hydrochloride Jelly, USP 35 page 3684. As part of the USP monograph
modernization initiative, the following changes are proposed:

1. Replace the nonspecific titration method for the Assay with a stability-indicating HPLC-
based method. The proposed liquid chromatographic procedure was validated with an
Atlantis dC18 brand of L1 column. The typical retention time for lidocaine is about
5.9 min.

2. Add Identification test B based on the retention time agreement from the proposed
HPLC method for the Assay.

3. Revise the storage conditions to indicate that the Jelly needs to be stored at controlled
room temperature.

4. Add the USP reference standard used to determine resolution for System suitability in

the Assay to the USP Reference Standards 11  section.

(SM4: M. Koleck, M. Waddell.)
Correspondence Number—C74796

Comment deadline: March 31, 2013
Lidocaine Hydrochloride Jelly

DEFINITION

Lidocaine Hydrochloride Jelly is Lidocaine Hydrochloride in a suitable, water-soluble, sterile,
viscous base. It contains NLT 95.0% and NMT 105.0% of the labeled amount of lidocaine
hydrochloride (C14H22N2O·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197K

Standard:  Prepare as directed in Infrared Absorption 197K , using USP Lidocaine RS.
Sample:  Place in a separator containing 10–15 mL of water a quantity of Jelly, equivalent

to 300 mg of lidocaine hydrochloride. Mix to assure thorough dilution of the Jelly, and add
4 mL of 6 N ammonium hydroxide. Extract with four 15-mL portions of chloroform. Combine
the chloroform extracts, and evaporate with the aid of a current of warm air to dryness.

USP37
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Redissolve the crystals in solvent hexane, evaporate with the aid of warm air, and dry the
residue in vacuum over silica gel for 24 h.

Acceptance criteria:  The residue so obtained meets the requirements.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  Weigh into a separator containing 10–15 mL of water a quantity of
Jelly, equivalent to 20 to 30 mg of lidocaine hydrochloride, and mix to assure thorough
dilution of the Jelly. Add 1 mL of 6 N ammonium hydroxide, and extract by shaking with
four 20-mL portions of chloroform. Combine the chloroform extracts, and evaporate with
the aid of a current of warm air, adding 25.0 mL of 0.01 N sulfuric acid VS just before the
last trace of chloroform is expelled. Complete the evaporation of the chloroform.

Titrimetric system (see Titrimetry 541  
Mode:  Residual titration
Titrant:  0.01 N sodium hydroxide VS
End point detection:  potentiometric

Analysis:  Titrate the excess acid with Titrant. Each mL of 0.01 N sulfuric acid is
equivalent to 2.708 mg of lidocaine hydrochloride (C14H22N2O·HCl).

Acceptance criteria:  95.0%–105.0%
Solution A:  0.1% phosphoric acid, prepared by adding 1.0 mL of 85% phosphoric acid to
1 L of water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
10 10 90

10.1 90 10
15 90 10

Diluent:  Acetonitrile and Solution A (1:1)
System suitability solution:  0.1 mg/mL of USP Lidocaine RS and 0.04 mg/mL of USP

Ropivacaine Related Compound A RS in Diluent
[Note—USP Ropivacaine Related Compound A RS is 2,6-dimethylaniline hydrochloride.]
Standard solution:  0.1 mg/mL of USP Lidocaine RS in Diluent
Sample solution:  Nominally 0.12 mg/mL of lidocaine hydrochloride in Diluent from a

portion of Jelly. Sonicate the solution for about 10 min.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
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Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  0.8 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times of 2,6-dimethylaniline and lidocaine are about 0.93
and 1.0, respectively.]
Suitability requirements 

Tailing factor:  NMT 1.5 for the lidocaine peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution
Resolution:  NLT 1.8 between lidocaine and 2,6-dimethylaniline, System suitability

solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lidocaine hydrochloride
(C14H22N2O·HCl) in the portion of Jelly taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Minimum Fill 755 : Meets the requirements

SPECIFIC TESTS

•  pH 791 : 6.0–7.0

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers,
and store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Lidocaine RS 
USP Ropivacaine Related Compound A RS  

2,6-Dimethylaniline hydrochloride. 
C8H12ClN      157.64
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BRIEFING

Lidocaine Ointment, USP 35 page 3682. As part of the USP monograph modernization
initiative, the following changes are proposed:

1. Replace the nonselective titration method for Assay with a stability-indicating HPLC-
based method. The proposed liquid chromatographic procedure was validated with an
Atlantis dC18 brand of L1 column. The typical retention time for lidocaine is about
5.9 min.

2. Add Identification test B based on the retention time agreement from the proposed
HPLC method for Assay.

3. Revise the storage conditions to indicate that the Ointment needs to be stored at
controlled room temperature.

4. Add the USP reference standard used to determine resolution for System suitability in

the Assay to the USP Reference Standards 11  section.

(SM4: M. Koleck, M. Waddell.)
Correspondence Number—C68513

Comment deadline: March 31, 2013
Lidocaine Ointment

DEFINITION

Lidocaine Ointment is Lidocaine in a suitable hydrophilic ointment base. It contains NLT 95.0%
and NMT 105.0% of the labeled amount of lidocaine (C14H22N2O).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Stir a quantity of Ointment, equivalent to 300 mg of lidocaine, with 20 mL of

water, transfer to a separator, and extract with two 30-mL portions of solvent hexane.
Wash the combined hexane extracts with 10 mL of water, evaporate with the aid of a
current of warm air, and dry the residue in vacuum over silica gel for 24 h.

Acceptance criteria:  The crystalline precipitate so obtained meets the requirements.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  Weigh into a separator containing 10–15 mL of water a quantity of
Ointment, equivalent to 20–30 mg of lidocaine hydrochloride, and mix to assure thorough
dilution of the Ointment. Add 1 mL of 6 N ammonium hydroxide, and extract by shaking
with four 20-mL portions of chloroform. Combine the chloroform extracts, and evaporate
with the aid of a current of warm air, adding 25.0 mL of 0.01 N sulfuric acid VS just
before the last trace of chloroform is expelled. Complete the evaporation of the
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chloroform.

Titrimetric system (see Titrimetry 541  
Mode:  Residual titration
Titrant:  0.01 N sodium hydroxide VS
End point detection:  potentiometric

Analysis:  Titrate the excess acid with Titrant. Each mL of 0.01 N sulfuric acid is
equivalent to 2.343 mg of lidocaine (C14H22N2O).

Acceptance criteria:  95.0%–105.0%
Solution A:  0.1% phosphoric acid, prepared by adding 1.0 mL of 85% phosphoric acid to
1 L of water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
10 10 90

10.1 90 10
15 90 10

Diluent:  Acetonitrile and Solution A (1:1)
System suitability solution:  0.1 mg/mL of USP Lidocaine RS and 0.04 mg/mL of USP

Ropivacaine Related Compound A RS in Diluent
[Note—USP Ropivacaine Related Compound A RS is 2,6-dimethylaniline hydrochloride.]
Standard solution:  0.1 mg/mL of USP Lidocaine RS in Diluent
Sample solution:  Nominally 0.1 mg/mL of lidocaine in Diluent from a portion of Ointment.

Sonicate the solution for about 5 min.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  0.8 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for 2,6-dimethylaniline and lidocaine are about 0.93
and 1.0, respectively.]
Suitability requirements 

Tailing factor:  NMT 1.5 for the lidocaine peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution
Resolution:  NLT 1.8 between lidocaine and 2,6-dimethylaniline, System suitability

solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lidocaine (C14H22N2O) in the portion
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of Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine in the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Minimum Fill 755 : Meets the requirements

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers,
and store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Lidocaine RS 
USP Ropivacaine Related Compound A RS  

2,6-Dimethylaniline hydrochloride. 
C8H12ClN      157.64

BRIEFING

Lumefantrine, page 413 of PF 36(2) [Mar.–Apr. 2010]. On the basis of new specifications and
additional supporting data received from the sponsor, it is proposed to replace the proposal
in PF 36(2) with this new version. As part of monograph modernization efforts and on the
basis of additional supporting data, several changes including the following are proposed and
incorporated in this new version.

1. Replace two separate HPLC procedures for the Assay and the test for Organic
Impurities with a single and faster HPLC procedure suitable for the determination of
both purity and impurities.

2. Add a new specified impurity and the corresponding limit in the test for Organic
Impurities.

3. Add a specific test for Clarity of Solution.
4. Delete USP Lumefantrine Related Compound B RS, which is no longer needed for the new

HPLC procedure.

The updated HPLC procedure is based on analysis performed with the Zorbax Eclipse XDB-C18
brand of L1 column. The typical retention time for lumefantrine is about 3.7 min. The
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proposal was also reformatted to be consistent with the monograph redesign style.

(SM1: B. Davani.)
Correspondence Number—C93882

Comment deadline: March 31, 2013

Add the following:
Lumefantrine

C30H32Cl3NO       528.94 

(±)-2,7-Dichloro-9-[(Z)-p-chlorobenzylidine]- [(dibutylamino)methyl]-fluorene-4-methanol    
[82186-77-4].

DEFINITION

Lumefantrine contains NLT 98.0% and NMT 102.0% of lumefantrine (C30H32Cl3NO).

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the lumefantrine peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  Dissolve 5.65 g of sodium 1-hexanesulfonate and 2.75 g of monobasic sodium
phosphate in 900 mL of water. Adjust with phosphoric acid to a pH of 2.3 before dilution
with water to a final volume of 1000 mL.

Solution A:  Acetonitrile and Buffer (300:700)
Solution B:  Acetonitrile and 2-propanol (540:460)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 65 35
1.2 65 35
6.0 50 50
6.4 30 70
10.0 25 75
15.0 10 90
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15.1 65 35
20.0 65 35

System suitability stock solution:  10 µg/mL of USP Lumefantrine Related Compound A RS
prepared as follows. Transfer a suitable quantity of USP Lumefantrine Related Compound A
RS to a volumetric flask, dissolve in 10% volume dichloromethane, and dilute with
acetonitrile to volume.

System suitability solution:  1 mg/mL of USP Lumefantrine RS and 1 µg/mL of USP
Lumefantrine Related Compound A RS prepared as follows. Transfer 10 mg of USP
Lumefantrine RS to a 10-mL volumetric flask, and dissolve in 1 mL of dichloromethane. Add
1.0 mL of the System suitability stock solution and dilute with acetonitrile to volume.

Standard solution:  1 mg/mL of USP Lumefantrine RS prepared as follows. Transfer a
suitable quantity of USP Lumefantrine RS to a volumetric flask, dissolve in 10% volume of
dichloromethane, and dilute with acetonitrile to volume.

Sample solution:  1 mg/mL of Lumefantrine prepared as follows. Transfer a suitable
quantity of Lumefantrine to a volumetric flask, dissolve in 10% volume of dichloromethane,
and dilute with acetonitrile to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 50-mm; 1.8-µm packing L1

Column temperature:  Beginning of column, 50 ; end of column, 35
Flow rate:  2.5 mL/min
Injection volume:  2.5 µL
Run time:  20 min

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for lumefantrine related compound A and lumefantrine

are 0.9 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.3 between lumefantrine and lumefantrine related compound A,
System suitability solution

Tailing factor:  NMT 2.1, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of lumefantrine (C30H32Cl3NO) in the portion of Lumefantrine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0%
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IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Buffer, Solution A, Solution B, Mobile phase, System suitability stock solution,
System suitability solution, Sample solution, Chromatographic system, and System
suitability:  Proceed as directed in the Assay.

Standard stock solution:  50 µg/mL of USP Lumefantrine RS prepared as follows. Transfer
a suitable quantity of USP Lumefantrine RS into a volumetric flask, dissolve in 10% volume
of dichloromethane, and dilute with acetonitrile to volume.

Standard solution:  1 µg/mL of USP Lumefantrine RS in acetonitrile from the Standard
stock solution

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of desbutyl lumefantrine or any other impurity in the portion of
Lumefantrine taken:

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

rU= peak response of desbutyl lumefantrine or any other impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
F= relative response factor
Acceptance criteria:  See Table 2. Disregard any peak less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Desbutyl lumefantrinea 0.68 1.1 0.05
Lumefantrine 1.0 — —
Any other individual impurity — 1.0 0.10
Total impurities — — 0.3

a  (Z)-2-(Butylamino)-1-(2,7-dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-yl)ethanol.

SPECIFIC TESTS
•  Clarity of Solution

Hydrazine sulfate solution:  Transfer 1.0 g of hydrazine sulfate to a 100-mL volumetric
flask, and dissolve in and dilute with water to volume. Allow to stand for 4–6 h before use.

Methenamine solution:  Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask,
add 25 mL of water, insert the glass stopper, and mix to dissolve.

Primary opalescent suspension:  Transfer 25.0 mL of Hydrazine sulfate solution to the
Methanamine solution in the 100-mL glass-stoppered flask. Allow to stand for 24 h. This
suspension is stable for 2 months, provided it is stored in a glass container free from
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surface defects. The suspension must not adhere to the glass and must be well mixed
before use.

Stock opalescence suspension:  Transfer 15.0 mL of the Primary opalescent suspension
to a 1000-mL volumetric flask, and dilute with water to volume. This suspension should
not be used beyond 24 h after preparation.

Sample solution:  Dissolve 1.0 g of Lumefantrine in dichloromethane, and dilute with
dichloromethane to 10.0 mL.

Standard suspension:  Transfer 5.0 mL of Stock opalescence suspension to a 100-mL
volumetric flask, and dilute with water to volume. Prepare only if the Sample solution is
not as clear as water or dichloromethane.

Analysis 
Samples:  Sample solution, Standard suspension, water, and dichloromethane

Transfer a sufficient portion of the Sample solution to a test tube of colorless,
transparent, neutral glass with a flat base and an internal diameter of 15–25 mm to obtain
a depth of 40 mm. Similarly transfer portions of Standard suspension and dichloromethane
to separate matching test tubes. Compare the Sample solution, Standard suspension,
water, and dichloromethane in diffused daylight, viewing vertically against a black
background. The diffusion of light must be such that the Standard suspension can readily
be distinguished from dichloromethane. If the Sample solution is as clear as water or
dichloromethane, it is not necessary to prepare the Standard suspension.

Acceptance criteria:  The Sample solution shows the same or more clarity than water,
dichloromethane, or the Standard suspension.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers. Store at room temperature.

•  USP Reference Standards 11
USP Lumefantrine RS
USP Lumefantrine Related Compound A RS 

(RS, Z)-2-(Dibutylamino)-2-(2,7-dichloro-9-(4-chlorobenzylidene)-9H-fluoren-4-
yl)ethanol.     
C30H32Cl3NO      528.94

BRIEFING

Methocarbamol Injection, USP 35 page 3852. It is proposed to revise the monograph as
follows:

1. Introduce a second identification test based on the retention time agreement from the
Assay.

2. Revise the Buffer preparation in the Assay to increase the flexibility. In addition, remove
the stringent pH control as the validation data indicates pH is not a critical
parameter.

3. Revise the name of the test from Aldehydes to Limit of Aldehydes to reflect the intent
of the test.

4. Clarify the preparation of the Standard solution and Blank used in the test for Limit of
Aldehydes.

5. Revise the Packaging and Storage section to be a consistent approved package insert.
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6. Edit the monograph to be consistent with the current USP style guide.

(SM4: R. Ravichandran.)
Correspondence Number—C125062

Comment deadline: March 31, 2013
Methocarbamol Injection

DEFINITION

Methocarbamol Injection is a sterile solution of Methocarbamol in an aqueous solution of
Polyethylene Glycol 300. It contains NLT 95.0% and NMT 105.0% of the labeled amount of
methocarbamol (C11H15NO5).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Mix a volume with 40 mL of water equivalent to 500 mg of methocarbamol from

Injection in a small separator. Extract with 10 mL of ethyl acetate, and dry the ethyl
acetate layer over anhydrous sodium sulfate. Evaporate the ethyl acetate with the use of

a water bath maintained at 40  under a stream of nitrogen to dryness.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 18 N

phosphoric acid or 10 N

potassium hydroxide to a pH of 4.5.± 0.05.

Mobile phase:  Methanol and Buffer (30:70)
Standard solution:  1 mg/mL of USP Methocarbamol RS in Mobile phase
Sample solution:  Nominally 1 mg/mL of methocarbamol from a suitable volume of Injection

containing NLT 100 mg of methocarbamol in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 274 nm
Column:  4.6-mm × 10.0-cm; 3-µm or 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
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Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of methocarbamol (C11H15NO5) in the
portion of the Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
CU= nominal concentration of methocarbamol in the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%

IMPURITIES

Change to read:
•  Limit of Aldehydes

Diluent:  Alcohol and water (20:80)
Solution A:  10 mg/mL of phenylhydrazine hydrochloride in Diluent
Solution B:  10 mg/mL of potassium ferricyanide in water

Solution C:  0.001% (v/v) of formaldehyde solution in water
Standard solution:   Transfer 4 mL of Solution C to a 25-mL volumetric flask. Add 2.0 mL

of filtered Solution A. Allow to stand for 10 min. Add 1 mL of Solution B, and allow to
stand for 5 min. Add 4 mL of hydrochloric acid, and dilute with alcohol to volume.

Sample solution:  Transfer an equivalent to 400 mg of methocarbamol from Injection to a
25-mL volumetric flask. Add 2.0 mL of filtered Solution A. Allow to stand for 10 min. Add 1
mL of Solution B, and allow to stand for 5 min. Add 4 mL of hydrochloric acid, and dilute
with alcohol to volume.
Blank:  Transfer 4 mL of water to a 25-mL volumetric flask. Add 2.0 mL of filtered
Solution A. Allow to stand for 10 min. Add 1 mL of Solution B, and allow to stand for 5
min. Add 4 mL of hydrochloric acid, and dilute with alcohol to volume.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Vis
Analytical wavelength:  515 nm
Cell:  1 cm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Determine the absorbances of the Samples.
Acceptance criteria:  The absorbance of Sample solution is NMT the absorbance of the

Standard solution (NMT 0.01% as formaldehyde).based upon the content of
methocarbamol ( C11H15NO5) as determined in the Assay.
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SPECIFIC TESTS

•  pH 791 : 3.5–6.0

•  Bacterial Endotoxins Test 85 : NMT 0.2 of USP Endotoxin Unit/mg of methocarbamol

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Other Requirements: Meets the requirements under Injections 1

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose containers. ,preferably of Type I glass.
 Store at controlled room temperature.

•  USP Reference Standards 11
USP Endotoxin RS
USP Methocarbamol RS 

BRIEFING

Metoclopramide Hydrochloride, USP 35 page 3893. As part of USP monograph modernization
efforts, the following revisions are proposed:

1. The nonspecific TLC test for Chromatographic Purity is replaced with an Organic
Impurities HPLC procedure. This procedure is based on validated methods of
analyses, performed with the Kromasil C8 brand of L7 column. The typical retention
time of the metoclopramide peak is about 4 min. The procedure is similar to the
current Metoclopramide monograph in the European Pharmacopoeia, where a Zorbax
Rx brand of L7 columns is considered suitable.

2. The titration procedure for the Assay is revised to eliminate the use of mercuric
acetate, which is a safety hazard, and to incorporate the procedure based on the
current monograph for Metoclopramide Hydrochloride in the European
Pharmacopoeia.

3. The following updates are proposed in the Identification section. Identification test A,
currently based on infrared absorption, is revised to allow more flexibility to the
users. Identification test B, based on the Identification test D for chloride in the
European Pharmacopoeia monograph, is added to the monograph. The wet
chemistry-based Identification test B and the TLC-based Identification test C are
deleted.

4. Storage requirements have been added in the Packaging and Storage section.
5. Three new USP Reference Standards for impurities have been added to the USP

Reference Standards 11  section.

(SM3: E. Gonikberg.)
Correspondence Number—C111968

Comment deadline: March 31, 2013
Metoclopramide Hydrochloride
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C14H22ClN3O2·HCl·H2O       354.27 

Benzamide, 4-amino-5-chloro-N-[2-(diethylamino)ethyl]-2-methoxy-, monohydrochloride,
monohydrate;     
4-Amino-5-chloro-N-[2-(diethylamino)ethyl]-o-anisamide monohydrochloride monohydrate    
[54143-57-6].

DEFINITION

Metoclopramide Hydrochloride contains NLT 98.0% and NMT 101.0% of metoclopramide
hydrochloride (C14H22ClN3O2·HCl), calculated on the anhydrous basis.

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197M

Infrared Absorption 197

[Note—Methods described in Infrared Absorption 197K , 197M , or 197A  may be used.]

Delete the following:
•  B. Procedure

Sample solution: Dissolve 50 mg in 5 mL of water
Analysis: To the Sample solution, add 5 mL of a solution of p-dimethylaminobenzaldehyde

in 1 N hydrochloric acid (1 in 100).
Acceptance criteria: A yellow-orange color is produced.

Add the following:

•  B. Identification Tests—General, Chloride 191
Sample solution:  Dissolve 100 mg in 2 mL of water, and acidify the solution with dilute

nitric acid.
Acceptance criteria:  Meets the requirements

Delete the following:
•  C. The RF value of the principal spot of the Identification solution corresponds to that of

Standard solution A, as obtained in test for Organic Impurities. 

ASSAY

Change to read:
•  Procedure

Sample:  300 mg
Analysis:  Transfer the Sample to a stoppered 125-mL flask, add 10 mL of mercuric

acetate TS and 2 mL of acetic anhydride, and allow to stand for 3 h. Add 80 mL of
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glacial acetic acid. Titrate with 0.1 N perchloric acid VS (see Titrimetry 541 ),
determining the endpoint potentiometrically. Perform a blank determination, and make any
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 33.63 mg of
C14H22ClN3O2·HCl.
Sample:  250 mg
Analysis:  Dissolve the Sample in a mixture of 5.0 mL of 0.01 N hydrochloric acid and 50

mL of alcohol. Titrate with 0.1 N sodium hydroxide VS (see Titrimetry 541 ),
determining the endpoint potentiometrically. Read the volume of 0.1 N sodium hydroxide
added between the two points of inflexion. Each mL of 0.1 N sodium hydroxide is
equivalent to 33.63 mg of the anhydrous metoclopramide hydrochloride
(C14H22ClN3O2·HCl).

Acceptance criteria:  98.0%–101.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:
•  Chromatographic purity

Standard stock solution: 1 mg/mL of USP Metoclopramide Hydrochloride RS in methanol
Standard solutions: Prepare three Standard solutions by diluting the Standard stock

solution with methanol as directed in Table 1.

Table 1

Standard
solution

Dilution of 
the Standard stock

solution
Concentration 

(µg/mL)

Percentage 
(%, for

comparison 
with the Sample

solution)

A (1 in 4) 250 0.5
B (3 in 20) 150 0.3
C (1 in 20) 50 0.1

Sample solution: 50 mg/mL of Metoclopramide Hydrochloride in methanol
Identification solution: 250 µg/mL of Metoclopramide Hydrochloride from the Sample

solution in methanol
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, toluene, and ammonium hydroxide

(140:60:20:1)
Analysis 

Samples: Standard solutions A, B and C, Sample solution, and Identification solution 
Allow the spots to dry, position the plate in a chromatographic chamber, and develop
the chromatograms until the solvent front has moved about three-fourths of the length
of the plate. Remove the plate from the developing chamber, mark the solvent front,
and allow the solvent to evaporate. Examine the plate under short-wavelength UV light,
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and compare the intensities of any secondary spots observed in the chromatogram of
the Sample solution with those of the principal spots in the chromatograms of the
Standard solutions. [Note—Disregard any spots observed at the origins of the
chromatograms. ]

Acceptance criteria: No secondary spot from the chromatogram of the Sample solution is
larger or more intense than the principal spot obtained from Standard solution A (NMT
0.5%), and the sum of the intensities of all secondary spots obtained from the Sample
solution corresponds to NMT 1.0%.

Add the following:
•  Organic Impurities

Buffer:  Dissolve 6.8 g of monobasic potassium phosphate in 700 mL of water. Add 0.2 mL
of N,N-dimethyloctylamine, and adjust with dilute phosphoric acid to a pH of 4.0. Dilute
with water to 1000 mL.

Mobile phase:  Acetonitrile and Buffer (250:1000)
Standard stock solution:  0.1 mg/mL each of USP Metoclopramide Hydrochloride RS, USP

Metoclopramide Related Compound A RS, USP Metoclopramide Related Compound B RS,
and USP Metoclopramide Related Compound D RS in Mobile phase

Standard solution:  2.0 µg/mL each of USP Metoclopramide Hydrochloride RS, USP
Metoclopramide Related Compound A RS, USP Metoclopramide Related Compound B RS,
and USP Metoclopramide Related Compound D RS in Mobile phase from the Standard stock
solution

Sample solution:  1.0 mg/mL of Metoclopramide Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  At least 8 times the retention time of the metoclopramide peak

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.0 for metoclopramide related compound A and metoclopramide
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each of metoclopramide related compounds A, B, and D in the
portion of Metoclopramide Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the relevant metoclopramide related compound from the Sample
solution

rS= peak response of the relevant metoclopramide related compound from the Standard
solution

CS= concentration of the relevant USP Metoclopramide Related Compound RS in the
Standard solution (mg/mL)
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CU= concentration of Metoclopramide Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Metoclopramide
Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of metoclopramide from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution

(mg/mL)
CU= concentration of Metoclopramide Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

N-Acetylmetoclopramide (metoclopramide related compound
A)a 0.8 0.15

Metoclopramide 1.0 —
Methyl 4-acetamido-2-methoxybenzoate (metoclopramide

related compound D) 2.4–2.7 0.15
N-Acetyl methyl ester analog (metoclopramide related

compound B)b 5.2–6.7 0.15
Any other individual impurity — 0.10
Total impurities — 0.50

a  4-Acetamido-5-chloro-N-[2-(diethylamino)ethyl]-2-methoxybenzamide. 
b  Methyl 4-acetamido-5-chloro-2-methoxybenzoate. 

SPECIFIC TESTS

•  Water Determination, Method I 921 : 4.5%–6.0%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at room temperature.

Change to read:

•  USP Reference Standards 11
USP Metoclopramide Hydrochloride RS 
USP Metoclopramide Related Compound A 

N-Acetylmetoclopramide. 
4-Acetamido-5-chloro-N-[2-(diethylamino)ethyl]-2-methoxybenzamide. 
C16H24ClN3O3      341.83

USP Metoclopramide Related Compound B 
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N-Acetyl methyl ester analog. 
Methyl 4-acetamido-5-chloro-2-methoxybenzoate. 
C11H12ClNO4      257.67

USP Metoclopramide Related Compound D 
Methyl 4-acetamido-2-methoxybenzoate. 
C11H13NO4      223.23

BRIEFING

Metoprolol Tartrate, USP 35 page 3899. As a part of USP monograph modernization, the
titration-based Assay and thin-layer chromatography-based test for Organic Impurities are
replaced with a stability-indicating liquid chromatographic procedure. The liquid
chromatographic procedure for the Assay is based on analyses performed using the 5-µm
Zorbax Eclipse XDB C8 brand of L7 column. The liquid chromatographic procedure in the test
for Organic Impurities is based on analyses performed using the 5-µm Zorbax SB brand of L7
column. The typical retention time for metoprolol is about 7.7 min. The elution order of
metoprolol related compound C and metoprolol related compound B is about 5.2 and 5.9 min,
respectively, using the Zorbax SB brand of column and may reverse depending on the type
and brand of L7 column used. Accordingly, it is proposed to add a second Identification test
based on an HPLC retention time match and to update the Definition from NLT 99.0% and
NMT 101.0% to NLT 98.0% and NMT 102.0%, which is typical for chromatographic
procedures. The required reference standards for the new procedures are included in the
USP Reference Standards section.

(SM2: S. Ramakrishna.)
Correspondence Number—C109664; C109903

Comment deadline: March 31, 2013
Metoprolol Tartrate

(C15H25NO3)2·C4H6O6       684.81 

2-Propanol, 1-[4-(2-methoxyethyl)phenoxy]-3-[(1-methylethyl)amino]-, (±)-, [R-(R*,R*)]-2,3-
dihydroxybutanedioate (2:1) (salt);      
(±)-1-(Isopropylamino)-3-[p-(2-methoxyethyl)phenoxy]-2-propanol l-(+)-tartrate (2:1)
(salt);     
1-(Isopropylamino)-3-[p-(2-methoxyethyl)phenoxy]-2-propanol (2:1) dextro-tartrate salt    
[56392-17-7].

DEFINITION

Change to read:

Metoprolol Tartrate contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of metoprolol tartrate [(C15H25NO3)2·C4H6O6], calculated on the dried basis.

IDENTIFICATION

Change to read:
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•  
A.

Infrared Absorption 197M

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  280 mg of Metoprolol Tartrate in 20 mL of glacial acetic acid
Analysis:  Titrate the Sample solution with 0.1 N perchloric acid VS, using a glass

electrode and a calomel electrode containing glacial acetic acid saturated with lithium

chloride (see Titrimetry 541 ). Perform a blank determination, and make any
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 34.24 mg of
(C15H25NO3)2·C4H6O6.

Acceptance criteria:  99.0%–101.0% on the dried basis
[

Note—Use all solutions within 48 h.]
Buffer:  1.3 g/L of sodium dodecyl sulfate in 0.1% (w/v) phosphoric acid
Mobile phase:  Acetonitrile and Buffer (400:600)
Standard solution:  1 mg/mL of USP Metoprolol Tartrate RS in Mobile phase
Sample solution:  1 mg/mL of Metoprolol Tartrate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 223 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2
Relative standard deviation:  NMT 0.7%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of metoprolol tartrate [(C15H25NO3)2·C4H6O6] in the portion of
sample taken:

Result = (rU/rS) × (CS/CU) × 100

ru= peak response of metoprolol from the Sample solution
rS= peak response of metoprolol from the Standard solution
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CS= concentration of USP Metoprolol Tartrate RS in the Standard solution (mg/mL)
CU= concentration of Metoprolol Tartrate in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method I 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

Standard stock solution:  1.0 mg/mL of USP Metoprolol Tartrate RS in methanol
Standard solution A:  0.5 mg/mL of USP Metoprolol Tartrate RS from the Standard stock

solution in methanol
Standard solution B:  0.2 mg/mL of USP Metoprolol Tartrate RS from the Standard stock

solution in methanol
Standard solution C:  0.1 mg/mL of USP Metoprolol Tartrate RS from the Standard stock

solution in methanol
Sample solution:  100 mg/mL of Metaprolol Tartrate in methanol
Solution A:  10 mg/mL solution of potassium iodide. [Note—Prepare just before use.]
Solution B:  Triturate 3 g in 10 mL of cold water and add 90 mL of boiling water with

constant stirring. [Note—Prepare just before use.]
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Spray reagent:  Alcohol, Solution A, and Solution B (3:10:10)
Application volume:  5 µL
Developing solvent system:  Chloroform, methanol, and ammonium hydroxide (80:15:2)
Chamber:  Line a suitable chamber with absorbent paper, and add 250 mL of Developing

solvent system into the chamber. Saturate the chamber for 1.5 h before use.
Analysis 

Samples:  Standard stock solution, Standard solution A, Standard solution B, Standard
solution C, and Sample solution

Proceed as directed in the chapter. Allow the chromatogram to develop until the solvent
front has moved about three-fourths of the length of the plate. Remove the plate, and
dry in a current of warm air until the odor of ammonia is no longer perceptible (45 min).
Place a beaker containing 0.5 g of potassium permanganate in a chamber. Add 5 mL of 6
N hydrochloric acid to the beaker, and allow to equilibrate for 5 min. Place the plate in
the chamber for 5 min. Remove the plate from the chamber, allow to stand in a current
of cool air for 1 h, and spray with Spray reagent. If spots other than the principal spot
are observed in the lane of the Sample solution, estimate the concentration of each by
comparison with the Standard stock solution and Standard solutions A, B, and C.

Acceptance criteria 
Individual impurities:  The spots from the 1.0-, 0.5-, 0.2-, and 0.1-mg/mL Standard

solutions correspond to 1.0%, 0.5%, 0.2%, and 0.1% of impurities.
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Total impurities:  NMT 1.0%
[

Note—Use all solutions within 48 hrs.]
Buffer, Mobile phase, Sample solution, and Chromatographic system:  Proceed as

directed in the Assay.
System suitability solution:  5 µg/mL each of USP Metoprolol Tartrate RS, USP Metoprolol

Related Compound A RS, USP Metoprolol Related Compound B RS, and USP Metoprolol
Related Compound C RS in Mobile phase

Standard solution:  1 µg/mL each of USP Metoprolol Tartrate RS, USP Metoprolol Tartrate
Related Compound A RS, USP Metoprolol Tartrate Related Compound B RS, USP
Metoprolol Tartrate Related Compound C RS, and USP Metoprolol Tartrate Related
Compound D RS in Mobile phase

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between metoprolol related compound A and metoprolol related
compound B; NLT 2.5 between metoprolol related compound B and metoprolol related
compound C, System suitability solution

Relative standard deviation:  NMT 5.0% for the metoprolol peak, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity in the Sample solution
rS= peak response of the corresponding metoprolol related compound or metoprolol (for

calculating any individual unspecified impurity) in the Standard solution
CS= concentration of the corresponding USP Metoprolol Related Compound RS or USP

Metoprolol Tartrate RS (for calculating any individual unspecified impurity) in the
Standard solution (mg/mL)

CU= concentration of Metoprolol Tartrate in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Metoprolol related compound Ca 0.65 0.10

Metoprolol related compound Bb 0.72 0.10

Metoprolol related compound Ac 0.83 0.10

Metoprolol 1.00 —
Metoprolol related compound Dd,e 4.78/5.00 0.10

Any individual unspecified impurity — 0.10
Total impuritiesf — 0.3
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a  ±4-[2-Hydroxy-3-(1-isopropyl)aminopropoxy]benzaldehyde). 
b  ±1-Chloro-2-hydroxy-3-[4-(2-methoxyethyl)phenoxy]-propane. 
c  ±1-(Ethylamino)-3-[4-(2-methoxyethyl)phenoxy]-propan-2-ol. 
d  ±N,N-bis-[2-Hydroxy-3-[4-(2-methoxyethyl)phenoxy]propyl](1-methylethyl)amine

hydrochloride. 
e  The sum of the peak responses of the two diastereomers is used to calculate the

amount of metoprolol related compound D. 
f  Disregard any peak due to tartaric acid at about RRT 0.17. 

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  20 mg/mL in water

Acceptance criteria:  +6.5  to +10.5  (t = 20 )

•  pH 791
Sample solution:  100 mg/mL of Metoprolol Tartrate in water
Acceptance criteria:  6.0–7.0

•  Loss on Drying 731

Sample solution:  Dry a sample in a vacuum at 60  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled

room temperature.

•  USP Reference Standards 11
USP Metoprolol Tartrate RS 
USP Metoprolol Related Compound A RS  

±1-(Ethylamino)-3-[4-(2-methoxyethyl)phenoxy]-propan-2-ol. 
C14H23NO3       253.34

USP Metoprolol Related Compound B RS 
±1-Chloro-2-hydroxy-3-[4-(2-methoxyethyl)phenoxy]-propane. 
C12H17ClO3       244.71

USP Metoprolol Related Compound C RS 
±4-[2-Hydroxy-3-(1-isopropyl)aminopropoxy]benzaldehyde. 
C13H19NO3       237.29

USP Metoprolol Related Compound D RS 
±N,N-bis-[2-Hydroxy-3-[4-(2-methoxyethyl)phenoxy]propyl](1-methylethyl)amine
hydrochloride. 
C27H41NO6       512.08

BRIEFING

Niacin, USP 35 page 4042. As part of the USP monograph modernization effort, it is proposed to
replace the UV Assay with an HPLC Assay, and to replace the TLC test for Ordinary

Impurities 466  with the HPLC test for Related Compounds. The proposed HPLC
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procedures in the Assay and in the test for Related Compounds are based on analyses
performed with the Merck Kga Purospher Star brand of L8 column. The typical retention
times for pyridine, 6-hydroxynicotinic acid, and niacin are 1.5 min, 5.7 min, and 8.3 min,
respectively.

(DS: H. Dinh.)
Correspondence Number—C124545

Comment deadline: March 31, 2013
Niacin

C6H5NO2       123.11 

3-Pyridinecarboxylic acid;     
Nicotinic acid     [59-67-6].

DEFINITION

Change to read:

Niacin contains NLT 99.0%
98.0%

and NMT 101.0%
102.0%

of niacin (C6H5NO2), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

•  B. Ultraviolet Absorption 197U
Wavelength range:  200–300 nm
Sample solution:  20 µg/mL in Buffer solution prepared as directed in the Assay
Acceptance criteria:  It meets the requirements in the chapter. The A237/A262 ratio is

0.46–0.50.

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
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•  Procedure
Buffer solution:  Dissolve 6.8 g of monobasic potassium phosphate in 1000 mL of water.

Adjust with 50% sodium hydroxide solution to a pH of 7.0.
Standard solution:  0.02 mg/mL of USP Niacin RS in Buffer solution
Sample solution:  0.02 mg/mL of Niacin in Buffer solution
Blank:  Buffer solution
Instrumental conditions 

(See Spectrophotometry and Light-Scattering 851 .)

Mode:  UV-Vis
Analytical wavelength:  262 nm
Cell:  1 cm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Determine the absorbances of the solutions against the Blank.

Calculate the percentage of niacin (C6H5NO2) in the portion of Niacin taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Niacin RS in the Standard solution (µg/mL)
CU= concentration of Niacin in the Sample solution (µg/mL)

Acceptance criteria:  99.0%–101.0% on the dried basis
Diluent:  Methanol and water (82:18)
Mobile phase:  Methanol and water (82:18), adjusted with glacial acetic acid to a pH of

3.15 ± 0.05
System suitability solution:  0.25 mg/mL of USP Niacin RS, 0.050 mg/mL of USP 6-

Hydroxynicotinic Acid RS, and 0.10 mg/mL of pyridine in Diluent
Standard solution:  0.25 mg/mL of USP Niacin RS in Diluent
Sample solution:  0.25 mg/mL of Niacin in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 15-cm; 5-µm packing L8
Flow rate:  1.0 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.5 between pyridine and 6-hydroxynicotinic acid, and NLT 1.5
between 6-hydroxynicotinic acid and niacin, System suitability solution

Relative standard deviation:  NMT 2.0% for replicate injections, Standard solution
Analysis 
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Samples:  Standard solution and Sample solution

Calculate the percentage of niacin (C6H5NO2) in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of niacin from the Sample solution
rS= peak response of niacin from the Standard solution
CS= concentration of USP Niacin RS in the Standard solution (mg/mL)
CU= concentration of Niacin in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221
Standard:  0.15 mL of 0.020 N hydrochloric acid
Sample:  0.50 g of Niacin
Acceptance criteria:  NMT 0.02%

•  Chloride and Sulfate, Sulfate 221
Standard:  0.10 mL of 0.020 N sulfuric acid
Sample:  0.50 g of Niacin
Acceptance criteria:  NMT 0.02%

•  Heavy Metals, Method I 231
Test preparation:  Mix 1 g with 4 mL of 1 N acetic acid, and dilute with water to 25 mL.

Heat gently until solution is complete, and cool.
Acceptance criteria:  NMT 20 ppm

Delete the following:

•  Ordinary Impurities 466
Standard solutions and Test solution: Use water as the solvent.
Eluant: A mixture of methanol and 0.1 N hydrochloric acid (9:1)
Visualization: 1
Analysis: Proceed as directed in the chapter.
Acceptance criteria: NMT 2.0% of total ordinary impurities

Add the following:
•  Related Compounds

Diluent, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of the sample taken:

Result = (rU/rT) × 100

rU= peak response of each impurity
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rT= sum of the responses of all the peaks
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Pyridine 0.14 0.2
6-Hydroxynicotinic acid 0.64 0.2
Niacin 1.0 —
Any unspecified impurity — 0.1
Total impurities — 1.0

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 1 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP 6-Hydroxynicotinic Acid RS 

USP Niacin RS 

BRIEFING

Nimodipine, USP 36 page 4514. As part of the USP monograph modernization effort, the
titration-based Assay procedure is replaced by a stability-indicating liquid chromatographic
procedure. The acceptance criteria in the Definition is revised in accordance with the
proposed chromatographic test procedure for the Assay analysis. The liquid chromatographic
procedure for the Assay is based on analyses performed using the 5-µm Waters Symmetry-
C18 column of L1 packing. The typical retention time for nimodipine is about 12.5 min.

(SM2: S. Ramakrishna.)
Correspondence Number—C120149

Comment deadline: March 31, 2013
Nimodipine

C21H26N2O7       418.44 

3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-, 2-methoxyethyl 1-
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methylethyl ester;     
Isopropyl 2-methoxyethyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5-
pyridinedicarboxylate     [66085-59-4].

DEFINITION

Change to read:

Nimodipine contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0%

of nimodipine (C21H26N2O7), calculated on the dried basis.
[Note—Throughout the following procedures, protect samples, the Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the Sample solution corresponds to that of Standard solution A, as

obtained in the test for Organic Impurities.

ASSAY

Change to read:
•  Procedure

Sample:  180 mg of Nimodipine
Analysis:  Transfer the Sample to a 10-mL beaker. Dissolve, with gentle heating, by

stirring in a mixture of 25 mL of tertiary butyl alcohol and 25 mL of perchloric acid TS,
and add 0.1 mL of ferroin TS. Titrate with 0.1 N ceric sulfate VS. Perform a blank

determination, and make any necessary correction (see Titrimetry 541 ). Each mL of
0.1 N ceric sulfate is equivalent to 20.92 mg of C21H26N2O7.
Mobile phase:  Methanol, tetrahydrofuran, and water (200:200:600)
Standard solution:  0.3 mg/mL of USP Nimodipine RS in Mobile phase prepared as

follows. Transfer a quantity of USP Nimodipine RS to a suitable volumetric flask,
dissolve in a volume of tetrahydrofuran equivalent to 10% of the total volume, and
dilute with Mobile phase to volume.

Sample solution:  0.3 mg/mL of Nimodipine in Mobile phase prepared as follows. Transfer
a quantity of Nimodipine to a suitable volumetric flask, dissolve in a volume of
tetrahydrofuran equivalent to 10% of the total volume, and dilute with Mobile phase to
volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 12.5-cm; 5-µm packing L1

Temperature:  40
Flow rate:  2 mL/min
Injection volume:  20 µL
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System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.7%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of nimodipine (C21H26N2O7) in the portion of Nimodipine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of nimodipine from the Sample solution
rS= peak response of nimodipine from the Standard solution
CS= concentration of USP Nimodipine RS in the Standard solution (mg/mL)
CU= concentration of Nimodipine in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

Mobile phase and Chromatographic system:  Proceed as directed in the Assay.
Standard stock solution A:  1.6 mg/mL of USP Nimodipine RS in Mobile phase prepared as

follows. Transfer a quantity of USP Nimodipine RS to a suitable volumetric flask, dissolve in
a volume of tetrahydrofuran equivalent to 10% of the total volume, and dilute with Mobile
phase to volume.

Standard stock solution B:  0.8 mg/mL each of USP Nimodipine RS and USP Nimodipine
Related Compound A RS in Mobile phase prepared as follows. Transfer quantities of USP
Nimodipine RS and USP Nimodipine Related Compound A RS to a suitable volumetric flask,
dissolve in a volume of tetrahydrofuran equivalent to 10% of the total volume, and dilute
with Mobile phase to volume.

Standard solution A:  3.2 µg/mL of USP Nimodipine RS from Standard stock solution A in
Mobile phase

Standard solution B:  1.6 µg/mL each of USP Nimodipine RS and USP Nimodipine Related
Compound A RS from Standard stock solution B in Mobile phase

Sample solution:  1.6 mg/mL of Nimodipine prepared as follows. Dissolve 40 mg of
Nimodipine in 2.5 mL of tetrahydrofuran, and dilute with Mobile phase to 25 mL.

System suitability 
Sample:  Standard solution B
[Note—The relative retention times for nimodipine related compound A and nimodipine are

about 0.9 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between nimodipine related compound A and nimodipine
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Calculate the percentage of nimodipine related compound A in the portion of Nimodipine
taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of nimodipine related compound A from the Sample solution
rS= peak response of nimodipine related compound A from Standard solution B
CS= concentration of USP Nimodipine Related Compound A RS in Standard solution B

(µg/mL)
CU= concentration of Nimodipine in the Sample solution (µg/mL)

Acceptance criteria:  NMT 0.1% of nimodipine related compound A

Calculate the percentage of any other impurity in the portion of Nimodipine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of nimodipine from Standard solution A
CS= concentration of USP Nimodipine RS in Standard solution A (µg/mL)
CU= concentration of Nimodipine in the Sample solution (µg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.2% of any other impurity
Total impurities:  NMT 0.5%

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  50 mg/mL in acetone

Acceptance criteria:  10  to +10

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature.

•  USP Reference Standards 11
USP Nimodipine RS 
USP Nimodipine Related Compound A RS  

2-Methoxyethyl-1-methylethyl-2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-
dicarboxylate.     
C21H24N2O7       416.42

BRIEFING

Oxygen, USP 35 page 4179. The revision proposal published in PF 35(4) page 861 is canceled
and replaced with the following proposal.

1. Replace Identification test A with a specific, selective, and positive identification test
based on the paramagnetic signal due to the presence of oxygen.

2. Replace Identification test B with Acceptance criteria agreement in the Assay to ensure
that the article complies with both identification and strength.
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3. Revise the Assay to use the specific and selective paramagnetic oxygen measurement

technique that is described in the general chapter Medical Gases Assay 415 .
4. Revise the Impurities section to include a reference to the general chapter Impurities

Testing in Medical Gases 413 . Also revise the specific tests to be consistent with
the general chapter.

5. Revise the Packaging and Storage section to be consistent with gas manufacturers'
storage practices.

6. Revise the Labeling section to be consistent with the proposed Packaging and Storage
section revision.

7. Delete the test for Odor to be consistent with the USP monograph modernization
initiative, because the test presents a safety concern. According to General Notices
8.120, Odor, “An odor designation is descriptive only and should not be regarded as
a standard of purity for a particular lot of an article.“ The monograph contains
sufficient tests to ensure identity, quality, and purity of the material.

(SM4: R. Ravichandran.)
Correspondence Number—C117320

Comment deadline: March 31, 2013
Oxygen

Change to read:
O2       32.00 

Oxygen;

Oxygen    
[7782-44-7].

DEFINITION

Oxygen contains NLT 99.0% of oxygen (O2) by volume.

IDENTIFICATION

Change to read:
•  A. When tested as directed in the Assay, NMT 1.0 mL of gas remains.
The paramagnetic signal exhibited by the Sample gas in the Assay confirms the presence of

oxygen.

Change to read:
•  B.

Analysis:  Pass 100 ± 5 mL released from the vapor phase of the contents of the Oxygen
container through a carbon dioxide detector tube at the rate specified for the tube.

Acceptance criteria:  No color change is observed (distinction from carbon dioxide).
 The Sample gas in the Assay meets the Acceptance criteria.

ASSAY
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Change to read:
•  Procedure

Sample:  Oxygen
Analysis:  Place a sufficient quantity of ammonium chloride–ammonium hydroxide solution,

prepared by mixing equal volumes of water and ammonium hydroxide and saturating with
ammonium chloride at room temperature, in a test apparatus composed of a calibrated
100-mL buret, provided with a two-way stopcock, a gas absorption pipet, and a leveling
bulb, both of suitable capacity and all suitably interconnected. Fill the gas absorption
pipet with metallic copper in the form of wire coils, wire mesh, or other suitable
configuration. Eliminate all gas bubbles from the liquid in the test apparatus. Activate the
test solution by performing two or three tests that are not for record purposes. Fill the
calibrated buret, all interconnecting tubing, both stopcock openings, and the intake tube
with liquid. Draw 100.0 mL of Sample into the buret by lowering the leveling bulb. Open
the stopcock to the absorption pipet, and force the Sample into the absorption pipet by
raising the leveling bulb. Agitate the pipet to provide frequent and intimate contact of
the liquid, gas, and copper. Continue agitation until no further diminution in volume
occurs. Draw the residual gas back into the calibrated buret, and measure its volume.

Acceptance criteria:  NMT 1.0 mL of gas remains.

The certified standards called for in the following test are listed under Reagents, Indicators,
and Solutions.
Zero gas:  Nitrogen certified standard
Span gas:  Oxygen certified standard
Sample gas:  Oxygen under test

Mode:  Paramagnetic oxygen measurement (see Medical Gases Assay 415 )
Analysis:  Determine the concentration of oxygen in percentage by volume in Oxygen

using a suitable paramagnetic analyzer.
Acceptance criteria:  NLT 99.0% by volume

IMPURITIES

Add the following:

See Impurities Testing in Medical Gases Assay 413 . The detector tubes called for in the
following tests are listed under Reagents, Indicators, and Solutions. If the label indicates that
Oxygen is produced by air-liquefaction process, then the Impurities tests are not required.

Change to read:
•  Limit of Carbon Monoxide

Sample:  1000 ± 50 mL of Oxygen
Analysis:  Pass the Sample through a carbon monoxide detector tube at the rate specified

for the tube.
Acceptance criteria:  The indicator change corresponds to NMT 0.001%.

Sample:  Detector tube manufacturer's recommended volume ±5% of Oxygen
Analysis:  Pass the Sample through a carbon monoxide detector tube at the rate

specified for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 10 ppm
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SPECIFIC TESTS

Delete the following:
•  Odor

Sample: Oxygen
Analysis: Carefully open the container valve to produce a moderate flow of gas. Do not

direct the gas stream toward the face, but deflect a portion of the stream toward the
nose.

Acceptance criteria: No appreciable odor is discernible.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in cylinders or in a pressurized storage tank. Containers

used for Oxygen must not be treated with any toxic, sleep-inducing, or narcosis-producing
compounds, and must not be treated with any compound that will be irritating to the
respiratory tract when the Oxygen is used. [Note—Reduce the container pressure by
means of a regulator. Measure the gases with a gas volume meter downstream from the
detector tube to minimize contamination or change of the specimens.]

Preserve in pressurized containers. Container connections shall be appropriate for Oxygen.
Adaptors shall not be used to connect containers to patient-use supply system piping or
equipment.

Change to read:
•  Labeling: Label it to indicate whether it has been produced by the air-liquefaction process.

Where it is piped directly from the cylinder or storage tank to the point of use, label each
outlet “Oxygen”.

Label states if Oxygen was produced by the air-liquefaction process. Where it is piped directly
from the cylinder or storage tank to the patient point of use, label each outlet “Oxygen”.

BRIEFING

Oxygen 93 Percent, USP 35 page 4180. The revision proposal published on page 862 of PF
35(4) [July–Aug. 2009] is canceled and replaced with the following proposal:

1. Replace Identification test A with a specific, selective, and positive identification test
based on the paramagnetic signal due to the presence of oxygen.

2. Replace Identification test B with an Assay acceptance criterion agreement to ensure
that the article complies with both identification and strength.

3. Revise the Assay to use the specific and selective paramagnetic oxygen measurement

technique which is described in the general chapter Medical Gases Assay 415 .
4. Revise the Impurities section to include reference to the general chapter Impurities

Testing in Medical Gases 413 . Also revise the specific tests to be consistent with
the general chapter.

5. Revise the Packaging and Storage section to be consistent with gas manufacturers'
storage practices.

6. Revise the Labeling section to be consistent with the proposed Packaging and Storage
section revision.

7. Delete the test for Odor to be consistent with the USP monograph modernization
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initiative, because it presents a safety concern. According to General Notices 8.120,
Odor, “An odor designation is descriptive only and should not be regarded as a
standard of purity for a particular lot of an article.“ The monograph contains
sufficient tests to ensure identity, quality, and purity of the material.

(SM4: R. Ravichandran.)
Correspondence Number—C117321

Comment deadline: March 31, 2013
Oxygen 93 Percent

DEFINITION

Oxygen 93 Percent is Oxygen produced from air by the molecular sieve process. It contains NLT
90.0% and NMT 96.0% by volume of oxygen (O2), the remainder consisting mostly of argon and
nitrogen.

IDENTIFICATION

Change to read:
•  A. When tested as directed in the Assay, NMT 10.0 mL and NLT 4.0 mL of gas remain.
The paramagnetic signal exhibited by the Sample gas in the Assay confirms the presence of

oxygen.

Change to read:
•  B.

Analysis:  Pass 100 ± 5 mL released from the vapor phase of the contents of the Oxygen
93 Percent container or from the outlet at the point of use through a carbon dioxide
detector tube at the rate specified for the tube.

Acceptance criteria:  No color change is observed (distinction from carbon dioxide).
 The Sample gas in the Assay meets the assay Acceptance criteria.

ASSAY

Change to read:
•  Procedure

Analysis:  Place a sufficient quantity of ammonium chloride–ammonium hydroxide solution,
prepared by mixing equal volumes of water and ammonium hydroxide and saturating with
ammonium chloride at room temperature, in a test apparatus composed of a calibrated
100-mL buret, provided with a two-way stopcock, a gas absorption pipet, and a leveling
bulb, both of suitable capacity and all suitably interconnected. Fill the gas absorption
pipet with metallic copper in the form of wire coils, wire mesh, or other suitable
configuration. Eliminate all gas bubbles from the liquid in the test apparatus. Activate the
test solution by performing two or three tests that are not for record purposes. Fill the
calibrated buret, all interconnecting tubing, both stopcock openings, and the intake tube
with liquid. Draw 100.0 mL of Oxygen 93 Percent into the buret by lowering the leveling
bulb. Open the stopcock to the absorption pipet, and force the Oxygen 93 Percent into
the absorption pipet by raising the leveling bulb. Agitate the pipet to provide frequent
and intimate contact of the liquid, gas, and copper. Continue agitation until no further
diminution in volume occurs. Draw the residual gas back into the calibrated buret, and
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measure its volume.
Acceptance criteria:  NMT 10.0 mL and NLT 4.0 mL of gas remain.

The certified standards called for in the following test are listed in Reagents, Indicators, and
Solutions.
Zero gas:  Nitrogen certified standard
Span gas:  93% Oxygen certified standard
Sample gas:  Oxygen 93 Percent under test

Mode:  Paramagnetic oxygen measurement (see Medical Gases Assay 415 )
Analysis:  Determine the concentration of oxygen in percentage by volume in Oxygen 93

Percent using a suitable paramagnetic analyzer.
Acceptance criteria:  90.0%–96.0% oxygen by volume

IMPURITIES

Add the following:

See Impurities Testing in Medical Gases Assay 413 . The detector tubes called for in the
following tests are listed in Reagents, Indicators, and Solutions.

Change to read:
•  Carbon Dioxide

Sample:  Oxygen 93 percent
Analysis:  Pass 1000 ± 50 mL through a carbon dioxide detector tube at the rate specified

for the tube.
Acceptance criteria:  The indicator change corresponds to NMT 0.03%.

Sample:  Detector tube manufacturer's recommended volume ±5% of Oxygen 93 Percent
Analysis:  Pass the Sample through a carbon dioxide detector tube at the rate specified

for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 300 ppm

Change to read:
•  Carbon Monoxide

Sample:  Oxygen 93 percent
Analysis:  Pass 1000 ± 50 mL through a carbon monoxide detector tube at the rate

specified for the tube.
Acceptance criteria:  The indicator change corresponds to NMT 0.001%.

Sample:  Detector tube manufacturer's recommended volume ±5% of Oxygen 93 Percent
Analysis:  Pass the Sample through a carbon monoxide detector tube at the rate

specified for the tube by the detector tube manufacturer.
Acceptance criteria:  NMT 10 ppm

SPECIFIC TESTS

Delete the following:
•  Odor

Analysis: Carefully open the container valve or system outlet to produce a moderate flow
of gas. Do not direct the gas stream toward the face, but deflect a portion of the stream
toward the nose.
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Acceptance criteria: No appreciable odor is discernible.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in cylinders or in a low pressure collecting tank.

Containers used for Oxygen 93 Percent must not be treated with any toxic, sleep-inducing,
or narcosis-producing compounds, and must not be treated with any compound that will be
irritating to the respiratory tract when the Oxygen 93 Percent is used.

Preserve in pressurized containers. Container connections shall be appropriate for Oxygen 93
Percent. Adaptors shall not be used to connect containers to patient use supply system
piping or equipment.

Change to read:
•  Labeling: Where it is piped directly from the collecting tank to the point of use, label each

outlet “Oxygen 93 Percent”. Where it is preserved in cylinders, reduce the pressure by
means of a regulator. Measure the gases with a gas volume meter downstream from the
detector tube to minimize contamination or change of the specimens. [Note—The various
detector tubes called for in the respective tests are listed under Reagents, Indicators, and
Solutions—Reagents.]

If Oxygen 93 Percent is piped from a remote location to the patient point of use, label each
outlet “Oxygen 93 Percent.”

BRIEFING

Pectin, USP 35–NF 30 page 4228. On the basis of data and comments received, it is proposed
to revise the monograph as follows:

1. Replace the USP Alcohol RS in the test for Methanol (Methyl Alcohol), Ethanol (Alcohol),
and Isopropanol (2-Propanol) with a reagent grade of alcohol to perform the test.

2. In the USP Reference Standards section, delete the USP Alcohol RS.

(EXC: H. Wang.)
Correspondence Number—C121776

Comment deadline: March 31, 2013
Pectin

Pectin     [9000-69-5].

DEFINITION

Pectin is a purified carbohydrate polymer consisting mainly of a linear backbone of partially
methoxylated alpha (1-4) linked d-galacturonic acid. It is obtained from the dilute acid extract
of the rind of citrus fruits or from apple pomace. No organic solvents other than methanol,
ethanol, and isopropanol are used during its production. Pectin yields NLT 74.0% of galacturonic
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acid (C6H10O7), calculated on the dried basis.
[Note—Commercial pectin for the production of jellied food products is standardized to the
convenient “150 jelly grade” by addition of dextrose or other sugars, and sometimes contains
sodium citrate or other buffer salts. This monograph refers to the pectin to which no such
additions have been made.]

IDENTIFICATION
•  Procedure

Sample stock solution:  Transfer a quantity of Pectin, equivalent to 0.05 g on the dried
basis, to a suitable container, and moisten with 250 µL of 2-propanol. Add 50 mL of water
to the container, and mix the solution using a magnetic stirrer. Use 0.5 N sodium hydroxide
to adjust the pH of the solution to 12, stop the stirrer, and allow the solution to stand
undisturbed at room temperature for 15 min. Adjust with 0.5 N hydrochloric acid to a pH of
7.0, and dilute with water to 100 mL.

Tris buffer solution:  Transfer 6.055 g of tris(hydroxylmethyl)aminomethane and 0.147 g of
calcium chloride (CaCl2·2H2O) to a 1000-mL volumetric flask containing 950 mL of water.
Adjust with 1 N hydrochloric acid to a pH of 7.0, and dilute with water to volume.

Enzyme solution:  Mix pectate lyase1 with Tris buffer solution to make a solution (1 in
100).

Sample blank:  Mix 0.5 mL of Tris buffer solution, 1.0 mL of Sample stock solution, and 1.0
mL of water in a quartz cuvette.

Enzyme blank:  Mix 0.5 mL of Tris buffer solution, 1.5 mL of water, and 0.5 mL of Enzyme
solution in a quartz cuvette.

Sample solution:  Mix 0.5 mL of Tris buffer solution, 1.0 mL of Sample stock solution, 0.5
mL of water, and 0.5 mL of Enzyme solution in a quartz cuvette.

Analysis 
Samples:  Sample blank, Enzyme blank, and Sample solution

Perform the test with the Samples using a suitable UV/visible spectrophotometer (see

Spectrophotometry and Light-Scattering 851 ) and using water as a blank. Measure
the absorbance at 235 nm immediately after mixing the solutions well, and record the
value at time 0 for the Enzyme blank, A0-EB; for the Sample blank, A0-TB; and for the
Sample solution, A0-TS. After incubation at room temperature for 10 min, determine the
absorbance again at 235 nm for the Enzyme blank, A10-EB; for the Sample blank, A10-TB;
and for the Sample solution, A10-TS. Calculate the corrected absorbance A0 at time 0 and
the corrected absorbance A10 at 10 min:

A0 = A0-TS  (A0-EB + A0-TB)

A10 = A10-TS  (A10-EB + A10-TB)

Calculate the quantity of unsaturated product produced:

Result = (A10  A0)/( 235 × L)

235
= molar extinction coefficient of the reaction product (4600 M-1·cm-1)

L = path length of the reaction cuvette, 1 cm

Acceptance criteria:  The amount of unsaturated product is NLT 0.5 × 10-5 M.
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ASSAY
•  Degree of Esterification

Sample:  5.0 g
Analysis:  Transfer the Sample to a suitable beaker, and stir for 10 min with a mixture of 5

mL of hydrochloric acid and 100 mL of 60% alcohol. Transfer to a sintered-glass filter (30-
to 60-mL crucible or Büchner type, coarse), and wash with six 15-mL portions of the
hydrochloric acid–60% alcohol mixture, followed by 60% alcohol until the filtrate is free

from chlorides. Finally wash with 20 mL of alcohol, dry for 1 h at 105 , cool, and weigh.
Transfer exactly one-tenth of the total net weight of the dried Sample (representing 500
mg of the original unwashed Sample) to a 250-mL conical flask, and moisten with 2 mL of
alcohol. Add 100 mL of carbon dioxide-free water, insert the stopper, and swirl
occasionally until the Pectin is completely dissolved. Add 5 drops of phenolphthalein TS,
and titrate with 0.1 N sodium hydroxide VS. Perform a blank determination, and make any
necessary correction. Record the results as the initial titer, VI (mL). Add 20.0 mL of 0.5 N
sodium hydroxide VS, insert the stopper, shake vigorously, and allow to stand for 15 min.
Add 20.0 mL of 0.5 N hydrochloric acid VS, and shake until the pink color disappears. Add
phenolphthalein TS, and titrate with 0.1 N sodium hydroxide VS to a faint pink color that
persists after vigorous shaking. Perform a blank determination, and make any necessary
correction. Record this value as the saponification titer, VS (mL). Calculate the degree of
esterification:

Result = [VS/(VI + VS)] × 100

VS= saponification titer (mL)
VI= initial titer (mL)
Acceptance criteria:  The value for Degree of Esterification is within the range stated on

the label.
•  Galacturonic Acid: Each mL of 0.1 N sodium hydroxide used in the total titration (the initial

titer added to the saponification titer) in the Assay for Degree of Esterification is
equivalent to 19.41 mg of C6H10O7. Calculate the percentage of galacturonic acid in the
portion of Pectin taken:

Result = 19.41 × [(VI + VS)/W] × 100

VI= initial titer (mL)
VS= saponification titer (mL)

W= weight of the original unwashed and dried Pectin taken to prepare the solution for titration
(mg)

Acceptance criteria:  NLT 74.0%
•  Methoxy Groups: Each mL of 0.1 N sodium hydroxide used in the saponification titer in the

Assay for Degree of Esterification is equivalent to 3.10 mg of –OCH3. Calculate the
percentage of methoxy groups in the portion of Pectin taken:

Result = 3.10 × (VS/W) × 100

VS= saponification titer (mL)
W= weight of the original unwashed and dried Pectin taken to prepare the solution for titration

(mg)
Acceptance criteria:  The percentage of methoxy groups is within the range stated on the

label.
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IMPURITIES

•  Arsenic, Method II 211 : NMT 3 ppm
•  Lead

Standard stock solution:  1000 µg/mL of lead. [Note—Use a commercially available
certified solution.]

Standard solution:  2 µg/mL of lead, prepared immediately before use by pipetting 0.10 mL
of Standard stock solution into a 50-mL volumetric flask containing 30 mL of water, 4 mL
of 20% hydrochloric acid, and 4 mL of 0.1 M EDTA. Dilute with water to volume, and mix.

Reference solution:  0.4 µg/mL of lead, prepared by pipetting 5.0 mL of the Standard
solution into a 25-mL volumetric flask containing 10 mL of water, 2 mL of 20% hydrochloric
acid, and 2 mL of 0.1 M EDTA. Dilute with water to volume, and mix.

Sample solution:  Transfer 2.0 g of Pectin to a clean, 100-mL glass beaker, add 25 mL of
70% nitric acid, cover with a watch glass, and heat at low to moderate heat on a hot
plate in a fume hood for 2 h. Remove the watch glass, and continue to heat until the
sample is dry with no visible fumes. Add 0.5 mL of 70% nitric acid, and heat to dryness.
Cool to room temperature, and add 2 mL of 20% hydrochloric acid and 2 mL of 0.1 M
EDTA. Quantitatively transfer the solution to a 25-mL volumetric flask, dilute with water
to volume, and mix.

Blank solution:  Add 30 mL of water, 4 mL of 20% hydrochloric acid, and 4 mL of 0.1 M
EDTA into a 50-mL volumetric flask. Dilute with water to volume, and mix.

Analysis:  Lead is determined using an inductively coupled plasma–atomic emission

spectrometer (ICP–AES) (see Plasma Spectrochemistry 730 ) by measuring the
emission at 220.35 nm with the settings optimized as directed by the manufacturer.
Instrument performance must be verified to conform to the manufacturer's specifications
for resolution and sensitivity. Before analyzing samples, the instrument must pass a
suitable performance check. Calibrate the instrument with the Blank solution and the
Standard solution. Then analyze the Reference solution and the Sample solution.

Acceptance criteria:  The concentration in the Sample solution is NMT that in the
Reference solution, corresponding to NMT 5 ppm of lead.

•  Sulfur Dioxide, Method V 525
Sample:  100 g
Analysis:  Suspend the Sample in 500 mL of methanol, then transfer this mixture to the

flask (C). Prepare a mixture of 20 mL of hydrochloric acid and 10 mL of water, and transfer
it to the separatory funnel (B). Add 10 mL of hydrogen peroxide solution to the vessel (G).
Perform the refluxing for 2 h before removing the vessel (G).

Acceptance criteria:  NMT 50 ppm
•  Sugars and Organic Acids

Sample:  1 g
Analysis:  Place the Sample in a 500-mL flask, moisten with 3–5 mL of alcohol, rapidly pour

in 100 mL of water, shake, and allow to stand until the solution is complete. To this
solution add 100 mL of alcohol containing 0.3 mL of hydrochloric acid, mix, and filter
rapidly. Measure 25 mL of the filtrate into a tared dish, evaporate the liquid on a steam

bath, and dry the residue in a vacuum oven at 50  for 2 h.
Acceptance criteria:  The weight of the residue does not exceed 20 mg, corresponding to

NMT 16% of sugars and organic acids.

Change to read:
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•  Methanol (Methyl Alcohol), Ethanol (Alcohol), and Isopropanol (2-Propanol)
[Note—Residual alcohols are volatile. They should be stored in a cool and dry place. When

preparing the Standard stock solution, Standard solutions, and Internal standard stock

solution for residual alcohols, mix thoroughly and keep the solutions at 20  when diluting
with water to volume.]

Internal standard stock solution:  5000 µg/mL of USP 2-Butanol RS. [Note—This solution

can be stored at 5 –8  for 3 months.]
Standard stock solution:  5000 µg/mL each for USP Methyl Alcohol RS, USP Alcohol RS,

and USP 2-Propanol RS
Use USP Methyl Alcohol RS, USP 2-Propanol RS, and alcohol to prepare a solution having
known concentrations of 5000 µg/mL each for methyl alcohol, 2-propanol, and alcohol.

Standard solution:  To a 250-mL volumetric flask add 2.5 mL of the Standard stock
solution and 2.5 mL of the Internal standard stock solution. Dilute with water to volume,
and mix. This solution contains 50 µg/mL each of USP Methyl Alcohol RS, USP Alcohol RS,
USP 2-Propanol RS, and USP 2-Butanol RS.
methyl alcohol, 2-propanol, and alcohol. 

[Note—This solution can be stored at 5 –8  for 3 months.] Transfer 1.0 g of this solution to
a 10-mL headspace vial.

Sample solution:  Transfer 1.0 g of Pectin and 5 g of sucrose to a stoppered 100-mL
Erlenmeyer flask containing 90 mL of water, add 1.0 mL of the Internal standard stock
solution, and dilute with water to 100 mL. Mix the solution using a magnetic stirrer.
Continue stirring until all of the Pectin has been completely dissolved; typically it takes
about 1–2 h. This solution contains 50 µg/mL of USP 2-Butanol RS. Transfer 1.0 g of this
solution to a 10-mL headspace vial.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  Headspace GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m capillary column; 1.8-µm layer of phase G43. [Note—An

alternative column such as a 0.32-mm × 25-m capillary column bonded with a 5-µm
layer of phase S3 can be used as long as the system suitability requirements are met.]

Temperatures 

Detector:  280

Column:  70

Injection port:  200
Carrier gas:  Nitrogen
Flow rate:  1.5 mL/min
Make up gas:  Nitrogen

Split flow rate:  30 mL/min
Injection volume:  1 mL (the gaseous headspace)
Injection type:  Split ratio 20:1
Balanced pressure automatic headspace sampler 

Equilibration time:  10 min

Equilibration temperature:  70

NF32

NF32
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Agitation speed:  500 rpm
Agitation on time:  5 s
Agitation off time:  90 s

Syringe temperature:  80
Syringe size:  2.5 mL
Fill speed:  100 µL/s
Pull-up delay:  2.0 s

GC run time:  10.5 min
[Note—These GC conditions should be optimized according to the instruments used.]
System suitability 

Sample:  Standard solution
[Note—See Table 1 for the relative retention times.]

Table 1

Component

Relative
Retention

Time

Methanol 0.5
Ethanol 0.6
2-Propanol 0.7
2-Butanol 1.0

Suitability requirements 
Resolution:  NLT 1.5, between each pair of analytes
Relative standard deviation:  NMT 10%, determined from each analyte

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methanol, ethanol, and 2-propanol in the portion of Pectin
taken:

Result = (RU/RS) × (CS/W) × F × V × 100

RU= internal standard ratio (peak response of the respective alcohol/peak response of the
internal standard) from the Sample solution

RS= internal standard ratio (peak response of the respective alcohol/peak response of the
internal standard) from the Standard solution

CS= concentration of the respective residual alcohol (methanol, ethanol, or 2-propanol) in
the Standard solution (µg/mL)

W= weight of Pectin taken to prepare the Sample solution (g)
F= conversion factor (10-6 g/µg)

V= volume of the Sample solution, 100 mL
Acceptance criteria:  NMT 1% for total methanol, ethanol, and isopropanol

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g, and the total combined molds and yeasts
count is NMT 102 cfu/g.

•  Loss on Drying 731
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Analysis:  Dry a sample at 105  for 3 h.
Acceptance criteria:  NMT 10.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store in a cool and dry place.
•  Labeling: Label it to indicate whether it is of apple or of citrus origin. Label it to indicate the

range of the degree of esterification and the range of the percentage of methoxy groups.
The labeling also indicates the presence of sulfur dioxide if the residual sulfur dioxide
concentration is greater than 10 ppm.

Change to read:

•  USP Reference Standards 11
USP Alcohol RS 

USP 2-Butanol RS 
USP Methyl Alcohol RS 
USP 2-Propanol RS 

1  A suitable pure enzyme is available from Megazyme International Ireland Ltd., Bray Business Park, Bray,
Co. Wicklow, Ireland (www.megazyme.com).

BRIEFING

Ropinirole Tablets, USP 35 page 4587. On the basis of comments received, a specified impurity
co-elutes with ropinirole when an official procedure is used, hence, a new procedure is
proposed, which is more selective as it is able to separate the specified impurities included in
the official procedure in addition to other specified impurities. The proposed liquid
chromatography procedure is based on validations performed with the XBridge C-18 brand of
L1 column manufactured by Waters corporation. In the proposed procedure, ropinirole elutes
at about 37 min.

(SM4: R. Ravichandran, D. Min.)
Correspondence Number—C111248

Comment deadline: March 31, 2013
Ropinirole Tablets

DEFINITION

Ropinirole Tablets contain ropinirole hydrochloride equivalent to NLT 90.0% and NMT 110.0% of
the labeled amount of ropinirole free base (C16H24N2O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  3.85 g/L of ammonium acetate. Adjust with phosphoric acid to a pH of 2.5.
Mobile phase:  Acetonitrile, methanol, and Buffer (7:3:40)

NF32
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System suitability solution:  0.1 mg/mL of USP Ropinirole Hydrochloride RS and 0.5 µg/mL
of USP Ropinirole Related Compound B RS in Buffer

Standard solution:  0.1 mg/mL of USP Ropinirole Hydrochloride RS in Buffer
Sample solution:  Nominally, 0.1 mg/mL of ropinirole in Buffer (from NLT 5 Tablets)

prepared as follows. Add 50% of the flask volume with Buffer. Shake mechanically for 30
min. Dilute with Buffer to volume. Pass a portion of the supernatant through a suitable
membrane filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  2 times the retention time of the ropinirole peak

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between ropinirole and ropinirole related compound B, System
suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of ropinirole (C16H24N2O) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Ropinirole Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of ropinirole in the Sample solution (mg/mL)
Mr1= molecular weight of ropinirole, 260.37
Mr2= molecular weight of ropinirole hydrochloride, 296.84
Acceptance criteria:  90.0%–110.0% of ropinirole free base

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  2.9 g/L of sodium citrate dihydrate and 3.3 g/L of anhydrous citric acid in
water, pH 4.0; 500 mL

Apparatus 1:  50 rpm
Time:  15 min
Mobile phase:  Acetonitrile and Medium (1:4)
Standard solution:  4.5 µg/mL of USP Ropinirole Hydrochloride RS in Medium
Sample solution:  Pass a portion of the solution through a suitable filter of 0.45-µm pore
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size, discarding the first few mL. Dilute with Medium to a concentration similar to the
Standard solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  3.0-mm × 7-cm; 5-µm packing L1
Flow rate:  0.6 mL/min
Injection volume:  50 µL
Run time:  3 times the retention time of the ropinirole peak

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of ropinirole (C16H24N2O) dissolved:

Result = (rU/rS) × (CS/L) × D × (Mr1/Mr2) × V × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ropinirole Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
D = dilution factor of the Sample solution
Mr1= molecular weight of ropinirole, 260.37
Mr2= molecular weight of ropinirole hydrochloride, 296.84
V = volume of Medium, 500 mL
Tolerances:  NLT 85% (Q) of the labeled amount of ropinirole is dissolved.

Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium:  2.1 g/L of citric acid in water. Adjust with a solution containing 121.2 g/L of tris

(hydroxymethyl)methylamine in water to a pH of 4.0 ± 0.1; 500 mL, deaerated.
Apparatus 1:  50 rpm
Time:  15 min
Standard solution:  L/500 (µg/mL) of USP Ropinirole Hydrochloride RS in Medium, in which

L is the label claim in mg/Tablet
Buffer and Mobile phase:  Prepare as directed in the Assay.
Sample solution:  Pass a portion of the solution through a polyethylene filter of 15- to

20-µm pore size, discarding the first few mL.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
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Flow rate:  1.0 mL/min
Injection volume:  200 µL for Tablets with a label claim of 0.25, 0.5, 1.0, and 2.0

mg/Tablet; 100 µL for all other strengths
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of ropinirole (C16H24N2O) dissolved:

Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Ropinirole Hydrochloride RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
Mr1= molecular weight of ropinirole, 260.37
Mr2= molecular weight of ropinirole hydrochloride, 296.84
V = volume of Medium, 500 mL
Tolerances:  NLT 80% (Q) of the labeled amount of ropinirole is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Solution A:  3.85 g/L of ammonium acetate. Adjust with phosphoric acid to a pH of 2.5.
Solution B:  Methanol and acetonitrile (3:7)
Mobile phase:  See the Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 84 16
16 84 16
36 20 80

36.1 84 16
51 84 16

System suitability solution:  0.1 mg/mL of USP Ropinirole Hydrochloride RS and 0.5 µg/mL
of USP Ropinirole Related Compound B RS in Buffer

Standard solution:  0.1 mg/mL of USP Ropinirole Hydrochloride RS in Buffer
Sample solution:  0.1 mg/mL of ropinirole in Buffer (from NLT 5 Tablets) prepared as

follows: Add 50% of the flask volume with Buffer. Shake mechanically for 30 min. Dilute
with Buffer to volume. Pass a portion of the supernatant through a suitable membrane
filter of 0.45-µm pore size.

Chromatographic system 
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(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 250 nm
Column:  4.6 mm × 25 cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between ropinirole and ropinirole related compound B, System
suitability solution

Relative standard deviation:  NMT 1.5%, Standard solution
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rT) × 100

rU= peak area for the individual impurity from the Sample solution
rT= sum of all peak areas from the Sample solution

Acceptance criteria See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Monopropyl ropinirolea 0.4 0.6

Ropinirole related compound Bb 0.9 0.6
Ropinirole 1.0 —

Propylidene ropinirolec 2.2 0.4
Any unspecified degradation product — 0.3
Total impurities — 2.0

a 4-[2-(Propylamino)ethyl]indolin-2-one.
b 4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.
c (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one.

Buffer:  1.8 g/L of dibasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 7.4.
Solution A:  Methanol and Buffer (20:80)
Solution B:  Methanol and Buffer (80:20)
Diluent:  Dissolve 5 g of sodium dodecyl sulfate in 800 mL of water. Adjust with

phosphoric acid or sodium hydroxide to a pH of 6.8. Add 200mL of methanol, and mix.
Mobile phase:   See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
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8 85 15
30 30 70
40 10 90
60 10 90

60.1 85 15
70 85 15

System suitability solution:  0.3 µg/mL of USP Ropinirole Hydrochloride RS in Diluent
and 0.5 µg/mL of USP Ropinirole Related Compound B RS in Diluent

Standard solution:  0.2 µg/mL of ropinirole prepared from USP Ropinirole Hydrochloride
RS in Diluent

Sample solution:  Nominally, 100 µg/mL of ropinirole from finely powdered Tablets (NLT
20) prepared as follows. Transfer a portion to a suitable size volumetric flask. Add 70%
of the flask volume with Diluent. Shake mechanically for 30 min. Dilute with Diluent to
volume. Pass a portion of the supernatant through a suitable membrane filter of 0.45-
µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between ropinirole and ropinirole related compound B, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

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

rU= peak area for the individual impurity from the Sample solution
rS= peak area from the Standard solution
CS= concentration of ropinirole in the Standard solution (µg/mL)
CU= nominal concentration of ropinirole in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Monopropyl ropinirolea 0.24 1.1 0.6

Ropinirole N-oxideb 0.27 1.0 0.5

Cyclopentanylindolinonec 0.55 1.0 0.5

Hydroxy ropiniroled 0.64 0.33 0.5
Ropinirole related compound B 0.95 1.4 0.6
Ropinirole 1.00 — —

Ethyl ropinirolee 1.20 — —

Propylidene ropinirolef 1.35 1.6 0.4
Any unspecified degradation product — 1.0 0.3
Total impurities — — 2.0

a  4-[2-(Propylamino)ethyl]indolin-2-one. 
b  4-[2-(Dipropylnitroryl)ethyl]-1,3-dihydrox-2H-indol-2-one. 
c  1,2a,3,4-Tetrahydro-2H-cylopenta(cd)indol-2-one. 
d  4-[2-(Dipropylamino)ethyl]-1-hydroxy-1,3-dihydro-2H-indol-2-one. 
e  4-[2-(Dipropylamino)ethyl]-1-ethyl-1,3-dihydro-2H-indol-2-one; Process impurity

included for identification only. 
f  (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature.
•  Labeling: When more than one Dissolution Test is given, the labeling states the Dissolution

Test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Ropinirole Hydrochloride RS 
USP Ropinirole Related Compound B RS  

4-[2-(Dipropylamino)ethyl]indoline-2,3-dione.     
C16H22N2O2      274.36

BRIEFING

Thioridazine Hydrochloride, USP 35 page 4848. As part of USP monograph modernization
efforts, the following revisions are proposed for this monograph:

1. Replace the nonspecific titration assay with a selective, specific, stability-indicating
HPLC based procedure. The liquid chromatographic procedure in the Assay is based
on analyses performed with a Phenomenex Gemini C18 brand of L1 column. The
typical retention time for thioridazine is about 22 min.

2. Widen the limits in the Definition from 99.0%–101% to 98.0%–102.0% to be consistent
with the HPLC Assay.

3. Add an Identification test based on retention time match, as obtained in the Assay, to
strengthen the monograph.

USP37
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4. Replace the nonspecific TLC test in Organic Impurities with the selective HPLC method
based on the Related Substances procedure from the 7th edition of the European
Pharmacopoeia. The procedure uses a Nucleodur C18 brand of L1 column, in which
thioridazine elutes at about 30 min. Zorbax Extend C18 brand of L1 column is a
suitable alternate column.

5. Delete the test for Melting Range or Temperature. The proposed selective HPLC test
for Organic Impurities is sufficient to monitor impurities.

Additionally, a structure of the drug substance is added to the monograph.

(SM4: R. Ravichandran.)
Correspondence Number—C94171

Comment deadline: March 31, 2013
Thioridazine Hydrochloride

Change to read:

C21H26N2S2·HCl       407.04 

10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2-(methylthio)-,
monohydrochloride;     
10-[2-(1-Methyl-2-piperidyl)ethyl]-2-(methylthio)phenothiazine monohydrochloride     [130-61-
0].

DEFINITION

Change to read:

Thioridazine Hydrochloride contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of thioridazine hydrochloride (C21H26N2S2·HCl), calculated on the dried basis.
[Note—Throughout the following procedures, protect samples or Assay specimens, the
Reference Standard, and solutions containing them, by conducting the analyses without delay,
under subdued light, or by using low-actinic glassware.]

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Change to read:
•  B.

C.

USP37

USP37

USP37

USP37
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Identification Tests—General, Chloride 191
Sample solution:  10 mg/mL in a mixture of water and alcohol (1:1)
Acceptance criteria:  Meets the requirements of the test for amine hydrochlorides

ASSAY

Change to read:
•  Procedure

Sample solution:  350 mg of Thioridazine Hydrochloride in 80 mL of a mixture of glacial
acetic acid and acetic anhydride (1:1)

Analysis:  Titrate with 0.1 N perchloric acid VS. Perform a blank determination, and make

any necessary correction (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is
equivalent to 40.70 mg of C21H26N2S2·HCl.

Acceptance criteria:  99.0%–101.0% on the dried basis
Diluent:  Acetonitrile, water, and triethylamine (850:150:1)
Solution A:  Acetonitrile, water, and triethylamine (400:600:2)
Solution B:  Acetonitrile and triethylamine (1000:2)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
2 90 10
20 5 95
21 5 95
23 90 10
25 90 10

Standard solution:  0.12 mg/mL of USP Thioridazine Hydrochloride RS in Diluent
Sample solution:  0.12 mg/mL of Thioridazine Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 264 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:   Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of thioridazine hydrochloride (C21H26N2S2·HCl) in the portion
of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Thioridazine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Thioridazine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Selenium 291
Sample:  100 mg of Thioridazine Hydrochloride and 100 mg of magnesium oxide used to

prepare the Test solution
Acceptance criteria:  NMT 30 ppm

Change to read:
•  Organic Impurities
[Note—Conduct this procedure in subdued lighting without delay.]

Diluent:  Methanol and ammonium hydroxide (49:1)
Standard solution A:  20.0 mg/mL of USP Thioridazine Hydrochloride RS in Diluent
Standard solutions B–F:  0.1, 0.067, 0.025, 0.02, and 0.01 mg/mL, respectively, from

Standard solution A in Diluent. The final concentrations of Standard solutions B–F
represent 0.5%, 0.33%, 0.125%, 0.1%, and 0.05% concentrations of Standard solution
A, respectively.

Sample solution:  20 mg/mL of Thioridazine Hydrochloride in Diluting solution
Application volume:  5 µL
Developing solvent system:  Chloroform, isopropyl alcohol, and ammonium hydroxide

(74:25:1)
Analysis:  Apply equal spots of the Sample solution and Standard solutions A–F as

directed under Ordinary Impurities 466 . Examine the plate under short- and long-
wavelength UV light, then spray the plate with Dragendorff's TS, dry the plate with a
stream of nitrogen, and spray with hydrogen peroxide TS.

Acceptance criteria:  Any secondary spot from the Sample solution is NMT 0.5%, and the
sum of all secondary spots is NMT 0.5%.

Carry out the test as quickly as possible and protected from light.
Solution A and Solution B:  Proceed as directed in the Assay.
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
5 100 0
35 5 95

USP37
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40 5 95
System suitability solution:  0.2 µg/mL of USP Thioridazine Related Compound F RS and

0.2 mg/mL of USP Thioridazine Hydrochloride RS in methanol
Standard solution:  0.2 µg/mL of USP Thioridazine Hydrochloride RS in methanol
Sample solution:  0.2 mg/mL of Thioridazine Hydrochloride in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 275 nm
Column:  4.0-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between the thioridazine related compound F and thioridazine
peaks, System suitability solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Thioridazine Hydrochloride
taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of thioridazine from the Standard solution
CS= concentration of USP Thioridazine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Thioridazine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 3)

Disregard any peak representing less than 0.05% of the area of the main peak.
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Thioridazine disulfoxidea 0.1 0.67 0.1

Thioridazine disulfoneb 0.3 0.53 0.1

Thioridazine 5-sulfoxidec 0.4 2.0 0.1

Thioridazine 2-sulfoxided 0.5 0.42 0.1

Thioridazine sulfonee 0.6 1.0 0.1

Thioridazine related compound F 0.9 1.0 0.1
Thioridazine 1.0 — —
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Any individual unknown impurity — 1.0 0.1
Total impurities — — 0.5

a  10-[2-(1-Methylpiperidin-2-yl)ethyl]-2-(methylsulfinyl)-10H-phenothiazine 5-oxide. 
b  10-[2-(1-Methylpiperidin-2-yl)ethyl]-2-(methylsulfonyl)-10H-phenothiazine 5,5-dioxide.

c  10-[2-(1-Methylpiperidin-2-yl)ethyl]-2-(methylthio)-10H-phenothiazine 5-oxide. 
d  10-[2-(1-Methylpiperidin-2-yl)ethyl]-2-(methylsulfinyl)-10H-phenothiazine. 
e  10-[2-(1-Methylpiperidin-2-yl)ethyl]-2-(methylsulfonyl)-10H-phenothiazine. 

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 159 –165 ; the range between beginning and end

of melting does not exceed 3 . 

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  4.2–5.2

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 4 h.
Acceptance criteria:  NMT 0.4%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Thioridazine Hydrochloride RS 
USP Thioridazine Related Compound F RS 

2-(Methylthio)-10-[2-(piperidin-2-yl)ethyl]-10H-phenothiazine. 
C20H24N2S2      356.55

BRIEFING

Tizanidine Tablets, USP 35 page 4878. On the basis of comments received, it is proposed to
revise the monograph as follows:

1. In the test for Organic Impurities, the limits for tizanidine related compounds B and C
have been deleted because both are process impurities and not degradants. Both
tizanidine related compound B and tizanidine related compound C are controlled in
the drug substance.

2. In Dissolution Test 2, the need to use a 1-cm cell and Medium as the blank have been

removed, because these are the standards stated in 711 .
3. In the Assay, the Column efficiency requirement has been deleted, because the test

already contains requirements for Resolution and Relative standard deviation.
4. Minor editorial changes have been made to be consistent with the current USP style

guide.

USP37

USP37

USP37
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(SM4: R. Ravichandran.)
Correspondence Number—C86941

Comment deadline: March 31, 2013
Tizanidine Tablets

DEFINITION

Tizanidine Tablets contain Tizanidine Hydrochloride equivalent to NLT 90.0% and NMT 110.0%
of the labeled amount of tizanidine (C9H8ClN5S).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Solution A:  Water and phosphoric acid (44:6)
Buffer:  3.5 g/L of sodium 1-pentanesulfonate. Adjust with Solution A or 1 N sodium

hydroxide to a pH of 3.0 ± 0.05.
Mobile phase:  Acetonitrile and Buffer (1:4)
Tizanidine related compound A solution:  0.1 mg/mL of USP Tizanidine Related Compound

A RS in methanol
Tizanidine related compound B solution:  0.1 mg/mL of USP Tizanidine Related Compound

B RS in methanol
Tizanidine related compound C solution:  0.1 mg/mL of USP Tizanidine Related Compound

C RS in methanol
System suitability solution:  Transfer 23 mg of USP Tizanidine Hydrochloride RS to a 100-

mL volumetric flask, and add 20 mL of Mobile phase and 10 mL each of Tizanidine related
compound A solution, Tizanidine related compound B solution, and Tizanidine related
compound C solution. Sonicate to dissolve the USP Tizanidine Hydrochloride RS, and dilute
with Mobile phase to volume.

Standard solution:  0.046 mg/mL of USP Tizanidine Hydrochloride RS in Mobile phase
Sample solution:  Transfer a weighed portion of finely powdered Tablets (NLT 20),

equivalent to 20 mg of tizanidine, to a 500-mL volumetric flask. Add 250 mL of Buffer
solution, sonicate for 15 min with occasional shaking, and shake by mechanical means for
15 min. Add 100 mL of acetonitrile, and mix. Allow to cool, and dilute with Buffer solution
to volume. Centrifuge a portion of this solution at 2000 rpm or higher for 10 min. Pass a
portion of this solution through a filter having a 0.45-µm or finer pore size, and use the
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  50
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Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times are listed in Table 1.]
Suitability requirements 

Resolution:  NLT 4.0 between tizanidine and tizanidine related compound C; NLT 4.0
between tizanidine and tizanidine related compound B

Column efficiency:  NLT 5000 theoretical plates

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of tizanidine (C9H8ClN5S) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of tizanidine in the Sample solution (mg/mL)
Mr1= molecular weight of tizanidine, 253.71
Mr2= molecular weight of tizanidine hydrochloride, 290.17
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Test 1 

Medium:  0.1 N hydrochloric acid; 500 mL
Apparatus 1:  100 rpm
Time:  15 min

Sample solution:  Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to the Standard solution.

Solution A, Buffer, and Mobile phase:  Prepare as directed in the Assay.
Standard solution:  (L/500) mg/mL of USP Tizanidine Hydrochloride RS in Medium, where

L is the label claim, in mg
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  50
Flow rate:  1 mL/min

USP37
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Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of tizanidine (C9H8ClN5S) dissolved:

Result = (rU/rS) × CS × V × (1/L) × (Mr1/Mr2) × 100

rU= peak response of tizanidine from the Sample solution
rS= peak response of tizanidine from the Standard solution
CS= concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
V = volume of dissolution Medium, 500 mL
L = label claim, in mg
Mr1= molecular weight of tizanidine, 253.71
Mr2= molecular weight of tizanidine hydrochloride, 290.17
Tolerances:  NLT 80% (Q) of the labeled amount of tizanidine (C9H8ClN5S) is dissolved.

Test 2 
[Note—If the product complies with this test, the labeling indicates that the product meets

USP Dissolution Test 2.]
Medium:  0.1 N hydrochloric acid; 500 mL, deaerated
Apparatus 1:  100 rpm
Time:  30 min
Standard solution:  (L/500) mg/mL of USP Tizanidine Hydrochloride RS in Medium, where

L is the label claim, in mg
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  228 nm
Cell:  1.0 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution and Blank

Calculate the percentage of tizanidine dissolved:

Result = (AU/AS) × CS × V × (1/L) × (Mr1/Mr2) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution

USP37

USP37
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CS= concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
V = volume of dissolution Medium, 500 mL
L = label claim, in mg
Mr1= molecular weight of tizanidine, 253.71
Mr2= molecular weight of tizanidine hydrochloride, 290.17
Tolerances:  NLT 80% (Q) of the labeled amount of tizanidine is dissolved.

IMPURITIES

Change to read:
•  Organic Impurities

Solution A, Buffer, Mobile phase, and Standard solution:  Prepare as directed in the
Assay.

Sample solution:  Transfer a weighed portion of finely powdered Tablets (NLT 20),
equivalent to 20 mg of tizanidine, to a 100-mL volumetric flask. Add about 50 mL of Buffer
solution, sonicate for about 15 min with occasional shaking, and shake by mechanical
means for 15 min. Add 20 mL of acetonitrile, and mix. Allow to cool, dilute with Buffer
solution to volume, and mix. Centrifuge a portion of this solution at 2000 rpm or higher for
10 min. Pass a portion of this solution through a filter having a 45-µm or finer pore size,
and use the filtrate.

Chromatographic system and System suitability:  Proceed as directed in the Assay.
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of tizanidine from the Standard solution
CS= concentration of USP Tizanidine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of tizanidine in the Sample solution (mg/mL)
Mr1= molecular weight of tizanidine, 253.71
Mr2= molecular weight of tizanidine hydrochloride, 290.17
F = relative response factor (see Table 1)
Acceptance criteria 

Individual impurities:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Tizanidine related compound C
a About 0.8

1.0
—

0.2
—

Tizanidine 1.0 — —
Tizanidine related compound B

a About 1.4
0.9

—
0.2

—
Tizanidine related compound A About 10.2 0.9 0.2

USP37 USP37 USP37

USP37 USP37 USP37
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Any unspecified degradation product — 1.0 0.2
Total impurities — — 0.5

a Process impurity included for peak identification purposes only. Controlled in the drug
substance. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the test used

only if Test 1 is not used.

•  USP Reference Standards 11
USP Tizanidine Hydrochloride RS
USP Tizanidine Related Compound A RS 

4-Amino-5-chloro-2,1,3-benzothiadiazole.     
C6H4ClN3S       185.63

USP Tizanidine Related Compound B RS 
N-Acetyltizanidine.     
C11H10ClN5OS      295.75

USP Tizanidine Related Compound C RS 
1-Acetylimidazolidine-2-thione.     
C5H8N2OS      144.20

BRIEFING

Topiramate Capsules. The proposal for this dosage form published in PF 36(4) [July–Aug.
2010] is canceled and replaced with the following proposal.

1. The Assay test and the procedure for Organic Impurities are based on the HPLC method
validated using the Waters Symmetry Shield RP18 brand of L1 column. The typical
retention time for topiramate is about 30 min.

2. Dissolution, Test 1 is based on the HPLC procedure validated using the Supelcosil LC-8-
BD brand of L7 column. The typical retention time for topiramate is about 7 min.

3. Dissolution, Test 2 is based on the HPLC procedure validated using the Spherisorb ODS
brand of L1 column manufactured by the Waters Corporation. The typical retention
time for topiramate is about 7 min.

4. The test for Limit of Sulfamate and Sulfate is based on the HPLC procedure validated
using the PRP-X100 brand of L47 column, manufactured by Hamilton. The typical
retention time for the sulfate ion is about 7 min.

(SM4: R. Ravichandran.)
Correspondence Number—C49322; C100361

Comment deadline: March 31, 2013

Add the following:
Topiramate Capsules

DEFINITION

Topiramate Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of topiramate

USP37
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(C12H21NO8S).

IDENTIFICATION

•  A. Infrared Absorption 197F
Wavenumber range:  4000 to 650 cm–1

Standard solution:  20 mg/mL of USP Topiramate RS in acetone
Sample solution:  Open an appropriate number of Capsules to prepare a 20-mg/mL

topiramate solution in acetone. Shake the solution for 30 min, and centrifuge for 10 min.
Then pass an aliquot of the clear supernatant through a suitable nylon filter of 0.2-µm
pore size, and use the filtrate for analysis.

Analysis 
Samples:  Standard solution and Sample solution 

Apply 50 µL to an NaCl plate, allow the solution to dry, then obtain the IR spectrum.
Acceptance criteria:  Meet the requirements

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  1.5 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
4.0.

Diluent:  Acetonitrile and water (20:80)
Mobile phase:  Methanol and Buffer (20:80)
Standard solution:  6 mg/mL of USP Topiramate RS in Diluent
Sample solution:  Nominally 6 mg/mL of topiramate in Diluent from NLT 20 Capsules. [Note

—Shake vigorously for at least 60 min, and pass a portion through a PTFE chemical-
resistant filter of 0.45-µm pore size.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  100 µL
Temperatures 

Column:  35

Detector:  35
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of topiramate (C12H21NO8S) in the portion
of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Topiramate RS in the Standard solution (mg/mL)
CU= nominal concentration of topiramate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  Water; 900 mL
Apparatus 2:  50 rpm. Use an appropriate sinker as necessary.
Time:  45 min
Standard stock solution:  0.56 mg/mL of USP Topiramate RS in Medium prepared as

follows. Transfer a suitable amount to a suitable volumetric flask. Add 2% of the flask
volume of acetone to dissolve the solid. Dilute with Medium to volume.

Standard solution:  (L/900) mg/mL of USP Topiramate RS in Medium, where L is the label
claim, in mg of topiramate per Capsule from the Standard stock solution

Sample solution:  Pass a portion of the solution under test through a suitable filter of 1-
µm pore size.

Mobile phase:  Methanol and water (32:68)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:   4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  2 mL/min
Injection volume:  200 µL
Temperatures 

Column:  35

Detector:  35
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0% for Capsules labeled to contain more than
15 mg of topiramate; NMT 3.0% for Capsules labeled to contain less than or equal to
15 mg of topiramate

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of topiramate (C12H21NO8S) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances:  NLT 80% (Q) of the labeled amount of topiramate is dissolved.

Test 2  
If the product complies with this test, the labeling indicates that it meets USP Dissolution
Test 2.
Medium:  Water; 900 mL
Apparatus 2:  50 rpm. Use an appropriate sinker as necessary.
Time:  60 min
Standard solution:  (L/900) mg/mL of USP Topiramate RS in Medium, where L is the label

claim, in mg of topiramate per Capsule
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Mobile phase:  Methanol and water (40:60)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.5 mL/min
Injection volume:  100 µL
Temperatures 

Column:  35

Detector:  35
System suitability 

Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of topiramate (C12H21NO8S) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances:  NLT 75% (Q) of the labeled amount of topiramate (C12H21NO8S) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Limit of Sulfamate and Sulfate: Use water with a resistivity of NLT 18 megohm-cm for the
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preparation of the Mobile phase, Standard solution, and Sample solution.
Buffer:  0.8 g/L of p-hydroxybenzoic acid in water
Mobile phase:  Methanol and Buffer (2.5: 97.5). Adjust with sodium hydroxide solution to a

pH of 9.4 ± 0.5.
Standard solution:  0.015 mg/mL each of sodium sulfate and sulfamic acid in Mobile phase

from anhydrous sodium sulfate and sulfamic acid, respectively
Sample solution:  Grind the contents of NLT 20 Capsules. Transfer an amount of powder

equivalent to 300 mg of topiramate to a 50-mL volumetric flask. Add about 40 mL of
Mobile phase, and stir for 30 min. Sonicate for 10 min, and dilute with Mobile phase to
volume. Centrifuge, and pass through a polyethersulfone membrane filter of 0.45-µm pore
size, discarding the first 3 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Conductivity
Column:  4.6-mm × 15-cm; 5-µm packing L47
Flow rate:  1.5 mL/min. [Note—A suitable background suppression unit may be used.]

Detector temperature:  30
Injection volume:  70 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention time of the sulfamate peak is 0.44 relative to the sulfate

peak.]
Suitability requirements 

Relative standard deviation:  NMT 15.0% for the sulfamate and sulfate peaks
Analysis 

Samples:   Standard solution and Sample solution

Calculate the percentage of sulfate in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of sulfate from the Sample solution
rS= peak response of sulfate from the Standard solution
CS= concentration of sodium sulfate in the Standard solution (mg/mL)
CU= nominal concentration of topiramate in the Sample solution (mg/mL)
Mr1= molecular weight of sulfate anion, 96.04
Mr2= molecular weight of anhydrous sodium sulfate, 142.04

Calculate the percentage of sulfamate in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of sulfamate from the Sample solution
rS= peak response of sulfamate from the Standard solution
CS= concentration of sulfamic acid in the Standard solution (mg/mL)
CU= nominal concentration of topiramate in the Sample solution (mg/mL)
Mr1= molecular weight of sulfamate anion, 96.09

PF 39(1): Jan.-Feb. 2013 408



Mr2= molecular weight of sulfamic acid, 97.09
Acceptance criteria:  NMT 0.25% (w/w) of sulfate and NMT 0.25% (w/w) of sulfamate

•  Organic Impurities
Diluent, Mobile phase, Sample solution, and Chromatographic system:  Proceed as

directed in the Assay.
Standard solution:  1.2 mg/mL of USP Topiramate RS and 0.6 mg/mL of USP Topiramate

Related Compound A RS in Diluent
System suitability 

Sample:  Standard solution
[Note—Identify the peaks due to topiramate related compound A and topiramate using the

relative retention times given in Table 1.]
Suitability requirements 

Relative standard deviation:  NMT 5.0%
Analysis 

Samples:  Sample solution and Standard solution

Calculate the percentage of each impurity in the portion of Capsules taken:

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

rU= peak response of the individual impurity from the Sample solution
rS= peak response of topiramate from the Standard solution
CS= concentration of USP Topiramate RS in the Standard solution (mg/mL)
CU= nominal concentration of topiramate in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Topiramate related compound A 0.66 1.1 0.5
Topiramate 1.0 — —
Individual unspecified degradation product — — 0.2
Total impurities — — 0.7

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in tightly closed containers at controlled room temperature,

protected from moisture.
•  Labeling: Topiramate Capsules may be swallowed whole or may be administered by carefully

opening the Capsule and sprinkling the entire contents on a teaspoon of soft food. This
drug/food mixture should be swallowed immediately and not chewed. It should not be
stored for future use. When more than one Dissolution test is given, the labeling states the
Dissolution test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Topiramate RS 
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USP Topiramate Related Compound A RS  

2,3:4,5-Bis-O-(1-methylethylidene)- -d-fructopyranose.     
C12H20O6      260.28

BRIEFING

Topotecan Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on validated methods of analysis is being proposed.

1. The Definition includes two known forms of topotecan hydrochloride—monohydrochloride
and 5/4 hydrochloride. The information for both forms is included in the chemical
information section. The test for Content of Chloride is added to distinguish between
the two forms.

2. The liquid chromatographic procedure used in the Assay and the test for Organic
Impurities is based on analyses performed with the Cosmosil 5C 18-AR brand of L1
column. The typical retention time for topotecan is about 12 min.

3. The gas chromatographic procedure in the test for Limit of Methanol and Acetone is
based on analysis performed with the J&W Scientific DB-624 brand of G43 column.
The typical retention times for methanol and acetone are about 3.7 min and 5.9 min,
respectively.

4. The gas chromatographic procedure in the test for Limit of Triethylamine is based on
analysis performed with the RTX-5 Amine brand of G27 column. The typical retention
time for triethylamine is about 9 min.

(SM3: F. Mao.)
Correspondence Number—C93991; C85109

Comment deadline: March 31, 2013

Add the following:
Topotecan Hydrochloride

C23H23N3O5·HCl       457.91 (n = 1) 

1H-Pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione, 10-[(dimethylamino)methyl]-
4-ethyl-4,9-dihydroxy-, monohydrochloride, (S)-;     
(S)-10-[(Dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione monohydrochloride;     [119413-
54-6].
5/4 Hydrochloride     
C23H23N3O5·5/4 HCl           467.02 (n = 5/4) 
[1228035-86-6].
Topotecan     
C23H23N3O5           421.45 

DEFINITION

USP37
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Topotecan Hydrochloride can be in either monohydrochloride form or 5/4 hydrochloride form. It
contains NLT 96.7% and NMT 102.1% of C23H23N3O5·HCl for the monohydrochloride form, and
NLT 98.0% and NMT 102.0% of C23H23N3O5·5/4 HCl for the 5/4 hydrochloride form, calculated
on the anhydrous and solvent-free basis.
[Caution—Great care should be taken in handling Topotecan Hydrochloride, because it is a
potentially cytotoxic agent.]

IDENTIFICATION

•  A. Infrared Absorption 197K  
If a difference appears in the IR spectra of the analyte and the standard, dissolve equal
portions of the test specimen and the Reference Standard in equal volumes of a suitable
solvent, evaporate the solution to dryness in similar containers under identical conditions,
and repeat the test on the residues.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

•  C. Meets the acceptance criteria of the test for Content of Chloride

ASSAY
•  Procedure 

Protect solutions containing Topotecan Hydrochloride from light.
Mobile phase:  Acetonitrile, trifluoroacetic acid, and water (150:1:850)
Standard solution:  0.16 mg/mL of USP Topotecan Hydrochloride RS in Mobile phase
System suitability solution:  0.16 mg/mL of USP Topotecan Hydrochloride RS and 0.8

µg/mL of USP Topotecan Related Compound A RS in Mobile phase
Sample solution:  0.16 mg/mL of Topotecan Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 228 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  0.8 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 2 between topotecan and topotecan related compound A, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of topotecan hydrochloride (C23H23N3O5· HCl or C23H23N3O5·
5/4 HCl) in the portion of Topotecan Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU= peak area of the Sample solution
rS= peak area of the Standard solution
CS= concentration of USP Topotecan Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Topotecan Hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of topotecan hydrochloride under test
Mr2= molecular weight of topotecan hydrochloride (monohydrochloride) (C23H23N3O5 · HCl),

457.91
Acceptance criteria:  96.7%–102.1% for the monohydrochloride form and 98.0%–102.0%

for the 5/4 hydrochloride form, calculated on the anhydrous and solvent-free basis

OTHER COMPONENTS
•  Content of Chloride

Sample:  200 mg
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N silver nitrate VS
Endpoint detection:  Potentiometric
Blank:  Water
Procedure:  Dissolve the Sample in 30 mL of water, and titrate with Titrant using silver and

mercurous sulphate electrodes. Each mL of 0.1 N silver nitrate is equivalent to 3.545 mg
of Cl.

Acceptance criteria  
For material labeled as monohydrochloride: 7.3%–8.1%, calculated on the anhydrous and
solvent-free basis 
For material labeled as 5/4 hydrochloride: 9.3%–10.0%, calculated on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities 

Protect solutions containing Topotecan Hydrochloride from light.
Standard solution, System suitability solution, and Chromatographic system:

 Proceed as directed in the Assay.
Solution A:  Acetonitrile, trifluoroacetic acid, and water (150:1:850)
Solution B:  Acetonitrile, trifluoroacetic acid, and water (400:1:600)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
16 100 0
40 0 100
45 0 100
50 100 0
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70 100 0
Sample solution:  0.4 mg/mL of Topotecan Hydrochloride in Solution A. [Note—Sonication is

needed to aid dissolution.]
System suitability 

Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 2 between topotecan and topotecan related compound A, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Topotecan Hydrochloride
taken:

Result = (rU/rT) × 100

rU= peak area of each impurity from the Sample solution
rT= sum of the responses of all the peaks from the Sample solution
Acceptance criteria 

Individual impurities:  See Table 2. Disregard any impurity peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

5-Hydroxytopotecana 0.75 0.3
Topotecan 1.00 —

Topotecan related compound Ab 1.46 0.3

Topotecan related compound Cc 2.79 0.5

9-Hydroxymethyl-10-hydroxycamptothecind and 
9-Propoxymethyl-10-hydroxycamptothecine 1.97 and 3.51 0.8f

Any unspecified impurity — 0.1
Total impurities — 1.2

a  (4S)-10-[(Dimethylamino)methyl]-4-ethyl-4,9,12-trihydroxy-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione hydrochloride. 

b  (S)-10-[(Dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-8-methoxy-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione hydrochloride. 

c  (S)-4-Ethyl-4-hydroxy-1H-pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-
dione. 

d  (S)-4-Ethyl-4,9-dihydroxy-10-hydroxymethyl-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione. 

e  (S)-4-Ethyl-4,9-dihydroxy-10-propoxymethyl-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione. 

f  The limit applies to the sum of two impurities. 
•  Limit of Methanol and Acetone (if it is present in the manufacturing process)

Internal standard solution:  Transfer 1.0 mL of n-butanol into a 100-mL volumetric flask,
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and dilute with water to volume.
Standard stock solution:  Transfer 1 mL each of accurately weighed methanol and

acetone into a 100-mL volumetric flask, and dilute with tetrahydrofuran to volume.
Standard solution:  Transfer 1 mL of Standard stock solution and Internal standard

solution into a 100-mL volumetric flask, and dilute with water to volume.
Sample diluent:  Transfer 1.0 mL of Internal standard solution into a 100-mL volumetric

flask, and add 15 µL of hydrochloric acid. Dilute with water to volume.
Sample solution:  Transfer 50 mg of Topotecan Hydrochloride into a suitable vial. Dissolve

in 1.0 mL of Sample diluent with the aid of sonication.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame-ionization
Column:  30-m × 0.32-mm; 1.8-µm coating of G43
Temperatures 

Column:  See Table 3.

Table 3

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

40 — 40 25
40 25 180 10

Injection port:  140

Detector:  250
Carrier gas:  Helium
Split flow:  50 mL/min
Linear velocity:  21 cm/sec
Injection volume:  2 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 10% for the peak area ratio of methanol and
acetone to n-butanol

Resolution:  NLT 1.5 between methanol and acetone
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of methanol and acetone in the portion of Topotecan
Hydrochloride taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of methanol or acetone to the peak area of n-butanol from the
Sample solution

RS= peak response ratio of methanol or acetone to the peak area of n-butanol from the
Standard solution

CS= concentration of methanol or acetone in the Standard solution (mg/mL)
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CU= concentration of Topotecan Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities:  See Table 4.

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Methanol 0.17 1.0
Acetone 0.27 1.0
n-Butanol 1.0 —

•  Limit of Triethylamine (if it is present in the manufacturing process)
Standard stock solution:  0.675 µg/mL of USP Triethylamine RS in dimethyl sulfoxide
Standard solution:  Mix 1 mL of Standard stock solution and 1 mL of 1 N NaOH in a 20-mL

headspace GC vial.
Blank solution:  Mix 1 mL of dimethyl sulfoxide and 1 mL of 1 N NaOH in a 20-mL headspace

GC vial.
Sample solution:  Transfer 45 mg of Topotecan Hydrochloride into a 20-mL headspace GC

vial, and dissolve in 1 mL of 1 N NaOH by shaking the vial for 10 sec. Add 1 mL of dimethyl
sulfoxide in the vial, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame-ionization
Column:  30-m × 0.53-mm; 3.0-µm coating of G27
Temperatures 

Column:  See Table 5.

Table 5

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

40 — 40 5
40 5 60 3
60 20 220 1

Injection port:  210

Detector:  300
Carrier gas:  Helium
Flow rate:  5.8 mL/min
Injection type:  Headspace

Vial treatment:  Maintain at 80  for 15 min prior to injection

Transfer line temperature:  130
Split ratio:  2

System suitability 
Samples:  Blank solution and Standard solution
Suitability requirements 
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Relative standard deviation:  NMT 5%, Standard solution
Blank interference:  NMT 5% of the triethylamine peak in the Blank solution calculated

against the triethylamine peak in the Standard solution, Blank solution, and Standard
solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the content, in ppm, of triethylamine in the portion of Topotecan Hydrochloride
taken:

Result = (rU/rS) × (CS/CU) × 106

rU= peak response of triethylamine from the Sample solution
rS= peak response of triethylamine from the Standard solution
CS= concentration of triethylamine in the Standard solution (mg/mL)
CU= concentration of Topotecan Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  NMT 15 ppm

SPECIFIC TESTS

•  Water Determination, Method Ia 921 : 10%–15% for the monohydrochloride form and
7%–11% for the 5/4 hydrochloride form

•  Specific Rotation 781S
For monohydrochloride form 

Sample solution:  10 mg/mL in 0.1 N HCl

Acceptance criteria:  +91.0  to +101.1 , calculated on the anhydrous and solvent-free
basis

For 5/4 hydrochloride form 
Sample solution:  10 mg/mL in water

Acceptance criteria:  +96  to +103 , calculated on the anhydrous basis

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers in a freezer.
•  Labeling: The labeling should indicate the hydrochloride form of the material.

•  USP Reference Standards 11
USP Topotecan Hydrochloride RS 

(S)-10-[(Dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione monohydrochloride.     
C23H23N3O5·HCl      457.91

USP Topotecan Related Compound A RS 
(S)-10-[(Dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-8-methoxy-1H-
pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione hydrochloride.     
(C24H25N3O6·HCl      487.93

USP Triethylamine RS 
Triethylamine.     
C6H15N      101.19

USP37
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BRIEFING

Topotecan for Injection. Because there is no existing USP monograph for this dosage form, a
new monograph, based on the validated methods of analysis, is being proposed. The liquid
chromatography procedures used in the Assay and the test for Organic Impurities are based
on analyses performed with the YMC-Pack ODS-A brand of L1 column. The typical retention
times for topotecan in the Assay and the test for Organic Impurities are about 5 min and 13
min, respectively.

(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C104083

Comment deadline: March 31, 2013

Add the following:
Topotecan for Injection

DEFINITION

Topotecan for Injection is a sterile, lyophilized, buffered, light yellow to greenish powder. It
contains an amount of topotecan hydrochloride equivalent to NLT 95.0% and NMT 105.0% of
the labeled amount of topotecan (C23H23N3O5).

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Sample solution:  Equivalent to 0.04 mg/mL of topotecan in water, from Topotecan for

Injection, prepared as follows. Reconstitute one vial with 4 mL of water. Shake the vial to
dissolve the contents, and transfer the solution into a 100-mL volumetric flask. Rinse the
vial with water, transfer the rinsing into the same volumetric flask, and dilute with water
to volume.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Trifluoroacetic acid solution:  0.1% (v/v) of trifluoroacetic acid in water
Mobile phase:  Acetonitrile, methanol, and Trifluoroacetic acid solution (20:5:75)
Standard solution:  0.044 mg/mL of USP Topotecan Hydrochloride RS in Mobile phase
Sample stock solution:  Equivalent to 0.4 mg/mL of topotecan from Topotecan for

Injection in Mobile phase prepared as follows. Reconstitute 10 vials individually by
dissolving the contents of each vial in 4 mL of water. Transfer the solutions of all vials
into a 100-mL volumetric flask. Rinse each vial with Mobile phase, and transfer the rinsings
into the same volumetric flask. Dilute with Mobile phase to volume.

Sample solution:  0.04 mg/mL of topotecan from the Sample stock solution in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 267 nm
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Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:   Standard solution and Sample solution

Calculate the percentage of the labeled amount of topotecan (C23H23N3O5) in the portion
of Topotecan for Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Topotecan Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of topotecan in the Sample solution (mg/mL)
Mr1= molecular weight of topotecan, 421.45
Mr2= molecular weight of topotecan hydrochloride, 457.91
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements for Weight Variation

IMPURITIES
•  Organic Impurities

Trifluoroacetic acid solution:  0.1% (v/v) of trifluoroacetic acid in water
Solution A:  Acetonitrile, methanol, and Trifluoroacetic acid solution (15:5:80)
Solution B:  Acetonitrile and Trifluoroacetic acid solution (30:70)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
16 100 0
40 0 100
50 0 100
52 100 0
60 100 0

Protect the following solutions from light.
System suitability stock solution:  0.1 mg/mL of USP Irinotecan Related Compound A RS

in methanol prepared as follows. Transfer a known amount of USP Irinotecan Related
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Compound A RS into a suitable volumetric flask, and add N,N-dimethylformamide equivalent
to 0.5% of the final volume to dissolve. Dilute with methanol to volume.

System suitability solution:  0.4 mg/mL of USP Topotecan Hydrochloride RS and 4.0 µg/mL
of USP Irinotecan Related Compound A RS in Mobile phase prepared as follows. Transfer a
known amount of USP Topotecan Hydrochloride RS into a suitable volumetric flask, and
transfer the System suitability stock solution equivalent to 4% of the final volume to the
same volumetric flask. Dilute with Solution A to volume.

Standard solution:  1.4 µg/mL of USP Topotecan Hydrochloride RS in Solution A
Sample solution:  Equivalent to 0.4 mg/mL of topotecan from Topotecan for Injection in

Solution A prepared as follows. Reconstitute 10 vials individually by dissolving the contents
of each vial in 4 mL of water. Transfer the solutions of all vials into a 100-mL volumetric
flask. Rinse each vial with Solution A, and transfer the rinsings into the same volumetric
flask. Dilute with Solution A to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
[Note—Run the Standard solution for 15 min.]

Mode:  LC
Detector:  UV 267 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 10.0 between topotecan and irinotecan related compound A, System
suitability solution

Relative standard deviation:  NMT 10.0%, Standard solution
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Topotecan for Injection taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution
Acceptance criteria 

Individual impurities:  See Table 2. Disregard any impurity peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Topotecan 1.00 —

Irinotecan related compound Aa 2.44 0.3

Topotecan related compound Cb 3.19 —
Any individual, unspecified impurity — 0.5
Total impurities — 1.5
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a  (S)-4-Ethyl-4,9-dihydroxy-1H-pyrano[3’,4’:6,7]indolizino[1,2-b]quinoline-
3,14(4H,12H)-dione. 

b  (S)-4-Ethyl-4-hydroxy-1H-pyrano[3’,4’:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-
dione. This is a process impurity that is included in the table for identification only. It is
controlled in the drug substance and not to be reported for the drug product. It should
not be included in the total impurities. 

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 64.8 of USP Endotoxin RS unit/mg of topotecan

•  Sterility Tests 71 : Meets the requirements

•  pH 791
Sample solution:  Reconstitute each vial with 4 mL of water.
Acceptance criteria:  2.5–3.5

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Constituted Solution: At the time of use, it meets the requirements for Constituted

Solutions under Injections 1 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Endotoxin RS
USP Irinotecan Related Compound A RS 

(S)-4-Ethyl-4,9-dihydroxy-1H-pyrano[3’,4’:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-
dione.     
C20H16N2O5      364.35

USP Topotecan Hydrochloride RS

BRIEFING

Trazodone Hydrochloride, USP 35 page 4917. As a part of USP monograph modernization
efforts, the following changes are proposed for this monograph:

1. Simplify the monograph by replacing the Assay procedure with an HPLC procedure that
is also used for the determination of Organic Impurities. The proposed Assay
procedure does not utilize the Internal standard solution. Additionally, the
Acceptance criteria is revised from 97.0%–102.0% to 98.0%–102.0%. The liquid
chromatographic procedure has been validated using the XBridge C18, 3.5-µm column
containing L1 packing, manufactured by Waters Corporation. The typical retention
time for trazodone is about 5.7 min.

2. Revise Identification test B to reflect the proposed change in the Assay by removing the
reference to the internal standard.

3. Replace the non-selective test for Organic Impurities and the non-specific test for
Ordinary Impurities with a single, selective HPLC-based procedure. The liquid
chromatographic procedure has been validated using the XBridge C18, 3.5-µm column

USP37
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containing L1 packing, manufactured by Waters Corporation. The typical retention
time for trazodone is about 5.7 min.

4. Add a test for Limit of Trazodone Related Compound F and Cyclophosphamide Related
Compound A, which are known genotoxic impurities in certain manufacturing
processes. The reversed-phase HPLC procedure is based on validations performed
with an XBridge C18, 3.5-µm column containing L1 packing manufactured by Waters
Corporation and a triple quadrupole mass spectrometric detector TSQ Quantum-
Access Max manufactured by Thermo-Scientific operating in multiple reaction
monitoring (MRM) mode. The typical retention time for trazodone related compound F
is about 6 min.

(SM4: R. Ravichandran.)
Correspondence Number—C98258

Comment deadline: March 31, 2013
Trazodone Hydrochloride

C19H22ClN5O·HCl       408.32 

1,2,4-Triazolo[4,3-a]pyridin-3(2H)-one, 2-[3-[4-(3-chlorophenyl)-1-piperazinyl]propyl]-,
monohydrochloride;     
2-[3-[4-(m-Chlorophenyl)-1-piperazinyl]propyl]-s-triazolo[4,3-a]-pyridin-3(2H)-one
monohydrochloride     [25332-39-2].

DEFINITION

Change to read:

Trazodone Hydrochloride contains NLT 97.0%
98.0%

and NMT 102.0% of trazodone hydrochloride (C19H22ClN5O·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, both relative to the internal standard

as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  Transfer 1.2 g of monobasic ammonium phosphate to a 1000-mL volumetric flask,
and dissolve in water. Add 1.0 mL of 1 N sodium hydroxide, and dilute with water to

USP37
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volume. Adjust this solution, if necessary, with either 10% phosphoric acid or 1 N sodium
hydroxide to a pH of 6.0 ± 0.1, and filter.

Mobile phase:  Methanol and Buffer (3:2)
Internal standard solution:  2 mg/mL of butylparaben in methanol
Standard stock solution:  2.5 mg/mL of USP Trazodone Hydrochloride RS in Mobile phase
Standard solution:  Transfer 4.0 mL of Standard stock solution to a 100-mL volumetric

flask. Add 2.0 mL of Internal standard solution, and dilute with Mobile phase to volume.
Sample stock solution:  2.5 mg/mL of Trazodone Hydrochloride in Mobile phase
Sample solution:  Transfer 4.0 mL of the Sample stock solution to a 100-mL volumetric

flask. Add 2.0 mL of the Internal standard solution, and dilute with Mobile phase to
volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for butylparaben and trazodone are 0.6 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the butylparaben and trazodone
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of Trazodone Hydrochloride (C19H22ClN5O·HCl) in the portion of
sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU= ratio of the peak response of the trazodone to the internal standard in Sample solution
RS= ratio of the peak response of the trazodone to the internal standard in the Standard

solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Sample solution (mg/mL)

Acceptance criteria:  97.0%–102.0% on the dried basis
Solution A:  0.01% (v/v) of triethylamine in water
Solution B:  0.01% (v/v) of triethylamine in acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
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12 32 68
12.01 80 20

15 80 20
Diluent:  Solution A and Solution B (80:20)
System suitability solution:  1 µg/mL each of USP Trazodone Related Compound C RS

and USP Trazodone Related Compound D RS, and 0.1 mg/mL of USP Trazodone
Hydrochloride RS in Diluent

Standard solution:  1 mg/mL of USP Trazodone Hydrochloride RS in Diluent
Sample solution:  1 mg/mL of Trazodone Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL
[Note—A mixture of acetonitrile, 2-propanol, acetone, and formic acid (400:300:300:2 )

is recommended for injector wash to minimize the sample carry-over.]
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2 between trazodone related compound C and trazodone; NLT 2.8
between trazodone and trazodone related compound D, System suitability solution

Relative standard deviation:  NMT 1.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of trazodone hydrochloride (C19H22ClN5O·HCl) in the portion
of Trazodone Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of trazodone from the Sample solution
rS= peak response of trazodone from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Trazodone Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

Change to read:
•  Organic Impurities

Mobile phase:  Acetonitrile, methanol, 0.5% trifluoroacetic acid, and tetrahydrofuran (3:
1: 13.5: 3)

Standard solution:  2 µg/mL of USP Trazodone Hydrochloride RS in Mobile phase
System suitability solution:  0.1 mg/mL of 3-chloroaniline and 0.01 mg/mL of USP

Trazodone Hydrochloride RS, in Mobile phase

USP37
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Sample solution:  1 mg/mL of Trazodone Hydrochloride in Mobile phase
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 248 nm
Column:  4.6-mm × 15-cm; 3-µm packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for 3-chloroaniline and trazodone are 0.6 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 12 between 3-chloroaniline and trazodone, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each peak, other than the trazodone peak, in the portion of
Trazodone Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= response of each peak, other than the trazodone peak, obtained from the Sample
solution

rS= peak response for trazodone obtained from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Trazodone Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.4%
Total impurities:  NMT 1.0%

Ordinary Impurities 466  
Standard solution and Test solution:  Methanol
Eluant:  Cyclohexane, acetone, and ammonium hydroxide (8:4.5:0.5)
Visualization:  1
Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
 Proceed as directed in the Assay.
System suitability solution:  1 µg/mL each of USP Trazodone Related Compound C RS

and USP Trazodone Related Compound D RS in the Standard solution
Standard solution:  1 µg/mL of USP Trazodone Hydrochloride RS in Diluent
Sample solution:  1 mg/mL of Trazodone Hydrochloride in Diluent
System suitability 

Sample:  System suitability solution
[Note—Refer to Table 2 for the relative retention times.]
Suitability requirements 

Relative standard deviation:  NMT 2.0% for the trazodone peak
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Resolution:  NLT 2 between trazodone related compound C and trazodone; NLT 2.8
between trazodone and trazodone related compound D

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the portion of Trazodone
Hydrochloride taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of trazodone from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Trazodone Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Triazolopyridinonea 0.1 0.48 0.10
Trazodone N-oxideb 0.40 1.0 0.1
Deschloro trazodonec 0.65 0.71 0.1
Trazodone related compound C 0.96 1.0 0.1
Trazodone 1.0 — —
Trazodone related compound D 1.1 1.0 0.1
4-Ethyl trazodoned 1.4 1.0 0.1
Trazodone isobutyl ether analoge 2.0 1.0 0.1
Bispiperazine analogf 2.1 1.3 0.1
Any individual unspecified impurity — 1.0 0.10
Total impurities — — 1.0

a  [1,2,4]Triazolo[4,3-a]pyridin-3(2H)-one. 
b  4-(3-Chlorophenyl)-1-[3-(3-oxo-[1,2,4]triazolo[4,3-a]pyridin-2(3H)-

yl)propyl]piperazine 1-oxide. 
c  2-[3-(4-Phenylpiperazin-1-yl)propyl]-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one. 
d  2-{3-[4-(3-Chloro-4-ethylphenyl)piperazin-1-yl]propyl}-[1,2,4]triazolo[4,3-a]pyridin-

3(2H)-one. 
e  1-(3-Chlorophenyl)-4-(3-isobutoxypropyl)piperazine. 
f  1,3-Bis(4-(3-chlorophenyl)piperazin-1-yl)propane. 

Add the following:
•  Limit of Trazodone Related Compound F and Cyclophosphamide Related Compound

A
[Note—Perform this test only if trazodone related compound F and cyclophosphamide related

compound A are known process impurities.]

USP37
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Solution A:  5 mM ammonium bicarbonate solution
Solution B:  Acetonitrile
Diluent:  Acetonitrile, water, and formic acid (100:900:1)
Standard solution:  0.025 µg/mL each of USP Trazodone Related Compound F RS and USP

Cyclophosphamide Related Compound A RS, and 10 mg/mL of USP Trazodone Hydrochloride
RS in Diluent

Sample solution:  0.01 g/mL of Trazodone Hydrochloride in Diluent
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
6.5 20 80
6.51 90 10

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  MS/MS (Tandem Mass Spectrometer)
MS conditions 

Ionization:  Triple quadrupole ionization in positive ion mode
Acquisition mode:  Multiple Reaction Monitoring (MRM) of the following mass

transitions: 
Cyclophosphamide related compound A 142 ® 63 
Trazodone related compound F 272 ® 120

Column:  4.6-mm × 7.5-cm; 3.5-µm packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Flow rate to ion source:  0.5 mL/min
Injection volume:  Adjust to between 5 and 50 µL, depending on the mass spectrometer.

[Note—A mixture of 2-propanol, water, and formic acid (800:200:1) is recommended for
the injector wash to minimize the sample carry-over.]

System suitability 
Sample:  Standard solution
[Note—Under the chromatographic conditions, the elution order is cyclophosphamide

related compound A, trazodone, and trazodone related compound F. Use of an
appropriate switching valve program in order to completely divert the trazodone peak to
waste between the elution times of the two impurities is recommended. The relative
retention time for cyclophosphamide related compound A versus trazodone related
compound F is about 0.4.]

Suitability requirements 
Signal-to-noise ratio:  NLT 100 for the trazodone related compound F peak and NLT 50

for the cyclophosphamide related compound A peak
Relative standard deviation:  NMT 15.0% each for trazodone related compound F and

cyclophosphamide related compound A
Analysis 

Samples:  Standard solution and Sample solution 
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Calculate, in ppm, the amount of trazodone related compound F RS and
cyclophosphamide related compound A in the portion of Trazodone Hydrochloride taken:

Result = (rU/rS) × (CS/CU)

rU= peak response of trazodone related compound F or cyclophosphamide related
compound A from the Sample solution

rS= peak response of trazodone related compound F or cyclophosphamide related
compound A from the Standard solution

CS= concentration of USP Trazodone Related Compound F RS or USP Cyclophosphamide
Related Compound A RS in the Standard solution (µg/mL)

CU= concentration of Trazodone Hydrochloride in the Sample solution (g/mL)
Acceptance criteria:  NMT 2.5 µg/g each of trazodone related compound F and

cyclophosphamide related compound A 

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at a pressure of 50 mm of mercury at 105  for 3 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Cyclophosphamide Related Compound A RS  

Bis(2-chloroethyl)amine hydrochloride.     
C4H10Cl3N      178.48

USP Trazodone Hydrochloride RS 
USP Trazodone Related Compound C RS 

2-{3-[4-(4-Chlorophenyl)piperazin-1-yl]propyl}-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one
hydrochloride. 
C19H22ClN5O·HCl      408.32

USP Trazodone Related Compound D RS 
2-{3-[4-(4-Bromophenyl)piperazin-1-yl]propyl}-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-
one hydrochloride. 
C19H22BrN5O·HCl      452.78

USP Trazodone Related Compound F RS 
1-(3-Chlorophenyl)-4-(3-chloropropyl)piperazine hydrochloride. 
C13H18Cl2N2·HCl      309.66

BRIEFING

Verapamil Hydrochloride, USP 35 Page 5011. As a part of monograph modernization, the
titration-based Assay procedure is replaced by a stability indicating liquid chromatographic
procedure, and the melting point test is deleted. In addition, the acceptance criteria in the
Definition is also revised in accordance with the proposed chromatographic test procedure in
the Assay. The liquid chromatographic procedures in the Assay are based on analyses
performed with the 5-µm Waters Symmetry-C18 brand of L1 column. The typical retention

USP37
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time for verapamil is about 8.7 min.

(SM2: S. Ramakrishna.)
Correspondence Number—C120149

Comment deadline: March 31, 2013
Verapamil Hydrochloride

C27H38N2O4·HCl       491.06 

Benzeneacetonitrile, -[3-[[2-(3,4-dimethoxyphenyl)ethyl]methylamino]propyl]-3,4-dimethoxy-
-(1-methylethyl)-, monohydrochloride, (±)-;      

(±)-5-[(3,4-Dimethoxyphenethyl)methylamino]-2-(3,4-dimethoxyphenyl)-2-isopropylvaleronitrile
monohydrochloride     [152-11-4].

DEFINITION

Change to read:

Verapamil Hydrochloride contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of Verapamil Hydrochloride (C27H38N2O4·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak for verapamil in the Sample solution corresponds to

that of Standard solution B, as obtained in the test for Organic Impurities.

•  C. Identification Tests—General, Chloride 191 : Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample solution Dissolve about 400 mg of Verapamil Hydrochloride, accurately weighed, in
40 mL of glacial acetic acid

Analysis and add 10 mL of mercuric acetate TS and 5 mL of acetic anhydride. Titrate (see

Titrimetry 541 ) with 0.10 N perchloric acid VS, determining the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction.
Each mL of 0.10 N perchloric acid is equivalent to 49.11 mg of C27H38N2O4·HCl.

Acceptance criteria:  99.0%–101.0% on the dried basis
Buffer:  1.23 g/L of sodium acetate containing about 33 mL/L of glacial acetic acid
Mobile phase:  Acetonitrile, 2-aminoheptane, and Buffer (300:5:700)
Standard solution:  1 mg/mL of USP Verapamil Hydrochloride RS in Mobile phase
Sample solution:  1 mg/mL of Verapamil Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 278 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  0.9 mL/min
Injection volume:  10 µL
Run time:  NLT 2 times the retention time of verapamil

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.7%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of verapamil hydrochloride (C27H38N2O 4·HCl) in the portion of
Verapamil Hydrochloride taken:

Result = (rU/rS) ×(Cs/Cu) × 100

rU= peak response of verapamil from the Sample solution
rs= peak response of verapamil from the Standard solution
Cs= concentration of USP Verapamil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Verapamil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

Buffer, Mobile phase, and Chromatographic system:  Proceed as directed in the Assay.
System suitability solution:  1.9 mg/mL of USP Verapamil Hydrochloride RS and 1.5 mg/mL

of USP Verapamil Related Compound B RS in Mobile phase
Standard solution A:  5.6 µg/mL of USP Verapamil Hydrochloride RS in Mobile phase
Standard solution B:  9.4 µg/mL of USP Verapamil Hydrochloride RS in Mobile phase
Sample solution:  1.9 mg/mL of Verapamil Hydrochloride in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 278 nm
Column:  4.6-mm × 12.5- to 15-cm; packing L1
Flow rate:  0.9 mL/min
Injection volume:  10 µL
Run time:  NLT 4 times the retention time of verapamil

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for verapamil related compound B and verapamil are

0.88 and 1.0, respectively.]
Suitability requirements 

USP37
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Resolution:  NLT 1.5 between the verapamil related compound B and verapamil peaks
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Sample solution, Standard solution A, and Standard solution B

Acceptance criteria 
Individual impurities:  Any single peak response is not greater than that of the verapamil

peak response from Standard solution A (0.3%).
Total impurities:  The sum of the peak responses, other than that of verapamil, from the

Sample solution is not greater than the verapamil peak response from Standard solution
B (0.5%).

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 140 –144  

•  pH 791
Sample solution:  50 mg/mL 

Prepare with gentle heating.
Acceptance criteria:  4.5–6.5

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled

room temperature.

•  USP Reference Standards 11
USP Verapamil Hydrochloride RS 
USP Verapamil Related Compound B RS  

Benzeneacetonitrile, -[2-[[2-(3,4-dimethoxyphenyl)-ethyl]methylamino]ethyl]-3,4-
dimethoxy- -(1-methylethyl)-, monohydrochloride     
C26H36N2O4·HCl       477.05

Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
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Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

STIMULI TO THE REVISION PROCESS

This section may contain the following:

• reports or statements of Expert Committees

• original research reports

• evaluations of new and existing pharmacopeial methods

• commentaries

• articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.

Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:

Pharmacopeial Forum

Executive Secretariat, USP

12601 Twinbrook Pkwy.

Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Elemental Impurities in Pharmaceutical Waters

Anthony Bevilacqua, PhD, and Teri C Soli, PhD, Members, USP Chemical Analysis Expert
Committeea

ABSTRACT Manufacturers of large-volume parenteral products (LVPs), including the various
USP monographed sterile waters, use large volumes of USP Water for Injection (or Sterile Water

for Injection). The application of USP general chapter Elemental Impurities—Limits 232  and

its companion chapter Elemental Impurities—Procedures 233  to the waters used in these
products represents a potentially significant testing burden. The large dosage volumes
associated with LVPs result in very low limits per unit volume of water for these specified
impurities. An investigation into the application of these chapters to Water for Injection (WFI)
and Purified Water (PW) was warranted to determine if this testing is necessary, considering
the already stringent purity limits placed on these waters by their current monographs. An
analysis of the existing conductivity method shows that, in some cases, achieving a
conductivity that is significantly lower than the current USP WFI and PW specifications does
eliminate the need for specific metal testing, depending on the volume of water used in the
drug product. However, this testing is susceptible to extraneous contamination that could make
the water appear to fail this lower limit, so stringent test controls would be required if this

surrogate approach to 232  compliance were used. With further research, it can be
demonstrated that the required manufacturing processes for these waters could preclude the
need to routinely perform this Elemental Impurities (EIs) testing. A key requirement in the
production of these waters is compliance with Drinking Water regulations for the starting
material. These starting water regulations limit the amounts of the most toxic of the relevant
elemental impurities. With the purification processes required to transform Drinking Water into
WFI or PW, the already low starting concentrations of the EIs are further reduced to lower

concentrations that are well below the specifications in 232 . Therefore, with proper starting
water compliance and purification processes that are able to reliably meet USP WFI or PW

requirements, meeting 232  requirements can be ensured. The procedures discussed here

eliminate the need for using 233  or a surrogate test, assuming the toxic metals are not re-
introduced into the water during or after its purification or the packaging and other
manufacturing processes.

INTRODUCTION 

The implementation of USP general chapter Elemental Impurities—Limits 232  for controlling
potentially toxic metals has wide-ranging implications for testing. One of the challenges facing
drug manufacturers is to determine if the testing is required or necessary, or when testing can
be precluded based on knowledge of raw material inputs and process knowledge. This challenge
applies to a broad range of drug products and excipients, but because of the voluminous and
widespread use of water as an ingredient, particularly in large-volume parenteral products

(LVPs), the application of 232  to water monographs poses several challenges. 
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Chapter 232  specifies limits for the amounts of elemental impurities (EIs) in drug products,
and these limits are based on the dosage form type, the daily volume intake, and the accepted
daily dosage limits (in µg/day). If we consider LVPs as the worst-case dosage scenario as a
result of potentially a few liters' intake per day, then the EI concentrations are required to be
substantially lower than those for a small dosage such as a small-volume parenteral (SVP)
injection, an oral dosage, or the intake from Sterile Water for Inhalation that necessarily
involves smaller volume intake. So a number of follow-up questions logically might be asked: 

Should 232  apply to waters such as Sterile Water for Injection (WFI) that could be
used to dilute concentrates to create many LVPs or to bulk waters such as WFI that are
used to make the Sterile WFI and perhaps the LVPs directly or to both? 

If conductivity is used as a surrogate approach to demonstrate compliance with 232 , we
will demonstrate later that the bulk form of the water has the easiest opportunity to achieve a
low electrical conductivity with fewer extraneous interferences, but the ingress of innocuous
CO2 into the sterile package form increases the conductivity up to 20-fold and limits the
potential use of this analytical tool. Thus the practical application of conductivity as a

surrogate test for water in lieu of 232  EI testing would most likely be less problematic with
the bulk form rather than the sterile packaged form that also could be used in the
extemporaneous preparation of an LVP. Because the sterile form is prepared from the bulk form,
there is supporting logic for this approach. 
Is there any chemical or process knowledge that can be applied to the production of

compendial waters that can be used to reduce or eliminate the testing according to 233

? 
An example that has been used previously is the elimination of heavy metals and pH testing for
bulk waters in USP 23. In the case of heavy metals, the low allowed concentrations already
imposed on the starting water by the drinking water requirements and a less sensitive test for
the monographed heavy metals determination precluded the need for this testing. Similarly,
several years ago in the European Pharmacopoeia (EP), the heavy metals testing was deleted
from the WFI (but not PW) monograph because it was demonstrated that the heavy metals
test was necessarily met if the conductivity limit test was met. [Note——The conductivity
limits for EP PW are higher than those for WFI. The EP WFI limits are identical to those in USP

general chapter Water Conductivity 645 .] Therefore, if manufacturers meet 645  or made
the water from compliant drinking water, as required by the monograph, they meet the heavy
metals limit test. In the case of pH, the application of conductivity testing and the relationship

between pH and conductivity demonstrated the redundancy of pH testing. So, in the case of 

232  could there be a demonstration of compliance by some other logical means? 
We consider these questions by exploring alternative and potentially less costly methods

(compared to 233 ) to meet 232  for the water used in LVPs.

APPLICATION OF CONDUCTIVITY AS A REPLACEMENT FOR 232  
The first use of conductivity measurements for compendial waters appeared in 1996 with the

introduction of 645  for the PW and WFI monographs. Previously, the principal chemical
testing consisted of wet chemistry limit tests for chloride, ammonia, calcium, sulfate, and CO2,
all of which are common components of the majority of drinking waters. At each species's
highest allowable concentration according to the wet chemical methods, the minimum
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conductivity of these impurities could be determined from known physico-chemical properties of

these ions. Chloride and ammonia resulted in the lowest conductivity, 1.3 µS/cm at 25  (and
other conductivities at other temperatures). As a result, the chemical rationale is the following:
if the sample passed the conductivity test, it would necessarily pass each of the original
chemical tests. As a result, these original chemical tests were eliminated in favor of a single,
instrument-based, quantitative test. If the same logic could be applied to the dosage limits in 

232 , then the application of 233  could be avoided. 

Could the 645  limit test be used as a replacement or surrogate for 232  and 233
? 
To answer that question, we developed a conductivity–chemical model that takes into account

the Permissible Daily Exposure (PDE; see Table 1 from 232 ) of each metal ion, dosage form
type and volume, and the specific conductivity of each metal (1,2). With some assumptions,

such as possible counter anions (chloride) and temperature (25 ), this combination of variables
allows for a direct determination of the corresponding conductivity of these EIs at their
concentration limits.

Table 1. Permissible Daily Exposure of Elemental Impurities in Drug Products by Route
of Administration

Element

Oral
Daily Dose 
(µg/day)

Parenteral
Daily Dose 
(µg/day)

Inhaled
Daily Dose
(µg/day)

Cadmium 25 2.5 1.5
Lead 5 5 5
Inorganic Arsenic 1.5 1.5 1.5
Inorganic Mercury 15 1.5 1.5
Iridium 100 10 1.5
Osmium 100 10 1.5
Palladium 100 10 1.5
Platinum 100 10 1.5
Rhodium 100 10 1.5
Ruthenium 100 10 1.5
Chromium —a —a 25

Molybdenum 100 10 250
Nickel 500 50 1.5
Vanadium 100 10 30
Copper 1000 100 70

a  Not a safety concern.

This model assumes a typical volume of water that can be consumed along with a daily dose of
drug product. Therefore, we assumed the following typical daily dosage volumes for these
dosage forms:

Inhaled: 1 mL 
Oral: 100 mL 
Parenteral
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SVPs: 10 mL 
LVPs: 1000 mL

On the basis of these assumed daily dosage volumes, the EI limits for the water used in these
dosage forms can be calculated as shown in Table 2.

Table 2

 Dosage Forms
(µg/L, ppb)

Element Inhalationa SVPb Oralc LVPd

Cadmium 1500 250 250 2.5
Lead 5000 500 50 5.0
Inorganic Arsenic 1500 150 15 1.5
Inorganic Mercury 1500 150 150 1.5
Iridium 1500 1000 1000 10
Osmium 1500 1000 1000 10
Palladium 1500 1000 1000 10
Platinum 1500 1000 1000 10
Rhodium 1500 1000 1000 10
Ruthenium 1500 1000 1000 10
Chromium 25,000 —e —e —e

Molybdenum 250,000 1000 1000 10
Nickel 1500 5000 5000 50
Vanadium 30,000 1000 1000 10
Copper 70,000 10,000 10,000 100

a  Using an assumed typical dosage volume of 0.001 L/day.
b  Using an assumed typical dosage volume of 0.010 L/day.
c  Using an assumed typical dosage volume of 0.1 L/day.
d  Using an assumed typical dosage volume of 1 L/day.
e  Not a safety concern.

By factors of 2-fold to more than 6-fold, the EIs with the lowest PDEs are cadmium, lead,
arsenic, and mercury, as shown in Table 1. In relation to unit volume of water limits, those
proportions carry through to Table 2 for LVPs, which have the most restrictive EI limit
requirements of all the dosage forms. These four EIs, in their ionic conductive form, were
targeted in a new conductivity–chemical model to determine the minimum water conductivity at
certain concentrations of the individual EIs. If the measured water conductivity is less than the
calculated conductivity at minimum PDE concentrations, then the water necessarily meets the

limits in 232 . This model requires the physico-chemical data for the EIs. 
We examined the most challenging case first, i.e., the dosage type that would result in the
lowest concentrations of the EIs: the water used in an LVP with a daily dose of 1 L (1 kg). In
this example, the Daily Dose PDEs for these EIs range from 1.5–5 µg/day, and therefore the

concentrations of these EIs would range from 1.5–5 µg/kg (1.5 5 ppb). Depending on various
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assumptions that we do not discuss here, at these EI concentrations a maximum conductivity
limit of 0.0562 µS/cm (resistivity > 17.80 Mohm cm) would be necessary to demonstrate
compliance for As. For the other EIs, a conductivity of 0.057 µS/cm (Hg), 0.061 µS/cm (Cd),

and 0.062 µS/cm (Pb) would be necessary to demonstrate compliance with 232  for the
water component of the LVP. These conductivities are achievable but are not practical for
reasons explained later. 

The 645  Stage 1 limit of 1.3 µS/cm at 25  is much higher than the minimum conductivity
generated by these four EIs. We conclude that under the challenging EI limit requirements for

LVPs, meeting the 645  limit would not preclude failure of 232  limits for the water
component of the LVP. 

If the 645  limit test cannot be used as a replacement or surrogate for 232 , then at
what conductivity or under what conditions could a conductivity test be applicable? 
As stated previously, a maximum conductivity limit of 0.0562 µS/cm is necessary to

demonstrate compliance with 232  for the lowest concentration EIs. This ensures that the

remaining EIs in Tables 1 and 2 also comply with 232 . This is an unusually low and perhaps
difficult to meet conductivity limit because of other potentially conductive impurities that could

be present in 645  compliant waters, as we will discuss below. So an alternative option could
be to determine a higher (than 0.0562 µS/cm) conductivity limit that would preclude the

necessity of testing for the remaining 11 EIs listed in Table 2 while still requiring 233  testing
only for cadmium, lead, arsenic, and mercury. This option remains under evaluation. 

If a low conductivity limit was specified as an alternative to meeting 232 , what are
the implications and challenges to the industry to demonstrate this compliance? 
If a maximum conductivity limit of 0.0562 µS/cm were imposed, some of today's water-
purification technologies and engineering systems are well-suited to meet this requirement.
With appropriate pretreatment, water systems that use mixed-bed ion-exchange (MB-IX) as
the last (or near-last) purification step consistently produce an in-line conductivity of water at

< 0.06 µS/cm (and typically 0.055 µS/cm, the minimum conductivity of ultrapure water at 25 ),
thereby meeting this possible requirement. MB-IX, as well some applications of electro
deionization (EDI), is a viable means of demonstrably producing sub-ppb EI concentrations.
These are not theoretical water systems—instead they are commonly found in various industrial
applications, including pharmaceutical and other life sciences. 
However, as a practical matter, fewer than 20% (perhaps fewer than 10%) of pharmaceutical
water systems use MB-IX purification technology as a final step today, and then almost
exclusively for PW or Highly Purified Water (Ph Eur) systems. MB-IX was widely used in the
past, but applications have declined in recent years because EDI is a more cost-effective
option. Though EDI will not generate 0.055 µS/cm water today, it can perform in the range of
0.06–0.10 µS/cm depending on the water system design, and the operational and maintenance
costs of EDI generally are lower than those for MB-IX systems. 
However, for WFI production, distillation remains the most common final purification technology
step and comprises > 99% of all systems. Distillation systems generate an in line conductivity
ranging from 0.08–0.3 µS/cm (12–3 Mohm-cm), and thus the conductivity produced by common

distillation cannot meet the lower conductivity limit that could preclude the need for 232
testing. 
Does the presence of CO2 have any effect on water purity and a potential conductivity
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test? 
In distillation-based water systems, one of the primary impurities that increases the
conductivity of the pure water is carbon dioxide (CO2). In water, atmospheric CO2 dissolves

immediately to form carbonic acid (H2CO3), a weak acid (pK1  6.3) that is in equilibrium with

H+ and HCO3 . In any water system, whether it uses MB-IX or distillation, these ions cause an
increase in the conductivity because of the presence of innocuous atmospheric CO2. So a
distillation-based water system that produces water with an on-line conductivity of 0.1 µS/cm
could achieve compliance with the required limits of EIs, but the conductivity could be masked

by the presence of H+ and HCO3  that is formed from atmospheric CO2. 
In another example of the effect of CO2, the production of ultrapure water by MB-IX
technology commonly achieves 0.055 µS/cm (18.2 Mohm cm). This often is referred to as de-
ionized or DI water, in which “all” the ions have been removed by the ion-exchange technology

(except the H+ and OH  ions associated with the auto-dissociation of the water molecule).
[Note——Water can never be completely de-ionized, but extraneous ions can be removed.] 
The effect of atmospheric CO2 is critical to samples of distilled or DI water that have not been
protected from exposure to air. Even if a water system produces water with an in-line
conductivity of 0.055 µS/cm, any conductivity measurements made on samples that are

exposed to air will result in a typical conductivity of approximately 0.6 1.2 µS/cm depending on
the amount of CO2 in the local air and the time delay between sampling and conductivity
measurement, even in pristine environments. Ambient CO2, which dissolves immediately in
aerated samples, is always present at a concentration of at least 400 ppm, and it cannot be
controlled. So if analysts measure the conductivity off line, they can never meet a < 0.067
µS/cm specification because of the presence of the ambient CO2 in air unless they remove the
CO2 from the water sample. 
One approach to remove CO2 from an atmosphere-exposed high-purity water sample has been
demonstrated in private unpublished laboratory testing. Purging or sparging the water sample
with a CO2 free gas such as N2, Ar, or He (99.99% or better) can displace the dissolved CO2 in
a few minutes, and analysts will observe that the conductivity of an aerated, formerly DI water
sample will lower immediately. The remaining conductivity is caused directly by naturally forming

H+ and OH  plus any trace metals or residual unpurged CO2, trace CO2 from the purge gas, or
air re-intrusion. The challenge is to construct a device that can contain a water sample, allow
introduction of the purge gas, and permit a conductivity measurement without allowing air
ingress. This approach may be unwieldy, but can work. 
Until now, the discussion has been about the 4 lowest concentration EIs under stringent
conditions imposed by LVPs because of the potential daily dose of 1 L. Are there any

circumstances or conditions under which 645  or any other practical achievable

conductivity limit could be applied to reduce or exclude 232  testing? 
The chemical–conductivity model also was developed to determine the minimum conductivity at
the relevant EI concentrations, but it has the capability to determine the conductivity based
on lower dosage volumes and routes. For example, one would expect lower dosage volumes of
liquid oral dosage forms, inhalation dosage forms, and small-volume parenterals. 
For lower dosage volumes, a conductivity limit test (more than 0.06 µS/cm but less than 1.3

µS/cm) could be applied successfully as a replacement for 232 . For example, consider a 1-
mL daily dose for an inhalation volume. A conductivity < 1.23 µS/cm would be necessary to
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ensure compliance with 232 . Meeting the requirements of 645  Stage 1 would virtually
ensure this compliance. For an SVP with a 10-mL daily dose, a conductivity < 0.17 µS/cm

would be necessary to ensure compliance with 232 , which is more challenging than the first
example but is readily achievable. For an oral 100-mL daily dose, a conductivity < 0.067 µS/cm

would be necessary to ensure compliance with 232 , which is even more challenging than
the last example but still is achievable. 
In this analysis, the conductivity limit for WFI would be either 1) variable depending on the
dosage volume or 2) harshly too low for usages that do not warrant such a limit. In either case,
for the application of variable limits or a low conductivity limit test, the ramifications for the
manufacturer are noteworthy, particularly for a manufacturer of diverse products. Another
approach would be preferable.

APPLICATION OF DRINKING WATER REQUIREMENTS AS A REPLACEMENT FOR 232  
As mentioned in the Introduction, when the traditional wet chemical tests for chloride,
ammonia, calcium, sulfate, and CO2 were replaced with a conductivity test in 1996, there also
was a separate heavy metals test, failure of which could not be directly precluded by the
proposed conductivity limit model. The test had been in place for PW and WFI, but water
samples never failed, according to industry input. Also, the limits for heavy metals under the US
Environmental Protection Agency National Primary Drinking Water Regulations (NPDWR) are
much lower than the 0.10 µg/g (ppm) limit for the USP heavy metals test (shown in Table 3 for
several metals). Because the starting water used to make PW and WFI had tighter control over
heavy metals than did the sensitivity of heavy metals tests in the water monographs, the
heavy metals monograph test was deleted as superfluous. Researchers later demonstrated with

testing of water spiked at the heavy metals limit that meeting the USP 645  limit test would

eliminate the need for the heavy metals test.3 In other words, passing 645  ensures that
the heavy metals test also would pass. 

Could the US NPDWR limits be used to confirm or demonstrate compliance to 232 ? 
A fundamental requirement in the production of PW or WFI is that “it is prepared from water
complying with the US Environmental Protection Agency National Primary Drinking Water
Regulations or with the drinking water regulations of the European Union or of Japan, or with
the World Health Organization's Guidelines for Drinking Water Quality.” For Sterile WFI, a
fundamental requirement is that “it is prepared from WFI.” So WFI and Sterile WFI originate
from water that meets NPDWR. 
Table 3 lists the NPDWR limits for several EIs, and in particular the lowest-concentration EIs. In
each case for the 4 most critical EIs, the NPDWR limit is higher than the LVP Water EI limit but
usually is far less than an order of magnitude higher.

Table 3. Comparison of the Derived 232  LVP Water Limits and US EPA National
Primary Drinking Water Regulation (NPDWR) Limits

Element

LVP
Water

EI Limits
(µg/L)a

NPDWR
Limits

(µg/L)a

Log
Difference

NPDWR 
Limits Minus

EI Limits

Final Purity
Starting

with 
NPDWRb

Log
Difference

Final Purityb 
Minus EI
Limits

Cadmium 2.5 5 + 0.30 0.005 − 2.70
Lead 5 15 + 0.48 0.015 − 2.52
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Inorganic
Arsenic

1.5 10 + 0.82 0.01 − 2.18

Inorganic
Mercury

1.5 2 + 0.13 0.002 − 2.87

Iridium 10 —c    

Osmium 10 —c    

Palladium 10 —c    

Platinum 10 —c    

Rhodium 10 —c    

Ruthenium 10 —c    

Chromium —d 100  0.1  

Molybdenum 10 —c    

Nickel 50 —c    

Copper 10 1,300 + 2.11 1.3 − 0.89
Heavy Metals 100e —c    

a  µg/L is equivalent to parts per billion.
b  Assumes a 3-log purification process.
c  No limit for these metals in NPDWR.
d  Not a safety concern for LVPs.
e  This is not an LVP EI limit. This is one of the former limits for PW and WFI dating back to
1996.

As can be seen in the second column of Table 3, the four most toxic 232  EIs have lower
limits than the former compendial water heavy metals test. Also, those EI limits are somewhat
lower than the corresponding EI concentrations allowed in NPDWR Drinking Water. 
However, we know that further purification of this starting water does occur in the process of
generating USP PW and USP WFI. It is common industry knowledge that a distillation unit will
accomplish a purification of at least three orders of magnitude (4,5). Most distillation equipment
operates with a much greater level of purification, and all require some level of pretreatment to
protect the equipment from scaling. Pretreatment typically involves at least the replacement of
positively charged hardness ions with sodium ions by a softener, and some distillation
equipment uses more thorough purification. Those preliminary purification processes
preferentially reduce the concentrations of the EIs on the basis of their molecular size as well
as charge, and they further produce a reduction in ion concentration by a two or more orders
of magnitude. Even for systems that do not use distillation, the alternative purification
processes using deionizing resins or a combination of reverse osmosis and DI typically have
comparable if not more efficient ionic contaminant removal than does distillation alone. 
The fourth column in Table 3 shows the log10 amount by which the Drinking Water limits on EIs
are still above the EI limit for LVP waters. However, the fourth column shows the resulting
lower concentration, assuming a 3-log (thousand-fold) purity improvement by the water
pretreatment and purification processes. The fifth column shows the log difference in the final
purity compared with the EI limits for LVPs. In every case, these negative log differences

demonstrate that the resulting EI concentration is more than 100 times lower than the 232
EI limit for the finished water. Even a less efficient purification process capable of only a 100-
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fold or even 10-fold contaminant reduction still would be sufficient to reduce the potential
starting levels of EIs in the drinking water to less than the limit amounts in the finished water.
Nevertheless, the safety factor imposed by a more efficient purification process (3 logs or
better) is well advised. 
Therefore, the combination of the starting water's regulated low levels of the most toxic of the

elemental impurities identified in 232  and the further purification by at least 1000-fold of
that starting water together yield assurance that the purity of USP PW or WFI complies with

the 232  EI limits for water used for LVPs and other dosage forms. In other words, the
combination of starting with the proper water and using common purification technologies has

the potential to avoid the EI testing burden mentioned above and ensures compliance with 

232 . However, this argument assumes that neither the water purification process nor other
subsequent manufacturing process nor packaging adds EIs to this water. This caveat is
discussed later. 
What about international drinking water requirements? Will this approach work for USP-
compliant pharmaceutical waters made with these starting waters? 
The World Health Organization (WHO) Drinking Water Guidelines are listed in Table 4 for the
same series of LVP water EIs shown in Table 3 and is presented in the same fashion. Although
the limits are somewhat different for WHO-compliant drinking water, logic like that used for
NPDWR starting water applies to pharmaceutical waters made from WHO drinking water.
Therefore, USP PW and WFI made from WHO-compliant drinking water necessarily would pass

the 232  EI limits for LVP water, eliminating the need to separately test for these EIs

according to 232  or a surrogate conductivity test. 
If an LVP or other product manufacturer uses a different international drinking water as starting
water to make USP PW or WFI, then a similar table could be constructed for the allowed EI
levels in that starting water, and a similar 1000-fold purification process would prove
compliance with the allowed EI levels in the finished water used for LVPs. However, as before,
this argument assumes that neither the water purification process nor other subsequent
manufacturing process nor packaging adds EIs to this water.

Table 4. Comparison of the Derived 232  LVP Water Limits and WHO Drinking Water
Guidelines

Element
LVP Water EI
Limits(µg/L)a

WHO
Limits

(µg/L)a

Log10
Difference

WHO Limits
Minus EI
Limits

Final
Purity

Starting
with
WHO
DWb

(µg/L)

Log10
Difference

Final Purityb

Minus EI
Limits

Cadmium 2.5 3 + 0.08 0.003 − 2.92
Lead 5 100 + 1.30 0.100 − 1.70
Inorganic
Arsenic

1.5 10 + 0.82 0.010 − 2.18

Inorganic
Mercury

1.5 6 + 0.60 0.006 − 2.40

Iridium 10 —c    

Osmium 10 —c    
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Palladium 10 —c    

Platinum 10 —c    

Rhodium 10 —c    

Ruthenium 10 —c    

Chromium —d 50  0.050  

Molybdenum 10 70 + 0.85 0.070 − 2.15
Nickel 50 70 + 0.15 0.070 − 2.85
Copper 10 2000 + 2.30 2.0 − 0.70

a  µg/L is equivalent to parts per billion.
b  Assumes a 3-log purification process.
c  No limit for these metals in WHO Drinking Water Guidelines.
d  Not a safety concern for LVPs.

Can the materials of construction add impurities to the starting drinking water? 
In theory, it is always possible for the materials of construction to add impurities. In practice,
this is highly unlikely. The materials of construction are typically welded 316L stainless steel,
polished and passivated. The safety and inertness of the primary constituents of this grade of
stainless steel (Fe, Ni, and Cr) have been documented as having low levels of metal leaching
into water (6). In addition, 316L is harmlessly used almost exclusively in pharmaceutical
manufacturing. Other materials of construction typically are organic (diaphragms, seals, filters,
etc.), but these are not EI sources. Potential sources of EIs are lead and mercury solder, old
plumbing, etc., which could be found in older, not-updated piping systems. 
Can the water purification or distribution process add impurities to the starting drinking
water? 
Regarding water purification processes, by definition, the processes and materials are selected
and intended to generate a 3- to 5-log reduction in all types of impurities, including inorganic,
organic, and microbiological moieties. If any of the specific EIs were added back to the water
from any of the materials of construction (MOCs) or media used in the purification process and
not subsequently removed by the purification process itself, then the purification process would

not be operating efficiently enough to meet 645  or 643  specifications for PW and WFI.
The stainless steel used in pharmaceutical water systems commonly is found downstream of
and throughout the purification process, but it has already been eliminated as a source (see
discussion above). However, many other MOCs could be present. Water system users are
responsible for demonstrating by validation or other means that the MOCs of a water system do
not contribute objectionable levels of EIs to the finished PW or WFI. 
What about the possibility of putting EIs back into the water product? 
The possibility of putting EIs into the water via the purification process or system materials of
construction has been addressed above. However, other sources could arise from the
containers into which the water is placed and perhaps terminally sterilized. For example,
manufacturers should avoid the use of EI-containing inorganic inks that can diffuse through
plastic containers or stoppers for glass containers. The manufacturer must ensure that the
handling, packaging, and storage processes for these waters and their associated LVPs and
other products are devoid of EIs.

CONCLUSIONS 
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Regarding the production of LVPs that include WFI or Sterile WFI, compliance with the

respective USP water monographs reasonably ensures that the requirements of chapter 232
are met. Because LVPs carry the most restrictive EI requirements for the waters used in all
dosage forms, including those made from high-purity PW, all USP monographed waters similarly

comply with 232  requirements. The rationale is that all USP water monographs require that
1) the starting water comply with specific drinking water regulations that greatly limit the

presence of the most toxic EIs specified in 232  and that 2) the purification required to make
the water compliant with the USP monograph chemical specifications further reduces the

potential EI levels in the water to 232  compliant levels. Therefore, the control of EIs to safe
levels in monographed pharmaceutical water is ensured, assuming these EIs are not added back
to the water during further processing, packaging, or storage steps.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Public Documentary Standards and Reference Materials

Roger L Williams, MDa

ABSTRACT This document provides general statements about USP's public standards for food
and drugs (medicines) and explores the implications of those statements for USP's current and
future work and related interactions with and communications to stakeholders. The article is
presented as a Stimuli article for all USP's compendia but will not, in and of itself, result in a
standard.

OVERVIEW 
The relationships among procedures in public monographs for foods and drugs and their primary
and secondary reference materials are complex, and the nomenclature varies. Despite this
complexity and inconsistent nomenclature, the overarching policy elements and opportunities
are increasingly clear. The following statement reflects a global opportunity for public testing
standards and is drawn from a USP Council of Experts and staff publication titled “Primary and
Secondary Reference Materials for Procedures to Test the Quality of Medicines and Foods.”

For medicines and foods, a national or regional or even global goal might be a comprehensive
collection of public documentary and reference material standards that can be used by first,
second, and third parties to test for quality. This would support concepts embodied in US law
and elsewhere that documentary and reference material standards are used in an official
compendium. An even more ambitious goal might be a single collection of documentary
standards and reference materials to support testing of medicines and foods. If achieved, this
goal would support the metrological objective of one test that is accepted everywhere
without regard to time or space (i.e., “once tested, everywhere accepted”). National
standards would be qualified and would be traceable to this more general standard. This
harmonizing goal has proceeded at a relatively slow place both for medicines and their
ingredients and for foods and for processed foods and their ingredients. Yet the scientific
understanding of the overall challenge may allow a more rapid achievement of what once
appeared to be a remote possibility. With availability of monographs where multiple acceptable
procedures might be allowed (and one reference procedure designated for purposes of
compliance), coupled with certified reference materials (CRMs) and other reference materials
as needed, it is possible to imagine that a full cohort of public procedures and reference
materials may become available in the coming years to help ensure the quality and benefit of
medicines and foods. The approach relies on and is amplified by the availability of CRMs. Many
specific agreements and solutions must be worked out among regulatory agencies,
pharmacopeial bodies, and medicines and foods manufacturers to advance to this opportunity,
but the overall benefit to all and especially to patients and consumers—is increasingly clear
(1).

The vision expressed in this view of the USP Council of Experts and staff is all embracing and
poses both opportunities and challenges in a globalizing world. Perhaps not the least of these
challenges is a high-level view of how USP might organize/re-organize itself relative to its

PF 39(1): Jan.-Feb. 2013 445



national and global commitments.

STATUS 
USP's documentary standards (monographs) for food and drugs are approaching 10,000. USP's
reference material collection is approaching 3,000 and is the organization's principal source of
income. The majority of USP's documentary (> 75%) and reference (> 60%) materials originate
in donations from manufacturers. In terms of replacement costs, these donations are highly
valued. Despite impressive efforts, all of USP's compendia are missing both documentary and
reference material standards, and many others require updating, as shown in Figure 1.

Figure 1. Status of monographs in USP's compendia (as of August 2012).

MEDICINES

Barriers and Challenges to Public Standards 
USP relies on the donation of information and materials and thus historically has been almost
entirely dependent on manufacturers' willingness and ability to make donations. Manufacturers
often are reluctant to submit information and candidate materials either because they are
concerned about intellectual property (IP) issues or do not see a benefit that justifies the time
and expense required to work with USP to create a public standard for their articles of
commerce. In addition, some argue at times that there is no need for a public standard until
there is generic entry and multiple companies are manufacturing a product. In recent years
there also has been an increased focus on the part of manufacturers and FDA on Good
Manufacturing Practice (GMP) approaches [Quality by Design (QbD), etc.] and possibly
decreased emphasis on end-product testing.

Rationale for a Public Monograph 
As noted in the USP history, The Spirit of Voluntarism, USP 1820–1995, James Beal's position
during the 1930s about the constitutionality of USP's being named in US law “was a simple one
that had remained essentially unchanged since passage of the 1906 Food and Drugs Act. The
Committee of Revision did not make law, Beal said repeatedly; it only made the United States
Pharmacopoeia. Congress had, without solicitation from the USP, chosen to recognize the USP
as a standard of measurement against which to compare drug products, making the USP no
different, as Beal saw it, from the legal system of weights and measures” [italics added] (2).
These standards of measurements at times have been referred to as yardsticks. 
This argument remains compelling and is reflected in several of USP's metrology papers
published in the 21st century. The latter argue that a global system of public weights and
measures for medicines should exist (1,3–5). In part this global system already exists for
biologics via WHO's maintenance of the International Unit (IU) for many, but not all biologicals
(6). For medicines for which SI (Système International d'Unités) units are applicable—most
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medicines are measured in mass for strength and other attributes—the SI system has advanced
considerably since Beal's time, yet the concept of a public yardstick remains. And this yardstick
is provided publicly by USP (and other pharmacopeias) via both the public monograph and its
allied reference materials. The concepts of traceability and uncertainty further emphasize the
Beal view. 
The public yardstick advocated by Beal has become part of a complex set of actions needed to
ensure the quality, safety, and efficacy of a medicine during its time in the market. Current
Good Manufacturing Practices (cGMPs) are critical, as are many other manufacturer, regulatory,
and compendial standards. These standards are subject to conformity assessments by first
(sellers), second (buyers), and third parties (those independent of buyer and seller—regulatory
agencies, compendia, and others). The role of third parties on behalf of the practitioner and
patient or consumer is especially important. The intrusion of third parties into first-party
manufacturing is necessarily limited—and at times virtually nil. The availability of reference
material from a third party (e.g., a pharmacopeia or codex) is one way that a third-party
presence always can be active at the point of manufacture—recognizing that third-party
inspections can be rare or nonexistent. In this context, we should celebrate and not diminish
the value of public monographs and allied reference materials. At times an argument against
testing is made along the following lines: “You cannot test quality into a product, and testing a
product does not ensure quality.” The original intent of the phrase was to emphasize that
repeated testing to get a pass result is not acceptable—not that testing a medicine doesn't
help ensure its quality. It is undeniably true that testing a medicine helps ensure its quality—
and practitioners and patients would be ill served if testing to either the private or public
specification did not routinely occur. As an example, such testing by means of third-party
[official medicines control laboratory (OMCL)] market surveillance is important in all countries
and particularly in those where counterfeit and substandard medicines are on the rise. 
USP believes that Beal's yardsticks, i.e., public testing standards, continue to help all
stakeholders maintain confidence in the quality of medicines on the market, whether the
medicines are available from single or multiple sources, throughout the life of the product. If
one thinks of cGMPs and allied registration processes, there is a moment in time when
regulators have great control—and that is the time of the market-access decision when
manufacturers agree to many requirements, including creation of a private specification, in
order to gain market access. After this time, though, regulatory control can diminish rapidly.
The availability of public documentary and reference materials standards allow a continuing
presence of third parties—both regulators and compendia. 
USP thus believes that public compendial monographs and reference materials should be
available from the time of marketing for all medicines (7). At times the argument is made that a
public compendial standard should be available only when multiple manufacturers' products are
marketed, but USP believes this argument lacks logic. If an approved innovator product
presents low risk and thus does not require a monograph, why does the arrival of several
generics (which may have equivalent or better regulatory control via an approved application)
raise the risk? The need for public standards exists for all manufactured products, whether
innovator or generic, and the need begins at the time of marketing.

Lessons from the USP Medicines Compendium

Background 
At the outset, the motivation for the USP Medicines Compendium (MC) was simply to expand
the availability of public monographs and reference materials for USP in view of the challenges
that face USP–NF in having a full cohort of up-to-date monographs with allied reference
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materials (8). USP had no expectation that the MC would solve the deficiencies of USP–NF.
Rather, it simply was intended as a way to create standards for articles approved in any
country other than the United States. In the intervening time, USP made progress in better
understanding the science of developing monographs (3,4), which grew out of Council of
Experts thinking about QbD approaches for analytical development and validation approaches
(8). As MC is now evolving based on current experience since its launch in July 2011, it has
brought greater understanding to USP in the following ways:

USP itself can create a monograph based on the scientific approaches via multisource
procedures, e.g., procedures that are suitable for several different articles under the
same name. USP terms these types of procedures Reference Procedures. These
approaches thus can complement procedures submitted by manufacturers. Because a
manufacturer's donation might be optimized for its articles, multisource reference
procedures may be used to test many articles under the same name from different
manufacturers. The MC, however, does allow optimized, manufacturer-specific
procedures to be recognized as Acceptable Procedures, and its advantage lies in
creating a reference procedure that theoretically can serve as a single global testing
standard that is suitable for all articles under the same name.
USP can independently identify impurity reference materials needed to support a
monograph and can gain these materials via its own synthetic capabilities. Despite this
enhanced capability, USP always will benefit from access to donor material, particularly
for biologics for which USP synthetic capability is challenging.
USP will work to develop CRMs for the Assay and Identification tests, which work in
concert with the Reference Procedure approach.

Reference Materials 
Although USP's initial thinking was that USP would label reference materials for the MC
separately than those for USP–NF, it has now realized that CRMs (as well as other reference
standards) can be referenced in any compendium (including MC and USP–NF), and when they
do they can be used across all compendia, with appropriate testing. Thus CRMs and other
reference materials required under MC standards are labeled in the USP catalog in the same
way as other USP reference materials so that no specific compendium is referenced. USP will
conduct needed studies according to sound, science-based proposals to ensure that an already
existing USP reference material (e.g., a reference material for an existing monograph in USP) is
suitable for use in a procedure in the MC—or the reverse. Further information about USP's
approach to reference materials appears on the USP website (7).

Impurities 
By their development of MC standards, USP's laboratories have demonstrated that they can
independently build a strong understanding of ICH-type impurities (organic, inorganic, and
residual solvents) via independent work. This work is strengthened by good understanding of
synthetic processes to look for impurities that arise from building blocks (intermediates) used in
the manufacture of the drug substance, manufacturing process impurities (e.g., metals arising
from manufacturing equipment), and degradants. USP has established the following policy
regarding impurities for the MC:

USP promotes control of an impurity in an article only when it is present.
USP will work to provide reference materials for all relevant impurities. Examples include:
a) process impurities with a content of > 0.05%; b) degradant impurities after a forced

degradation with a target of 30% reduction in the active; c) impurities of  10% of
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total detected area from any one type of forced degradation; and d) impurities found
via multiple routes of forced degradation (when any one of the routes yields > 8% of
total detected area).

This approach can be applied to USP's other compendia as USP adapts MC approaches more
broadly in its standards-development activities. In fact, one outcome of USP's work with the
MC is that it has become increasingly clear that a multisource Reference Procedure may be
used to generate new monographs and update existing ones for USP–NF.

The Drug Product 

MC general chapter Assessing Dosage Form Performance Quality 12  is emerging as a
powerful way to advance optimally bioavailable drug products. Details and understanding of this
remain to be fully worked out, but the general approach raises the opportunity of a global
system of interchangeable products based on in vitro dissolution studies alone.
Pharmaceutically equivalent drug products that are optimally bioavailable products would
necessarily be bioequivalent one to another. If this approach could be adopted, about 70% or
more of chemical medicines might be deemed optimally bioavailable provided that they are
manufactured in rapidly dissolving dosage forms (9,10). These concepts supporting the notion
of a global comparator product has been articulated by WHO over the past several decades
and also has been discussed by USP more recently (11,12).

Biologic Medicines 
Based on experience with the MC and with support from manufacturers, USP notes the
emerging concept of a global reference material tied wherever possible to the WHO Biologic
Reference Material (BRM) that fixes and maintains the IU to allow public reference materials for
routine batch release. This third-party material is not accessible from WHO, which provides only
small BRM amounts to support calibration of national and regional reference materials. Thus by
working cooperatively with manufacturers in any part of the world and building an MC
monograph with reference materials (focusing on the biologic potency test), USP can provide
key biologic reference materials for routine manufacturing. Additional value might arise here as
analysts focus on in vitro vs. animal in vivo tests for biologic potency. The more basic
argument relates to the position noted above: namely, that a public monograph and reference
material should exist from the time of marketing. 
For these reasons, the experience with the MC to date is that it offers a much broader
opportunity beyond just creating monographs for medicines legally marketed outside the U.S.
The MC approaches allow both Reference Procedures with Acceptable Procedures that are
suitable for multiple drug articles in commerce, irrespective of their origin. Its open-access
character thus may advance strong science-based monographs with allied reference materials
in all pharmacopeias, including USP–NF. Both types of procedures—Reference and Acceptable—
are referee methods and can be used for purposes of compliance. A nonoptimized Reference
Procedure for assay, identification, and impurities tests in the public monograph offers
advantages to all stakeholders. As an example, an OMCL may have to scrutinize multiple
products with similar ingredients. Each manufacturer might have its own acceptable procedure
that would require special laboratory capability. A Reference Procedure might allow testing
across many examples of the same medicine from a market. The value here would be true even
if there were only one manufacturer; i.e., questions may arise about the quality of a single
manufacturer's product or its ingredients, and these issues might not be picked up by an
optimized acceptable procedure but would be identified by a non-optimized reference
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procedure. A labeling requirement in an MC monograph could be used to indicate which method
is followed by the manufacturer who chooses to label the ingredient or the product with the
letters USP MC to indicate compliance. Overall, the general approach embodied in the MC
accords well with other publications that speak to the value of an early monograph via an ideal
pharmacopeia.

TOWARD A GLOBAL SYSTEM 
USP's policy approaches are guided by science, which for purposes of policy decisions speaks
specifically to the science of measurement (metrology) (3–5). Undergirding this science are
general concepts related to the importance of a CRM, which provides information about
traceability and uncertainty. For food and drugs measured in mass and units, global systems
are present and can be strengthened. Unitage for biologics is maintained by WHO. SI units are
maintained by the Bureau International des Poids et Mesures (BIPM) so that traceability for
medicines measured in mass is in place. Despite much progress, there is no global regulatory
agency, no global system of OMCLs, and no global, harmonized set of food and drug
monographs with allied reference materials. Instead, there are many nonharmonized
monographs, supplemented at times by the WHO International Pharmacopoeia. In some ways,
the MC may be seen as complementary to all pharmacopeias, and this positive character is
enhanced by MC's open-access character and rapid, Web-based approach to allow public
comment. Integral to the approach is a broad repository of chemical reference materials
analogous to the biologic reference materials now maintained by WHO.

WORKING COLLABORATIVELY

First Parties (Manufacturers) 
The MC approach suggests that a pioneer's donation of a drug substance, once made into a
CRM that works in conjunction with a Reference Procedure, potentially can be used across all
procedures in any pharmacopeia. Ultimately this leads to global harmonization, which the
pioneer industry has always called for. In some ways, the MC accords with the notion of the
“ideal pharmacopeia” as articulated by the pioneer industry because it can provide a single,
ICH-based global standard that can apply across markets and manufacturers (13,14). 
USP now is in the position to discuss with all manufacturers some of the ideas advanced in the
present policy document. Manufacturers might acknowledge that outside the United States
control of a market with good quality standards is generally in their interest and is an area
where USP can make a contribution. In contrast, USP has no way to influence market-access
decisions—or IP protection via patent and exclusivity. Thus all manufacturers might come to
realize that good public standards from USP perhaps have no negative but only positive impact
on their interests outside the United States. Because the MC relies primarily on work done in its
own laboratories, it might be argued that the MC protects donors' IP and spares them the
resources that might be needed to support donation of information and materials.

Second Parties (Buyers) 
There are many second parties for food and drugs (buyers from suppliers, etc.) but the primary
buyer of a medicine is always the patient or consumer. Comprehension of the arguments in this
article would be difficult for this group but would not be impossible to convey, and patients or
consumers might well benefit from clear statements about food and drug quality and the value
that independent public standards play in ensuring this quality.

THIRD PARTIES (MINISTRIES OF HEALTH, REGULATORY BODIES, AND PHARMACOPEIAS) 
In resource-poor countries where borders are porous, regulatory control is weak, and OMCL
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laboratory capacity is limited or nonexistent, the value of a good pharmacopeial monograph
with allied reference materials rarely needs defense. Where regulatory resources and market
control are strong, the regulatory argument for private review and control rises, particularly
when coupled with strictures on sharing trade secret information. Even in these settings,
however, the value of public monographs and allied reference materials is highly defensible, as
stated in this article, and arguments in favor of these public standards gain traction with rising
concerns about counterfeit or substandard medicines. Indeed the MC's reference procedure,
because it is non-optimized for all articles, allows a fingerprint that can be used to detect the
presence of spurious ingredients, including ingredients intended to produce harm. Beyond this
opportunity, the public monograph can be linked to screening methods, e.g., spectral libraries
that can further detect and deter substandard and/or counterfeit medicines. 
Over the past several years, USP has attempted to create policy in its work with other
pharmacopeias. This policy begins with adopt/adapt approaches that can evolve toward open
access. For reference materials USP should be positive in its public health offerings. As
examples, USP can work with all pharmacopeias to provide up-to-date monographs for
medicines on a nation's essential medicines list, with further support that results in a reference
material for identification and assay tests. Indeed, criteria for selection for monographs in the
MC focus on providing monographs for essential medicines, and these are publicly available to
all without charge. USP has recently worked with the Chinese Pharmacopoeia Commission (ChP)
to convene the Global Summit of the Pharmacopoeias (GSP). GSP includes all pharmacopeias in
the world and is considering drug substance and product harmonization and other topics. 
Based on these considerations, USP now is in a good position to work with all stakeholders,
including regulatory bodies in the United States and elsewhere. Administratively, the availability
of procedures even without acceptance criteria may be especially valuable because of their
importance in initial studies that lead to a reference procedure. Approaches that expand
compendial recognition and reduce reliance on alternative procedures that have not entered
the compendium may further expand opportunities and become resource sparing both for
manufacturers and regulatory bodies while strengthening public confidence. For example,
adherence to a good public monograph with review of optimized acceptable procedures may be
associated with reduced or absent regulatory filing, provided adequate records are available via
a GMP inspection.

NEXT STEPS 
USP intends to work with all parties to better understand both the challenges and opportunities
of coming to a strong cohort of public monographs with allied reference materials, coupled with
allied support activities for food and drugs. This vision embraces and expands on the concepts
embodied in Beal's arguments many decades ago for public yardsticks for use by all.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Responses to Public Comments about the Introduction of General Chapter Inhalation
and Nasal Drug Products—General Information and Product Quality Tests <5> and

Revisions to General Chapter Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry
Powder Inhalers <601>

Subcommittee on Aerosols to the Pharmaceutical Dosage Form Expert Committee: Anthony J.
Hickey (Co-Chair), Jolyon Mitchell (Co-Chair), Paul Curry, Jason Suggett, Guirag Poochikian,
Anthony J. DeStefano, Vinod P. Shah, Kahkashan Zaidia

ABSTRACT In 2011 USP published a new general chapter, Inhalation and Nasal Drug Products—

General Information and Product Quality Tests 5 , and revisions to a related general

chapter, Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601 , in
Pharmacopeial Forum 37(4). USP convened a workshop as a public forum to discuss the new
chapters and to consider public comments to the PF presentation. Public comments and
workshop responses can be divided into four major categories: nomenclature and terminology;
omissions; misconceptions and misunderstandings; and substantive disagreements. This Stimuli
article addresses the manner in which the Subcommittee on Aerosols to the Pharmaceutical
Dosage Forms Expert Committee (the Subcommittee) has addressed these questions and
intends to proceed in response to public comments.

INTRODUCTION 
During the 2005–2010 revision cycle USP adopted a new taxonomy as a framework to position
existing general chapters and monographs and to guide the development of new publications
(1). This new approach highlighted deficiencies with regard to products that deliver drugs by
the nasal and pulmonary routes. The essence of the new taxonomy is a tiered approach in
which tier 1 identifies the route of administration, tier 2 identifies the dosage form and its
physical properties (e.g., solid or aerosol), and tier 3 identifies the release pattern and
performance characteristics (e.g., immediate release) of the dose form. This then allows the
establishment of quality and performance specifications and accompanying quality and
performance tests. After some debate and several workshops convened during the past cycle,
USP determined that the performance tests for aerosols are those identified in the current

general chapter Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601

 for delivered dose uniformity and aerodynamic particle size. However, stakeholders also
concluded that this chapter does not include many other product quality tests that appear in
chapters for other dosage forms. Consequently, work began on general chapter Inhalation and

Nasal Drug Products—General Information and Product Quality Tests 5  to describe general
quality tests for aerosols. This chapter appears in a series of single-digit chapters that describe

quality tests for all dosage forms. Both the new general chapter 5  and the revised general

chapter 601  were published for review and comment in 2011 (2,3). 
Because the quality tests were adopted based on current FDA guidance and because the draft
guidance on aerosols has been in effect for 14 years (4), the Subcommittee decided to adopt
the limits on delivered dose uniformity stipulated by FDA. The objective was to avoid confusion
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or conflict that could arise if manufacturers adopted the previous USP limits and as a result did
not meet FDA requirements for product approval. The Subcommittee anticipated that this
change would initiate a worthwhile debate to clarify the rationale for the proposed changes. 
The Subcommittee received 63 pages of public comments that identified points for clarification,
discussion, and resolution of disagreements. When the Subcommittee saw no clear rationale for
not adopting public suggestions, it incorporated them into an intended revision of chapters
presented in PF. The reasons for retaining items are outlined below. The following sections are

the views of the Subcommittee for further revisions to 5  and 601 . These
recommendations and any further public comments to the General Chapters—Dosage Forms
Expert Committee will determine if the changes should become official.

Nomenclature and Terminology 
Many respondents commented that USP's terminology is confusing. Many of these comments
appear to arise from comparisons of USP terms with those in common use or in a few cases
with terms previously employed by USP. Over the past several years—first in collaboration with
the Aerosols Expert Committee (2005–2010) and more recently with the Pharmaceutical Dosage
Forms Expert Committee (2010–present)—the Nomenclature Expert Committee has developed a
standard approach to naming inhaled and nasal drug products (1). For consistency within this
nomenclature, many commonly used and previously employed terms are no longer acceptable.
The Subcommittee is not empowered to unilaterally change the nomenclature or to employ
terms that do not reflect the overarching intent of USP nomenclature for aerosol drug products,
which is the responsibility of the Nomenclature, Safety, and Labeling Expert Committee. The
respondents were not aware of this when they reviewed the general chapters because a

nomenclature table appears elsewhere in USP (see Injections 1 , Nomenclature and

Definitions). Consequently, a nomenclature table will be added to general chapter 5  to
inform readers about terminology for aerosol drug products in USP. In addition, a glossary of

terms related to dosage forms will appear in Pharmaceutical Dosage Forms 1151  and will be

referenced in 5 .

Omissions 

Several respondents observed that valuable elements of general chapter 601  were omitted
in the revised version. The committee realized that this was the case and intended to place

these items elsewhere but had not done so when the proposed revisions to 601  were
published. Since the Subcommittee received public comments it has prepared three new

chapters that are published in this issue of Pharmacopeial Forum: Propellants 602 , Topical

Aerosols 603 , and Leak Testing 604 . The Subcommittee expects that these new general
chapters, which were created from prior text, will resolve this issue.

Substantive Disagreements 
By far the most common disagreement both from respondents and the workshop relates to the
intent to narrow the acceptance criteria for delivered dose uniformity to those of the FDA's
1998 draft guidance (4). The preponderance of the opposition to this change stems from the
understanding that several products currently marketed would fail this test. The Subcommittee
in response has deleted the acceptance criteria for delivered dose uniformity in the next
version in recognition of the product-specific nature of such criteria. This approach is
consistent with that taken for aerodynamic particle size distribution and may be addressed in

PF 39(1): Jan.-Feb. 2013 454



drug product–specific monographs. A future informational chapter will offer recommendations
for product quality performance criteria and aerodynamic particle size distribution.

CONCLUSION 

The public comments and the subsequent workshop that addressed the new general chapter 

5  and the revised general chapter 601  helped the Subcommittee to address an important
range of topics that fell in most cases into the categories of nomenclature and terminology,
omissions, misconceptions, and substantive disagreements. The input from a range of
stakeholders has improved the revised general chapters, has strengthened the rationale for the
revisions, and has identified future items that will be addressed.
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APPENDIX 1: SPECIFIC RESPONSES

Comments on <5>

GENERAL COMMENTS 
Inconsistencies in terminology (e.g., critical quality attributes, product quality tests, etc.) were
corrected. 
A nomenclature table was inserted to remove some of the confusion regarding terminology. 
Among general comments, several referred to critical quality attributes and were clearly trying
to link to Quality by Design, but USP does not promulgate tests for batch release. This situation
was clarified by removing the word critical. 
When certain organizations collaborate with USP on monographs and specific tests have been
exempted from the monograph, analysts should note that product monographs supersede
general chapters and thus exemptions can be made for specific circumstances (see General
Notices, USP 35, p. 3, first paragraph). Moreover, FDA filing requirements supersede conflicting
USP General Chapter requirements and presumably would be reflected in the company's
submission of a product monograph to USP. 
We agree that there may be some confusion regarding quality and performance tests. For most
dosage forms, performance tests are, by USP convention, tests that measure the rate and
extent of in vitro drug release, i.e., tests designed to monitor consistent dissolution
performance. For current commercially available immediate-release inhaled and nasal products,
the equivalent key performance tests are delivered dose uniformity and APSD. 

Additional cross-references between general chapters 5  and 601  have been made to aid
in the organization. 
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Textual repetition in each section is noted but has not been corrected. Many readers simply
scan the section that is relevant to their needs and thus require direction from each section to
the next relevant portion of the text. 
It was suggested that tests required for quality, characterization, and stability assessment be
identified as such. USP does not address questions of stability testing. Quality tests that are
required appear in general chapters < 1000, and development (characterization) tests that are
optional appear in general chapters > 1000.

DRUG PRODUCT QUALITY AND PERFORMANCE TESTS 
This general chapter requires plume geometry determinations for inhalation sprays and requires
determination of spray pattern for inhalation and nasal aerosols and nasal sprays. Spray pattern
is included in the general chapter because it reflects proper functioning of the delivery system.
This test is indicative of directionality and local density of the delivered dose. However, we
recognize that for inhalation sprays it may be difficult to measure this parameter, and thus
plume geometry is an acceptable alternative.

Assay: A respondent suggested that requiring an achiral assay for drugs for which racemization
is known to be insignificant during manufacture or storage goes beyond USP's purview and
steps into the arena of the regulatory approval process. The appropriate sentence was deleted
from the chapter.

Assay for Preservative: The assay for preservative presumes that a preservative is present.
Revised text clarifies that the assay should be used if a preservative is present. A definition of
stabilizing excipient has been added.

Dilution Compatibility: We addressed the respondent's request to combine this with the
reconstitution section by deleting this phrase and replaced it with Clarity and Color of Solution
according to Labeling.

Foreign Particulate Matter: The phrase “Particulate matter in the drug product may increase
with time, temperature, and stress” has been removed.

Microbial Limits: A respondent requested references to other microbial limits sections, but this
was not adopted. USP currently requires harmonization between microbial limits sections, and
thus referring to other sections could give rise to both confusion and error.

Moisture Content (Powder): A respondent pointed out that this test may be required for
pMDIs and DPIs, but for other dosage forms it may be optional. This has been clarified in the
revised text.

Net Fill Weight and Weight Loss: This section has been clarified to avoid the confusion
regarding these measures.

Osmolality: A respondent stated that osmolality is not a test for spray volumes in the
microliter range. However, osmolality is an important measure of solution properties.

INHALATION POWDER (4 COMMENTS) 
Volatile and semivolatile leachable content has been added. 
The statement in the description that DPIs deliver a consistent quality of active ingredient(s)
was deemed unnecessary by one of the respondents because it is implied for all drug products.
However, the comment was directed to unique physical characteristics of dry powders and has
been reworded to capture that intent.
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Comments on <601>

GENERAL COMMENTS 

Propellants now are included in a separate chapter, 602 . 
The Subcommittee acknowledges general comments about the structure of the chapter but
notes that it has been developed for consistency with the new USP taxonomy and
nomenclature. 
Some comments opposed the narrowing of the acceptance criteria limits for delivered dose
uniformity (DDU). Accordingly, all acceptance criteria have been removed because these limits
will be part of individual monographs. 
The confusion and lack of clarity regarding terminology should be overcome by the inclusion of

a nomenclature table in 5 .

DELIVERED DOSE UNIFORMITY OF PRODUCT AND SAMPLING THE DELIVERED DOSE 
Nothing had changed with regard to limits on nasal sprays. However, acceptance criteria have
been removed.

INHALATION AEROSOLS AND INHALATION SPRAYS—DELIVERED DOSE UNIFORMITY OF
PRODUCT 
Following comments received, the limits on DDU have been removed. 
The use of 2-L and 4-L volumes has been clarified.

INHALATION POWDER—DELIVERED DOSE UNIFORMITY OF PRODUCT 
There seems to be a misconception about the putative intent to increase the number of doses
sampled. The intent was to reduce the number of doses sampled. 
The request for consideration of alternative DDU methods will be forwarded to the expert
committee for further consideration. 
The requested revision, to avoid the word assemblies, has been adopted. 
There is a distinction between targeted delivered label claim and label claim, so the former
term has been retained. 
The mass balance test does not include limits, so no change has been made to the text. 
As requested reference to fine particle dose/mass has been included.

DROPLET/PARTICLE SIZE DISTRIBUTION—NASAL AEROSOLS, SPRAYS, AND POWDERS 
Because laser diffraction is recommended only for nasal products, the reference to beam-
steering effects is viewed only in that context. A comment noted that this also is true for MDIs
and is scientifically correct, but laser diffraction is not listed as a compendial method for MDIs.

GENERAL PRINCIPLES OF AERODYNAMIC PARTICLE SIZE MEASUREMENT 
USP appreciates the suggestion to use the term aerosolized drug but will retain the drug
leaving terminology. 
One comment noted the use of a generalized method for estimating mass median aerosol

diameter (MMAD). However, references to MMAD and related metrics will no longer appear in 

601 . USP is considering development of an informational chapter about the interpretation of
cascade impactor data. 
Stage cut-off sizes have been provided for the design or commonly used volumetric flow rates
for all cascade impactor apparatuses.

APPARATUS 1: ANDERSEN 8-STAGE NONVIABLE IMPACTOR WITHOUT PRESEPARATOR FOR
INHALATION AEROSOLS AND SPRAYS—DESIGN 
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The manufacturing tolerances for stages 2 to 7 have been rounded to ± 0.013 mm

APPARATUS 1: ANDERSEN 8-STAGE NONVIABLE IMPACTOR WITHOUT PRESEPARATOR FOR
INHALATION AEROSOLS AND SPRAYS—PROCEDURE 
The word may has been replaced by need. 
The revision has addressed the request to consider Apparatus 1 with a preseparator change in
order to accommodate engineered powders.

APPARATUS 2: MARPLE MILLER IMPACTOR FOR INHALATION POWDERS—DESIGN 
The Subcommittee has added information about nozzle diameters and other factors for Marple
Miller Impactors.

APPARATUS 3: ANDERSEN 8-STAGE NONVIABLE IMPACTOR WITH PRESEPARATOR FOR
INHALATION POWDERS—DESIGN 
This chapter has been revised to remove the suggestion that operating an impactor at flow
rates other than 28.3 L/min is incorrect.

APPARATUS 4: MULTISTAGE LIQUID IMPINGER FOR INHALATION POWDERS—DESIGN 
The critical dimensions listed in Table 8 have been reduced to those for the nozzle exit
diameter(s), and the manufacturing tolerances have been added for stages 1 to 3. Because the
stage 4 nozzles are tapered, both inlet and outlet diameters have been provided, together with
their manufacturing tolerances.

APPARATUSES 5 AND 6: NEXT-GENERATION IMPACTOR WITH PRESEPARATOR FOR
INHALATION POWDERS AND WITHOUT PRESEPARATOR FOR INHALATION AEROSOLS AND
SPRAYS, RESPECTIVELY 
As requested, in Table 9 the Subcommittee has added information about the optional micro-
orifice collector (MOC), and the manufacturing tolerance for the stage 5 nozzle to seal body
distance has been corrected to ± 0.241 mm. 
The reference to Figure 9 has been corrected to Figure 7. 
Design—Formulations have been revised to products to acknowledge formulation/device
combinations. 
As requested, the phrase add 15 mL has been changed to add up to about 15 mL to provide
flexibility. 
Use of drug and active ingredient has been standardized. 
In order to be consistent and as requested, we have removed references to release testing. 
After considering comments, the Subcommittee decided to retain use of internal standards. 
USP adopted wording changes in pressure ratios, as requested.

a  Correspondence should be addressed to: Kahkashan Zaidi, PhD, Senior Scientific Liaison, US Pharmacopeial
Convention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; phone 301.816.8269; e-mail kxz@usp.org.
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USP's Monographs in Support of FDA's OTC Monograph System: Modernization
Opportunities

Karen A Russo, PhD,a Susan S de Mars, JD,b Matthew Van Hook, JD,c Anthony J DeStefano,
PhD,d Michael Cutrera, MS,e Bernard Olsen, PhD,f Ernest Parente, PhD,g Glenn Van Buskirk,
PhD,h Roger L Williams, MDi,j

ABSTRACT This Stimuli article outlines a proposal to advance modernization of US
Pharmacopeial Convention (USP) quality monographs that apply to over-the-counter (OTC)
products marketed under the Food and Drug Administration (FDA) OTC monograph system. USP
monographs play a critical and unique role in ensuring the quality of these products, which can
consist of numerous combinations of FDA-sanctioned drug substances and are not required to
undergo a preapproval review (New Drug Application or Abbreviated New Drug Application)
process at FDA. However, in addition to the general challenges USP faces in obtaining the
information and material it needs to maintain up-to-date monographs, development and
maintenance of monographs for OTC products present particular challenges because of the
wide variety and rapidly changing nature of these products. To address these challenges, USP
is developing novel approaches to accelerate the development and modernization of drug
substance and drug product monographs for products marketed under the FDA OTC monograph
system. These approaches, which are presented in this Stimuli article, include: updating testing
technology, eliminating non–value added testing, increasing the USP in-house effort to develop
and validate methods, implementing the use of performance-based monographs, and using a
product-class monograph strategy. These new approaches will enable USP to more quickly build
and maintain meaningful public standards to ensure the continued high quality of products in
commerce.

FDA OTC MONOGRAPH SYSTEM 
Drugs legally manufactured or sold in interstate commerce are subject to clearance by one of
the marketing pathways provided by the Food and Drug Administration (FDA) under the Federal
Food, Drug, and Cosmetic Act (FDCA) (1). Drugs that require the supervision of a practitioner
can be dispensed only by prescription (Rx), but drugs that do not require such supervision can
be dispensed over-the-counter (OTC). Many OTC drugs, particularly those first cleared for
marketing as Rx only, obtain marketing approval via one of FDA's pathways that require review
and approval (e.g., New Drug Application, Abbreviated New Drug Application, or Biologics
License Application). However, FDA also has provided a pathway known as the OTC drug
monograph system that does not require review and preapproval for certain OTC drugs that
qualify as “generally recognized as safe and effective” (GRASE) (2). 
FDA's OTC drug monograph system (also called the OTC Drug Review process) arose following
the 1962 Kefauver–Harris Amendments to FDCA that added a requirement for demonstration of
efficacy to the existing safety requirement (3). These amendments resulted in FDA's Drug
Efficacy Study Implementation (DESI) initiative launched in 1968 to investigate the
effectiveness of drugs first marketed between 1938 and 1962 (4). This in turn led to the OTC
Drug Review process, which began in 1972 to evaluate the safety and efficacy of OTC active
ingredients then in the market. Under FDA's OTC drug monograph system, OTC drugs are
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recognized as GRASE and therefore are appropriate for marketing without review and
preapproval if they satisfy all of the requirements in 21 CFR Part 330 and in each respective
monograph. In addition to providing the general conditions and procedures for GRASE
determination, this regulation calls on FDA to create monographs in various therapeutic
categories that specify acceptable ingredients, doses, formulations, indications, and labeling for
products in that category. Since the system began, FDA has completed work on more than
75% of the OTC monographs that were originally envisioned. OTC monographs are created via
the standard rulemaking process: First FDA typically convenes an expert Advisory Panel, then
issues an advance notice of proposed rulemaking, then publishes a proposed rule including a
Tentative Final Monograph, and then publishes a final rule/monograph in the Code of Federal
Regulations (see, for example, the monograph for the Cold, Cough, Allergy, Bronchodilator, and
Antiasthmatic Drug category, 21 CFR Part 341). 
For sponsors who wish to market a drug that is not covered by an FDA OTC monograph, FDA
has created regulatory mechanisms that allow amendment of the OTC monograph system. In
the case of products that were marketed before 1975, a sponsor can submit a Citizen Petition
to seek an amendment. In the case of OTC products marketed in the United States after the
FDA monograph system began or were marketed outside the United States, a Time and Extent
Application (TEA) can be submitted to demonstrate that the drug has been used to a “material
extent” and for a “material time” under the proposed labeling conditions (see 21 CFR 330.14).
These procedures for adding a new active ingredient or product to the FDA OTC monograph
system are challenging but represent an important means of obtaining marketing clearance. 
As an alternative to amending an FDA OTC monograph, manufacturers can file an NDA or ANDA,
which is reviewed like an application for a prescription drug product. A final way to OTC status
available for prescription drugs already on the market is to undergo a switch from a prescription
drug to a nonprescription drug, but meeting labeling requirements can be cumbersome and
complex. 
FDA's OTC monograph system offers considerable manufacturing flexibility as a means of
promoting self-care. The system has taken on additional significance in recent years with FDA's
Unapproved Drugs Initiative, which is intended to ensure that all drugs are marketed only in
accordance with the new drug approval or OTC monograph system and includes enforcement
policies that FDA will use to bring unapproved drugs into compliance or to remove them from
the market (4). This has focused attention on the FDA OTC monograph system and increased
FDA and manufacturer efforts to ensure that it is continuously modernized and updated.

USP AND OTC PRODUCTS

Role in Law 
USP compendial quality standards have had a role in US food and drug laws since 1906. Under
FDCA, any drug (including PHS Act biologics) recognized in an official USP compendium must
use the USP-specified nonproprietary name in its labeling, must comply with compendial
identity, and also must conform to compendial standards for strength, quality, and purity (or
must plainly state any differences on the label). Drugs that fail to comply may be deemed
adulterated and/or misbranded under FDCA Sections 501(b) and 502(e). Drugs recognized in
official USP compendia also may be deemed misbranded unless they conform to compendial
packaging and labeling requirements under FDCA §502(g). These compendial requirements apply
regardless of whether a drug is Rx or OTC and also regardless of the means by which the drug
has been cleared for marketing (NDA, ANDA, BLA, or pursuant to FDA's OTC drug monograph
system). 
FDA also has established a role for USP's compendial standards in the regulations governing the
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agency's OTC drug monograph system and for inclusion in a drug final monograph or in a notice
of enforcement policy. Further, 21 CFR 330.14(i) requires that the active ingredient or botanical
drug substance be recognized in an official United States Pharmacopeia–National Formulary
(USP–NF) drug monograph that sets forth its standards for identity, strength, quality, and
purity. There is no specific requirement in law or regulation for a USP drug product monograph
in FDA's OTC drug monograph system, although as noted above §501(b) of FDCA states that
drug products must meet USP standards if they exist and further provides for FDA to inform
USP about deficiencies in its standards and to request timely corrections.

Council of Experts 
Within USP's Council of Experts, responsibility for OTC monographs lies with the four Small
Molecules Expert Committees that support USP (Figure 1). Each of these Expert Committees
focuses on different therapeutic areas (Table 1). Small Molecules Expert Committee 3 has
responsibility for approximately one-third of the existing USP OTC monographs, and
responsibility for the remainder is divided roughly equally among the other three committees.

Figure 1. USP Council of Experts Expert Committees that support OTC monographs.

Table 1. Focus Areas of USP Expert Committees

Expert Committee Focus Area

Monographs—Small Molecules 1 • Antibiotics
• Antimicrobials 
• Antivirals

Monographs—Small Molecules 2 • Cough and Cold
• Analgesics 
• Cardiovascular

Monographs—Small Molecules 3 • Gastrointestinal
• Renal 
• Endocrine
• Ophthalmology 
• Oncology
• Dermatology
• Veterinary

Monographs—Small Molecules 4 • Psychoactives
• Psychiatrics 
• Pulmonary/Aerosols
• Steroids 
• Radiopharmaceuticals

Staff Support 
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Staff support for the Small Molecules Expert Committees is provided primarily by the Chemical
Medicines Department, led by Shawn Dressman, PhD, Vice President, Chemical Medicines, USP–
NF. Dr. Dressman reports to Srini Srinivasan, PhD, Executive Vice President of USP's Global
Science and Standards division. Within the Chemical Medicines Department, scientific liaisons
and reference standards scientists who work on documentary standards and reference
materials, respectively, are assigned to each of the expert committees. Other staff support
comes from USP's laboratories, including both the Rockville, MD, and Hyderabad, India, sites
that participate in procedure development, procedure evaluation, and collaborative testing of
reference materials. The Compendial Affairs group within the Global Alliances and Organizational
Affairs division also plays a key support role, providing administrative support for expert
committees, as does the Executive Secretariat that oversees the balloting process for USP's
expert committees and ensures that the will of the Council of Experts is accurately reflected in
USP's standards.

STATUS OF USP'S OTC MONOGRAPHS

USP–NF: General 
USP's documentary standards (monographs) for food and drugs are approaching 10,000, and its
reference material collection is approaching 3000 (Figure 2; all estimates as of August 2012).
The majority of USP's documentary (> 75%) and reference materials (> 60%) originate from
donations from manufacturers. Despite impressive efforts, all of USP's compendia are incomplete
for both documentary and reference material standards (compared to the number of drugs and
ingredients that are legally marketed). In USP–NF many monographs are missing or require
updating, and most of these are in the small molecules area.

Figure 2. Status of monographs in USP compendia (as of August 2012).

USP–NF: OTC Monographs 
USP's OTC monographs represent a subset of the total outdated and missing small molecules
monographs shown in Figure 2. USP currently has monographs for all of the drug substances
covered by the FDA OTC monograph system because such monographs are a precondition
under FDA regulations for initiating or finalizing FDA OTC monographs. However, of the
approximately 240 OTC drug substance monographs that currently exist in USP, an estimated
140 are in need of modernization. 
At the drug product level, USP currently has about 500 monographs for OTC drug products, but
many of these are out of date. In addition, many OTC products are not covered by a USP
monograph. Examples include toothpastes, medicated mouthwashes, lip balms, and shampoos,
among others, as well as myriad combination products composed of substances covered by the
FDA OTC drug monograph system. The large number of OTC products on the market and the
frequent changes that occur to OTC products have made it virtually impossible for USP to
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develop and maintain monographs for these products through its traditional approach, which
involves creating a monograph for each individual product by means of a process that requires
18–24 months to complete.

Collaboration among USP, FDA, and Industry to Improve USP's OTC Monographs 
Early efforts to implement new approaches to USP's OTC monographs occurred in the 1990s
when USP briefly experimented with the concept of creating monographs for multiple
combinations of OTC ingredients. This initiative was confined to the cold and cough area and
resulted in seven monographs (see example in Figure 3). However, this effort did not continue.
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Figure 3. Example of an OTC combination monograph: Tablets Containing at Least Three of the
Following—Acetaminophen and Salts of Chlorpheniramine, Dextromethorphan, and

Pseudoephedrine.

More recent attention to USP's OTC monographs followed a letter USP received from Janet
Woodcock, MD, in October 2010 calling attention to the need to modernize USP monographs,
particularly those relating to OTC products (letter available on USP website at
http://www.usp.org/usp-nf/key-issues/monograph-modernization). Although USP had begun
during the 2005–2010 cycle to identify monographs in need of modernization, including OTC
monographs, this letter accelerated the effort to identify and begin work to update such
monographs. Dr. Woodcock's letter was followed in November 2010 by a letter from Larry
Ouderkirk and Paul Seo, PhD, co-chairs of FDA's newly created Monograph Modernization Task
Force, which specifically requested that USP begin work on the acetaminophen and
diphenhydramine drug substance and related drug product monographs (letter available on the
USP website at www.usp.org/usp-nf/key-issues/monograph-modernization). USP has continued
to work diligently on updating these and other high-priority monographs identified by FDA. 
To help focus broader attention on the need to update USP's OTC monographs and to explore
solutions with stakeholders, USP hosted a September 2011 workshop at which Dr. Woodcock
was the keynote speaker (the workshop objectives and agenda are posted on the USP website
at http://www.usp.org/usp-nf/key-issues/monograph-modernization). Dr. Woodcock
emphasized that preservation of the current system relied on sound standards in order to avoid
repeats of negative patient and consumer experiences regarding poor-quality medicines and
foods. Participants discussed the challenges presented by OTC monographs, and there was
general consensus that creative approaches were required and that collaboration among USP,
FDA, and industry are essential. USP's CEO closed the workshop by calling for novel approaches
that allow USP to work both independently of donors as well as collaboratively with them in
advancing new and updated monographs for USP. The possibility of developing broader,
“product class” monographs for OTC products also was considered briefly as a way to
accommodate manufacturers' need for flexibility with these products while specifying critical
quality requirements that could be enforced by FDA. 
USP's workshop was followed by a Product Quality and Operations Workshop organized by the
Consumer Healthcare Products Association (CHPA) in October 2011, which included a track on
modernization of USP's OTC monographs. Sessions at this workshop further explored potential
approaches for updating USP's monographs and again emphasized the importance of close
cooperation among USP, FDA, and industry. At this session USP's CEO again briefly reviewed
new opportunities to advance USP's monographs. 
Meanwhile, USP has continued to work on identifying OTC monographs that require updating
and on modernizing those identified as outdated. It also has continued to develop and refine
ideas about how best to approach modernization of OTC monographs, especially OTC drug
product monographs, and to discuss these ideas with FDA and CHPA. This ongoing work and
collaborative discourse among the parties have led to the present Stimuli article and
presentation of the proposed approaches discussed below.

PROPOSAL FOR OTC MONOGRAPH MODERNIZATION

Drug Substance 
The drug substance monograph is the anchor of the monograph family (i.e., the collective term
for a particular active ingredient and its associated drug product monographs), and thus these
monographs are the logical starting point for OTC monograph modernization efforts. Procedures
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established for the drug substance through the routes described below also can be used as the
basis for drug product testing.

Monograph Procedures

CURRENT APPROACHES 
Modernization of OTC monographs can follow established standards-setting and internal USP
processes for elaboration of the documentary standard, development of reference standards,
and interactions and balloting by relevant expert committees. USP already has completed the
important step of comprehensively reviewing these monographs and determining which require
modernization, and work on some of these is already in progress. However, obtaining
procedures to support the modernization efforts is a significant challenge. Currently, USP has
multiple sources for procedures:

Donation from manufacturers
Development in USP's Research and Development (R&D) lab
Adaption from alternative sources such as European Pharmacopoeia (EP) monographs
Development under FDA Cooperative Research and Development Agreement (CRADA),
which includes as one of its objectives the development of procedures to support
monograph modernization.

The current level of effort in R&D yields about 50 procedures per year, which is slightly above
the number of donations from manufacturers. The FDA CRADA work is just beginning, and
annual output has not yet been determined. Adaptation of procedures from EP drug substance
monographs is a viable option, and efforts are underway to determine how many procedures
can be obtained by this approach. 
In order to increase the information donated by manufacturers to update OTC monographs, USP
is engaging CHPA and its member organizations and is inviting them to submit proposals. The
response from CHPA and its members has been largely positive and supportive of the
modernization effort, but all parties acknowledge that this may not result in sufficient
submission of procedures from CHPA and OTC manufacturers, leaving a substantial amount of
work for USP.

NEW APPROACHES 
One strategy being considered is to adopt the approach used by USP-India labs for the
Medicines Compendium (MC), which involves creation of a performance-based monograph
(PBM) that specifies performance criteria for monograph procedures (5). The creation of the
PBM is followed by development of source-independent reference procedures that are not
optimized for any single manufacturer but rather can be used across different manufacturers'
products. This contrasts with the approach that traditionally has been used in USP–NF, where a
monograph generally results from the submission by a manufacturer of specific procedures
presumably optimized for that manufacturer (albeit deemed appropriate for general use by the
approving Expert Committee). In order to accommodate subsequent manufacturers who may
prefer or require different procedures, USP has created the flexible monograph approach, which
allows these procedures to be added as alternative procedures with appropriate labeling to
reflect the procedures used. Although this approach has worked fairly well, it can be
cumbersome and can require multiple revisions to a monograph to allow compliance by multiple
manufacturers. By creating source-independent reference procedures, the MC approach should
obviate the need for the flexible monograph. 
Finally, in order to expedite the modernization of OTC monographs, USP is considering
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expanding its current in-house laboratory efforts for the development and validation of
procedures. By using USP's own labs for the development of the PBM and reference procedures,
the MC approach reduces USP's reliance on external sources. Submissions from manufacturers
and other donors always will be important to USP, but being able to also work independently will
allow USP to progress more quickly in updating and expanding its OTC drug substance
monographs.

Modernization Categories

IDENTIFICATION 
The goal in modernizing the Identification section of OTC monographs is to include two
orthogonal procedures that include at least one specific identification test. This can be
accomplished with a specific test such as infrared spectroscopy (performed against a USP
Reference Standard) combined with high-performance liquid chromatography (HPLC) based on
the monograph Assay or a similar test. Depending on the monograph, it may be necessary to
replace an outdated procedure (e.g., wet chemistry) with a more current procedure. 

General chapter Identification Tests—General 191  is referenced in about 1000 USP–NF
monographs as part of Identification testing. The modernization of this chapter is underway and
will help to modernize any monograph in which it is referenced. The current chapter includes
procedures that use wet chemistry procedures (e.g., the endpoint is a color change or
formation of a precipitate) and outdated methodology such as a flame test for sodium.
Potential updates include ion chromatography for the presence of ions (sodium, potassium,

chloride, etc.). The work on 191  is parallel to the monograph modernization efforts and will
have a positive effect.

ASSAY 
For modernization of the Assay portion of monographs, the goal is to replace outdated,
relatively nonspecific procedures such as titrations and spectrophotometry with validated,
specific chromatographic procedures. It is anticipated that HPLC will be the primary
methodology or perhaps ultrahigh-performance liquid chromatography (UHPLC), which is the
next evolution. For some drug substances (about 12 in the OTC drug substance list), titration
may be the best approach, particularly for salts/organic salts such as potassium chloride and
sodium citrate and materials with narrow content control limits. Even if titrimetry is used for
these monographs, it may be possible to update the type of titration used. Switching to a
method such as ion chromatography also could be considered. 
A small portion of OTC drug substance monographs (< 10) currently lack an Assay. The
monographs are for substances such as activated charcoal, and an Assay in the usual sense
may not be applicable. These monographs must be reviewed to determine the appropriate
action(s).

IMPURITIES 
As with the Assay, the goal is to replace outdated methodology such as thin-layer
chromatography with a validated, specific procedure using HPLC/UHPLC. Some monographs
currently lack a test for impurities. Because some of the OTC drug substances were not the
basis of NDAs or ANDAs, the limits of some impurities were not vetted through a formal
regulatory review process. USP could rely on manufacturers to generate data using new
proposed monograph methods to support currently marketed products that have limits that are
higher than ICH thresholds. Perhaps USP laboratories could test products to determine what
impurities are present and whether ICH limits are appropriate. Further, literature searches may
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help provide information about appropriate impurity levels in currently marketed materials. In
the absence of other data, ICH limits can be used as the default values.

OTHER 
Some tests may be deleted to remove non–value added tests (e.g., melting point,
noncarbonizable substances, etc.). We anticipate that there will be no need to replace these
tests.

Implications for Reference Standards 
The monograph modernization effort will result in the identification of new USP Reference
Standards (RS) and new uses for existing USP RS. It is critical that the current RS be evaluated
for use in new procedures, particularly in cases when the existing RS was originally established
as a qualitative RS and the new procedure will use it in a quantitative procedure that requires a
purity assignment. The suitability of these new RS and new uses for existing RS will be subject
to approval by the Expert Committee responsible for the documentary standard, in accordance
with the Rules and Procedures and Council of Experts.

OTC DRUG PRODUCT CLASS MONOGRAPHS

Rationale 
As noted above, trying to develop and keep current traditional individual monographs for the
multitude of OTC products is not feasible. Therefore, USP is planning to establish class
monographs for product categories based on the FDA OTC monograph therapeutic categories
and subcategories. The idea is to develop a monograph that will cover all, or particular
subcategories of, the individual and combination products allowed in the corresponding FDA
OTC monograph. Examples of categories include analgesics (internal), analgesics (external),
nighttime sleep aids, and oral health care. This approach builds and expands on the prior
experiment with combination product monographs. As new class monographs are established,
USP can incorporate information from existing USP product-specific monographs into the class
monographs and then omit the individual monographs from the compendium.

STRUCTURE

The class monograph will provide tests, procedures, and acceptance criteria to establish the
identity, strength, quality, and purity of the products covered by the monograph. The planned
monograph format is consistent with the current USP format and will include identification,
assay, impurities, and performance tests, but it also will cover both single- and multi-active
products. The class monographs will reference the corresponding route of administration

general chapters such as proposed chapter Oral Drug Products—Product Quality Tests 2

and official chapter Topical and Transdermal Drug Products—Product Quality Tests 3  for
oral and topical/dermal routes, respectively. USP will map each of the existing USP drug product
monographs to the corresponding new class monograph. An example of the OTC drug product
class monograph for Nighttime Sleep Aids is shown in Figure 4.

PF 39(1): Jan.-Feb. 2013 467



PF 39(1): Jan.-Feb. 2013 468



PF 39(1): Jan.-Feb. 2013 469



PF 39(1): Jan.-Feb. 2013 470



Figure 4. Example of OTC drug product class monograph: Nighttime Sleep Aids.
The title of this example monograph corresponds to the FDA OTC monograph for this product
category. The tests, procedures, and acceptance criteria in this example class monograph were
taken from currently official USP monographs. USP acknowledges that there may be editorial
inconsistencies (e.g., a combination of classic and new monograph formats) and scientific and
compliance gaps in this example, but its purpose is to illustrate the concept rather than to
serve as a formal revision proposal.

Further Issues 
Creation of class monographs has its own challenges, including compendial and regulatory
compliance considerations. Some of the outstanding issues that merit further discussion within
USP and with FDA include the inclusion of USP-approved drug product names to ensure proper
recognition, use of reference procedures, and less-prescriptive procedures that could enable a
reasonable degree of flexibility for manufacturers while still providing a basis for enforcement of
compendial requirements.

CONCLUSION 
USP is pleased to provide this Stimuli article as a means of facilitating further discussion about
ways to modernize its OTC monographs, which play a key role in supporting FDA's OTC
monograph system and helping to ensure the quality of OTC products. This Stimuli article offers
novel approaches for both drug substance and drug product monographs that offer the
possibility of accelerating—perhaps dramatically—the pace of development and modernization.
USP understands that these approaches require careful consideration. USP is committed to
these approaches as a general means of updating USP–NF, which can support provisions of
FDCA and implementing regulations.
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Fluconazole in Sodium Chloride Injection [NEW] (USP37-NF32 1S) 
Levetiracetam Tablets (USP37-NF32 1S) 
Levofloxacin (USP37-NF32 1S) 
Methyldopa (USP37-NF32 1S) 
Padimate O (USP37-NF32 1S) 
Perphenazine (USP37-NF32 1S) 
Phenytoin (USP37-NF32 1S) 
Phenytoin Oral Suspension (USP37-NF32 1S) 
Phenytoin Chewable Tablets (USP37-NF32 1S) 
Phenytoin Sodium (USP37-NF32 1S) 
Extended Phenytoin Sodium Capsules (USP37-NF32 1S) 
Phenytoin Sodium Injection (USP37-NF32 1S) 
Pimozide (USP37-NF32 1S) 
Pimozide Tablets (USP37-NF32 1S) 
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Propoxyphene Napsylate (USP37-NF32 1S) 
Sufentanil Citrate (USP37-NF32 1S) 
Sumatriptan Tablets (USP37-NF32 1S) 
Warfarin Sodium (USP37-NF32 1S) 
Warfarin Sodium for Injection (USP37-NF32 1S) 
Warfarin Sodium Tablets (USP37-NF32 1S)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

GENERAL CHAPTERS
<1056> Biotechnology-Derived Articles-Polyacrylamide Gel Electrophoresis

STIMULI TO THE REVISION PROCESS
Stimuli To The Revision Process
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and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).

The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF
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The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

BRIEFING

Oxycodone Hydrochloride Extended-Release Tablets, USP 36 page 4642. On the basis of
comments received, it is proposed to make the following changes:

1. Label claim is clarified in the Standard solution in Dissolution Test 1.
2. The formulas for calculating the Tolerances in all dissolution tests are revised to be

consistent with the FDA-approved specifications, expressed in the labeled amount of
oxycodone hydrochloride instead of oxycodone.

3. Clarification and corrections are made to calculation of the percentage of oxycodone
related compound B in the test for Limit of Oxycodone Related Compound B.

Minor editorial changes are made to be consistent with the current USP style. The comment
period for this revision ends on May 31, 2013. In the absence of negative comments, it is
proposed to implement this revision through an Interim Revision Announcement, with an
official date of September 1, 2013.

(SM2: H. Cai.)
Correspondence Number—C102770

Comment deadline: May 31, 2013
Oxycodone Hydrochloride Extended-Release Tablets

DEFINITION

Oxycodone Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of oxycodone hydrochloride (C18H21NO4·HCl).

IDENTIFICATION

PF 39(2): Mar.-Apr. 2013 9



•  A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer solution:  2 g/L of sodium heptanesulfonate in water. Add 13.3 mL/L of glacial acetic
acid, and adjust with 5 N sodium hydroxide solution to a pH of 3.50 ± 0.05.

Mobile phase:  Acetonitrile and Buffer solution (1:3)
Standard solution:  0.036 mg/mL of USP Oxycodone RS in Mobile phase
Sample stock solution:  Transfer 10 Tablets into an appropriate volumetric flask, add a

volume of a mixture of methanol and acetonitrile (1:1) equivalent to 50% of the volumetric
flask volume, sonicate for 10 min, and stir for 20 min. Dilute with Buffer solution to
volume.

Sample solution:  0.04 mg/mL of oxycodone hydrochloride from the Sample stock solution,
diluted with Mobile phase to volume. Pass through a suitable filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 4000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of oxycodone hydrochloride (C18H21NO4·HCl) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Oxycodone RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1= molecular weight of oxycodone hydrochloride, 351.82
Mr2= molecular weight of oxycodone base, 315.37
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
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Test 1 
Medium:  Simulated gastric fluid (without enzymes); 900 mL
Apparatus 1:  100 rpm
Time:  1, 2, 4, 6, and 8 h for Tablets labeled to contain 10, 20, or 40 mg; 1, 2, 4, and 6 h

for Tablets labeled to contain 80 mg
Standard stock solution 

Tablets labeled to contain 10 mg:  398 µg/mL of USP Oxycodone RS in Medium
Tablets labeled to contain 20, 40, or 80 mg:  796 µg/mL of USP Oxycodone RS in

Medium
Standard solution:  Dilute the appropriate Standard stock solution with Medium to obtain

solutions containing (L/900) mg/mL, with L being the oxycodone Tablet label claim, in mg
as the label claim in mg/Tablet.

Sample solution:  Pass a portion of the solution under test through a suitable filter.
Dilute with Medium, if necessary.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  About 226 nm (shoulder)
Cell 

For Tablets labeled to contain 10, 20, or 40 mg:  1.0 cm
For Tablets labeled to contain 80 mg:  0.5 cm

Blank:  Medium
Analysis 

Samples:  Standard solution and Sample solution

For Tablets labeled to contain 10, 20, or 40 mg, calculate the amount of C18H21NO4

dissolved:

Result = [C × (AU/AS) × (V  VS) + (C1 × VS) + (C2 × VS) + (C4 × VS) + (C6 × VS) + (C8

× VS)] × (100/L)

C= concentration of the appropriate Standard solution (mg/mL)
AU= absorbance of the solution under test
AS= absorbance of the appropriate Standard solution
V= initial volume of Medium in the vessel (mL)
VS= volume withdrawn from the vessel for previous samplings (mL)
C1= concentration of oxycodone in the Medium determined at 1 h (mg/mL)
C2= concentration of oxycodone in the Medium determined at 2 h (mg/mL)
C4= concentration of oxycodone in the Medium determined at 4 h (mg/mL)
C6= concentration of oxycodone in the Medium determined at 6 h (mg/mL)
C8= concentration of oxycodone in the Medium determined at 8 h (mg/mL)
L= Tablet label claim (mg)

For Tablets labeled to contain 80 mg, calculate the amount of C18H21NO4 dissolved:

Result = [C × (AU/AS) × (V  VS) + (C1 × VS) + (C2 × VS) + (C4 × VS) + (C6 × VS)] ×
(100/L)

(IRA 1-Sept-2013)
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C= concentration of the appropriate Standard solution (mg/mL)
AU= absorbance of the solution under test
AS= absorbance of the appropriate Standard solution
V= initial volume of Medium in the vessel (mL)
VS= volume withdrawn from the vessel for previous samplings (mL)
C1= concentration of oxycodone in the Medium determined at 1 h (mg/mL)
C2= concentration of oxycodone in the Medium determined at 2 h (mg/mL)
C4= concentration of oxycodone in the Medium determined at 4 h (mg/mL)
C6= concentration of oxycodone in the Medium determined at 6 h (mg/mL)
L= Tablet label claim (mg)

Tolerances:  The percentages of the labeled amount of C18H21NO4 dissolved at the
times specified conform to Acceptance Table 2.

For Tablets Labeled to Contain 10, 20, or 40 mg

Time
(h) Amount Dissolved

1 20%–40%
2 35%–55%
4 55%–75%
6 70%–90%
8 NLT 80%

For Tablets Labeled to Contain 80 mg

Time
(h) Amount Dissolved

1 25%–45%
2 45%–65%
4 65%–85%
6 NLT 80%

Calculate the concentration (Ci) of oxycodone hydrochloride (C18H21NO4·HCl) in the
sample withdrawn from the vessel at each time point (i):

Result i = (AU/AS) × CS × D × (Mr1/Mr2)

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
D = dilution factor of the Sample solution
Mr1= molecular weight of oxycodone hydrochloride, 351.82
Mr2= molecular weight of oxycodone base, 315.37

For Tablets labeled to contain 10, 20, or 40 mg, calculate the labeled amount of
oxycodone hydrochloride (C18H21NO4·HCl) released at each time point (i):

Result1 = C1 × V × (1/L) × 100
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Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = {[C3 × (V  (2 × VS))] + [(C2 + C1) × VS]} × (1/L) × 100

Result4 = {[C4 × (V  (3 × VS))] + [(C3 + C2 + C1) × VS]} × (1/L) × 100

Result5 = {[C5 × (V  (4 × VS))] + [(C4 + C3 + C2 + C1) × VS]} × (1/L) × 100

Ci= concentration of oxycodone hydrochloride in the portion of sample withdrawn at time
point i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
VS= volume of the Sample solution withdrawn from the Medium (mL)

For Tablets labeled to contain 80 mg, calculate the labeled amount of oxycodone
hydrochloride (C18H21NO4·HCl) released at each time point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = {[C3 × (V  (2 × VS))] + [(C2 + C1) × VS]} × (1/L) × 100

Result4 = {[C4 × (V  (3 × VS))] + [(C3 + C2 + C1) × VS]} × (1/L) × 100

Ci= concentration of oxycodone hydrochloride in the portion of sample withdrawn at time
point i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
VS= volume of the Sample solution withdrawn from the Medium (mL)

Tolerances:  See Table 1 for Tablets labeled to contain 10, 20, or 40 mg; see Table 2
for Tablets labeled to contain 80 mg.

Table 1

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 20–40
2 2 35–55
3 4 55–75
4 6 70–90
5 8 NLT 80

Table 2

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 25–45
2 2 45–65
3 4 65–85
4 6 NLT 80

The percentages of the labeled amount of oxycodone hydrochloride (C18H21NO4·HCl),
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released at the times specified, conform to Acceptance Table 2 in Dissolution 711 .

Test 2:  If the product complies with this test, the labeling indicates that the product meets USP
Dissolution Test 2.
Medium:  Simulated gastric fluid (without enzymes); 900 mL
Apparatus 1:  100 rpm
Time:  1, 4, and 12 h
0.85% phosphoric acid:   10 mL/L of phosphoric acid in water
Mobile phase:  Weigh 23.1 g of monobasic potassium phosphate into a 4-L flask, and dissolve

with 3400 mL of water. Add 4 mL of triethylamine, and adjust with 0.85% phosphoric acid to
a pH of 3.0 ± 0.1. Add 600 mL of methanol and 20 mL of tert-butyl methyl ether, and mix
well.

Standard stock solution:  0.9 mg/mL of USP Oxycodone RS in 0.85% phosphoric acid
Standard solution:  Dilute the Standard stock solution, quantitatively and stepwise, with

Medium to obtain a solution having a concentration of 40% of the Tablet label claim. [Note
—This solution is stable for two weeks at room temperature.]

Sample solution:  Pass the solution under test through a suitable filter of 0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1

Column temperature:  60
Flow rate:  1 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor:  NLT 0.5
Tailing factor:  0.75–1.5
Relative standard deviation:  NMT 2%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the amount of C18H21NO4 dissolved:

Result = [C × (rU/rS) × (V  VS) + (C1 × VS) + (C4 × VS) + (C12 × VS)] × (100/L)

C = concentration of the appropriate Standard solution (mg/mL)
rU= peak response of the solution under test
rS= peak response of the appropriate Standard solution
V = initial volume of Medium in the vessel under test (mL)
VS= volume withdrawn from the vessel for previous samplings (mL)
C1= concentration of oxycodone in the Medium determined at 1 h (mg/mL)
C4= concentration of oxycodone in the Medium determined at 4 h (mg/mL)
C12= concentration of oxycodone in the Medium determined at 12 h (mg/mL)
L = Tablet label claim (mg)

(IRA 1-Sept-2013)
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Tolerances:  The percentages of the labeled amount of C18H21NO4 dissolved at the times
specified conform to Acceptance Table 2.

For Tablets Labeled to Contain 10 mg

Time
(h) Amount Dissolved

1 29%–49%
4 58%–78%
12 NLT 85%

For Tablets Labeled to Contain 20 mg

Time
(h) Amount Dissolved

1 33%–53%
4 63%–83%
12 NLT 85%

For Tablets Labeled to Contain 40 mg

Time
(h) Amount Dissolved

1 37%–57%
4 68%–88%
12 NLT 85%

For Tablets Labeled to Contain 80 mg

Time
(h) Amount Dissolved

1 31%–51%
4 61%–81%
12 NLT 85%

Calculate the concentration (Ci) of oxycodone hydrochloride (C18H21NO4·HCl) in the sample
withdrawn from the vessel at each time point (i):

Result i = (rU/rS) × CS × (Mr1/Mr2)

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
Mr1= molecular weight of oxycodone hydrochloride, 351.82
Mr2= molecular weight of oxycodone base, 315.37

Calculate the labeled amount of oxycodone hydrochloride (C18H21NO4·HCl) released at each
time point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = {[C3 × (V  (2 × VS))] + [(C2 + C1) × VS]} × (1/L) × 100
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Ci= concentration of oxycodone hydrochloride in the portion of sample withdrawn at time point
i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
VS= volume of the Sample solution withdrawn from the Medium (mL)

Tolerances:  See Table 3 for Tablets labeled to contain 10 mg; see Table 4 for Tablets
labeled to contain 20 mg; see Table 5 for Tablets labeled to contain 40 mg; see Table 6 for
Tablets labeled to contain 80 mg.

Table 3

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 29–49
2 4 58–78
3 12 NLT 85

Table 4

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 33–53
2 4 63–83
3 12 NLT 85

Table 5

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 37–57
2 4 68–88
3 12 NLT 85

Table 6

Time Point
(i)

Time
(h)

Amount Released
(%)

1 1 31–51
2 4 61–81
3 12 NLT 85

The percentages of the labeled amount of oxycodone hydrochloride (C18H21NO4·HCl),

released at the times specified, conform to Acceptance Table 2 in Dissolution 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Limit of Oxycodone Related Compound B (Oxycodone N-Oxide)

Diluent:  10 mL/L of phosphoric acid in water
Buffer:  6.8 g/L of monobasic potassium phosphate. Add 1.2 mL of triethylamine, and adjust

with Diluent to a pH of 3.0 ± 0.1.

(IRA 1-Sept-2013)
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Mobile phase:  Methanol, tert-butyl methyl ether, and Buffer (30:1:170)
Standard solution:  0.18 mg/mL of USP Oxycodone RS and 0.002 mg/mL of USP Oxycodone

Related Compound B RS in Diluent. [Note—Prepare fresh daily.]
Sample stock solution:  Transfer 10 Tablets into a 500-mL volumetric flask, add 50 mL of

Diluent and 50 mL of alcohol, and sonicate for 90 min to extract the active ingredient.
Dilute with Diluent to volume.

Sample solution:  0.2 mg/mL of oxycodone hydrochloride from the Sample stock solution in
Diluent. Pass a portion of the solution through a suitable filter, and use the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1

Column temperature:  60
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 4.5 between the oxycodone and oxycodone related compound B peaks
Relative standard deviation:  NMT 3.0% for oxycodone related compound B

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of oxycodone related compound B in the portion of the Tablets
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area
of oxycodone related compound B

from the Sample solution
rS= peak area

of oxycodone related compound B
from the Standard solution

CS= concentration of USP Oxycodone Related Compound B RS in the Standard solution
(mg/mL)

CU= nominal concentration of oxycodone
oxycodone hydrochloride

in the Sample solution (mg/mL)
Acceptance criteria:  NMT 1%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature.
•  Labeling: When more than one Dissolution Test is given, the labeling states the Dissolution

Test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Oxycodone RS 

(IRA 1-Sept-2013)

(IRA 1-Sept-2013)

(IRA 1-Sept-2013)
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USP Oxycodone Related Compound B RS  
4,5a-Epoxy-14-hydroxy-3-methoxy-17-methylmorphinan-6-one N-oxide.     
C18H21NO5      331.36

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
 
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text

if slated for an IRA;
new text

if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
Supplement to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP
35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
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indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

345  Assay for Citric Acid/Citrate and Phosphate, USP 36 page 166. This analytical
chapter describes the analysis of citric acid/citrate and phosphate in articles. The chapter
has been revised as follows:

1. The previous text is deleted and replaced with content presented in the redesigned
format to more closely align with the current USP–NF monograph style. The deleted
text can be seen in this PDF.

2. The use of terms such as anion trap column has been removed.
3. Mobile phase preparation has been made flexible.
4. Relative retention times have been included in the Chromatographic system to assist in

peak identification.
5. The chapter has been redesigned according to current USP style.

The procedure is based on analyses performed using the Thermo Scientific Dionex Ion Pack AS
11 (analytical) and AG11 (guard) brand of L61 column. In the chromatographic conditions
used, phosphate ion elutes at about 4 min and citrate ion elutes at about 7 min.

(GCCA: K. Zaidi, R. Ravichandran.)
Correspondence Number—C124317

Comment deadline: May 31, 2013

Change to read:

345  ASSAY FOR CITRIC ACID/CITRATE AND PHOSPHATE

INTRODUCTION

The following ion chromatographic general procedure is provided for the determination of citric
acid/citrate and phosphate in compendial articles, when specified in the individual monographs.

See Ion Chromatography 1065  for discussion of the theory and principles of measurements
using ion chromatography.

ASSAY
•  Procedure

Mobile phase:  20 mM sodium hydroxide or potassium hydroxide from an appropriate volume
of carbonate-free sodium hydroxide or potassium hydroxide solution of known
concentration and water (resistivity NLT 18 megohm-cm). Alternatively, Mobile phase can
be generated electrolytically using an automatic eluent generator. Protect the Mobile
phase from atmospheric carbon dioxide.

Standard solution 1 (for the assay of citric acid/citrate only):  20 µg/mL of citrate
(C6H5O7) in freshly prepared 1 mM sodium hydroxide from USP Citric Acid RS

Standard solution 2 (for the concomitant assay of citrate and phosphate):  20 µg/mL
of citrate (C6H5O7) and 12 µg/mL of phosphate (PO4) in freshly prepared 1 mM sodium
hydroxide from USP Citric Acid RS and monobasic sodium phosphate
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Sample solution (for the assay of citric acid/citrate):  Nominally 20 µg/mL of citrate in
freshly prepared 1 mM sodium hydroxide, unless otherwise stated in the monograph

Sample solution (for the assay of phosphate) Nominally 12 µg/mL of phosphate in freshly
prepared 1 mM sodium hydroxide, unless otherwise stated in the monograph

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Conductivity with suppression
Columns 

Analytical:  4-mm × 25-cm; 13-µm packing L61
Guard:  4-mm × 5-cm; 13-µm packing L61

Temperatures 

Column:  30

Detector:  35
Suppressor:  4-mm membrane anionic autosuppressor or a suitable chemical suppression

system
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution 1 and/or Standard solution 2, as appropriate
[Note—The relative retention times for phosphate and citrate are 0.57 and 1.0,

respectively.]
Suitability requirements 

Tailing factor:  NMT 2.0 for the citrate and/or phosphate peaks, as appropriate
Relative standard deviation:  NMT 1.5% for six replicate injections for the citrate

and/or phosphate peaks, as appropriate
Analysis 

Samples:  Standard solution 1 and/or Standard solution 2, and Sample solution

Unless otherwise stated in the monograph, calculate the concentration of citrate or
phosphate in the portion of the Sample solution taken:

Result = (rU/rS) × CS

rU= peak response of the citrate or phosphate peak from the Sample solution
rS= peak response of the citrate or phosphate peak from Standard solution 1 or Standard

solution 2
CS= concentration of citrate or phosphate from Standard solution 1 or Standard solution 2

(µg/mL)

BRIEFING

671  Containers—Performance Testing, USP 36 page 292. Package integrity is
necessary to maintain a drug product's quality throughout its shelf life. Thus, packaging
systems must demonstrate satisfactory container-closure integrity. Package moisture
permeation is a critical quality attribute for solid oral dosage forms, with moisture uptake being
a common cause for product package failures. Permeation methods in the current chapter
establish equivalence for packaging (cap/bottle and blister packs) based on the USP standards

1S (USP37)
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for well-closed or tight containers. It is proposed to revise the chapter to include a new
permeation method for determining barrier protection for packaging systems. All other changes
to the chapter are organizational and editorial in nature. A workshop will be held May 20 and
21, 2013 at USP in Rockville to discuss comments on this general chapter and potential future
revisions.

(GCPS: D. Hunt.)
Correspondence Number—C70463

Comment deadline: May 31, 2013

671  CONTAINERS—PERFORMANCE TESTING

Change to read:

It is the purpose of this chapter to provide standards for the functional properties of containers
and their components used to package regulated articles (pharmaceuticals, biologics, dietary

supplements, and devices). Definitions that apply to this chapter are provided in 659
Packaging and Storage Requirements. The tests that follow are provided to determine the
moisture permeability and light transmission of containers utilized for regulated articles. The
section Multiple-Unit Containers for Capsules and Tablets applies to multiple-unit containers.
The section Single-Unit Containers and Unit-Dose Containers for Capsules and Tablets applies
to single-unit and unit-dose containers. The section Multiple-Unit Containers for Capsules and
Tablets (Without Closure) applies to polyethylene and polypropylene containers that have no
closures. The section Multiple-Unit and Single-Unit Containers for Liquids applies to multiple-unit
and single-unit containers.

A container intended to provide protection from light or offered as a light-resistant container
meets the requirements for Light Transmission, where such protection or resistance is by virtue
of the specific properties of the material of which the container is composed, including any
coating applied thereto. A clear and colorless or a translucent container that is made light-
resistant by means of an opaque enclosure (see General Notices and Requirements) is exempt
from the requirements for Light Transmission. As used herein, the term “container” refers to
the entire system comprising, usually, the container itself, the liner (if used), the closure in the
case of multiple-unit containers, and the lidding and blister in the case of unit-dose containers.

MOISTURE PERMEATION

Multiple-Unit Containers for Capsules and Tablets

Desiccant—Place a quantity of 4- to 8-mesh, anhydrous calcium chloride1 in a shallow

container, taking care to exclude any fine powder, then dry at 110  for 1 hour, and cool in a
desiccator.

Procedure—Select 12 containers of a uniform size and type, clean the sealing surfaces with a
lint-free cloth, and close and open each container 30 times. Apply the closure firmly and
uniformly each time the container is closed. Close screw-capped containers with a torque that
is within the range of tightness specified in the accompanying table. Add Desiccant to 10 of
the containers, designated test containers, filling each to within 13 mm of the closure if the
container volume is 20 mL or more, or filling each to two-thirds of capacity if the container
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volume is less than 20 mL. If the interior of the container is more than 63 mm in depth, an inert
filler or spacer may be placed in the bottom to minimize the total weight of the container and
Desiccant; the layer of Desiccant in such a container shall be not less than 5 cm in depth.
Close each immediately after adding Desiccant, applying the torque designated in the
accompanying table when closing screw-capped containers. To each of the remaining 2
containers, designated controls, add a sufficient number of glass beads to attain a weight
approximately equal to that of each of the test containers, and close, applying the torque
designated in the accompanying table when closing screw-capped containers. Record the
weight of the individual containers so prepared to the nearest 0.1 mg if the container volume is
less than 20 mL; to the nearest mg if the container volume is 20 mL or more but less than 200
mL; or to the nearest centigram (10 mg) if the container volume is 200 mL or more; and store

at 75 ± 3% relative humidity and a temperature of 23 ± 2 . [Note—A saturated system of 35 g
of sodium chloride with each 100 mL of water placed in the bottom of a desiccator maintains
the specified humidity. Other methods may be employed to maintain these conditions. ] After
336 ± 1 hours (14 days), record the weight of the individual containers in the same manner.
Completely fill 5 empty containers of the same size and type as the containers under test with
water or a noncompressible, free-flowing solid such as well-tamped fine glass beads, to the
level indicated by the closure surface when in place. Transfer the contents of each to a
graduated cylinder, and determine the average container volume, in mL. Calculate the rate of
moisture permeability, in mg per day per L, by the formula:

(1000/14V)[(TF  TI)  (CF  CI)]

in which V is the volume, in mL, of the container; (TF  TI) is the difference, in mg, between

the final and initial weights of each test container; and (CF  CI) is the difference, in mg,
between the average final and average initial weights of the 2 controls. For containers used for
drugs being dispensed on prescription, the containers so tested are tight containers if not more
than 1 of the 10 test containers exceeds 100 mg per day per L in moisture permeability, and
none exceeds 200 mg per day per L. 
For containers used for drugs being dispensed on prescription, the containers are well-closed
containers if not more than 1 of the 10 test containers exceeds 2000 mg per day per L in
moisture permeability, and none exceeds 3000 mg per day per L.

Table 1. Torque Applicable to Screw-Type Container

Closure Diametera (mm)
Suggested Tightness Range with 

Manually Applied Torqueb (inch-pounds)

8 5
10 6
13 8
15 5–9
18 7–10
20 8–12
22 9–14
24 10–18
28 12–21
30 13–23
33 15–25
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38 17–26
43 17–27
48 19–30
53 21–36
58 23–40
63 25–43
66 26–45
70 28–50
83 32–65
86 40–65
89 40–70
100 45–70
110 45–70
120 55–95
132 60–95

a  The torque designated for the next larger closure diameter is to be applied in testing
containers having a closure diameter intermediate to the diameters listed.
b  A suitable apparatus is available from SecurePak, PO Box 1210, Maumee, Ohio 43537-8210.
MRA Model with indicators on both the removal and application sides available in the following
ranges: 1) 0–25 inch lbs., read in 1-inch lb. increments, 2) 0–50 inch lbs., read in 2-inch lb.
increments, and 3) 0–100 inch lbs., read in 5-inch lb. increments. For further detail regarding
instructions, reference may be made to “Standard Test Method for Application and Removal
Torque of Threaded or Lug-Style Closures” ASTM Method D3198-02, published by the
American Society for Testing and Materials, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959.

Multiple-Unit Containers for Capsules and Tablets (Without Closure)

Polyethylene Container—Fit the containers with impervious seals obtained by heat-sealing
the bottles with an aluminum foil–polyethylene laminate or other suitable seal.2 Test the
containers as specified under Multiple-Unit Containers for Capsules and Tablets: the high-
density polyethylene containers so tested meet the requirements if the moisture permeability
exceeds 10 mg per day per L in not more than 1 of the 10 test containers and exceeds 25 mg
per day per L in none of them. The low-density polyethylene containers so tested meet the
requirements if the moisture permeability exceeds 20 mg per day per L in not more than 1 of
the 10 test containers and exceeds 30 mg per day per L in none of them.

Polypropylene Containers—Fit the containers with impervious seals obtained by heat-sealing
the bottles with an aluminum foil–polyethylene laminate or other suitable seal. Test the
containers as described under Multiple-Unit Containers for Capsules and Tablets. The
containers meet the requirements if the moisture permeability exceeds 15 mg per day per L in
not more than 1 of the 10 test containers and exceeds 25 mg per day per L in none of them.

Single-Unit Containers and Unit-Dose Containers for Capsules and Tablets

To permit an informed judgment regarding the suitability of the packaging for a particular type
of product, the following procedure and classification scheme are provided for evaluating the
moisture-permeation characteristics of single-unit and unit-dose containers. Inasmuch as
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equipment and operator performance may affect the moisture permeation of a container formed
or closed, the moisture-permeation characteristics of the packaging system being utilized shall
be determined.

Desiccant—Dry suitable desiccant pellets3 at 110  for 1 hour prior to use. Use pellets weighing
approximately 400 mg each and having a diameter of approximately 8 mm. [Note—If necessary
due to limited unit-dose container size, pellets weighing less than 400 mg each and having a
diameter of less than 8 mm may be used. ]

Procedure—

Method I—Seal not fewer than 10 unit-dose containers with 1 pellet in each, and seal 10
additional, empty unit-dose containers to provide the controls, using finger cots or padded
forceps to handle the sealed containers. Number the containers, and record the individual
weights4 to the nearest mg. Weigh the controls as a unit, and divide the total weight by the
number of controls to obtain the average. Store all of the containers at 75 ± 3% relative

humidity and at a temperature of 23 ± 2 . [Note—A saturated system of 35 g of sodium
chloride with each 100 mL of water placed in the bottom of a desiccator maintains the specified
humidity. Other methods may be employed to maintain these conditions. ] After a 24-hour
interval, and at each multiple thereof (see Results), remove the containers from the chamber,
and allow them to equilibrate for 15 to 60 minutes in the weighing area. Again record the
weight of the individual containers and the combined controls in the same manner. [Note—If
any indicating pellets turn pink during this procedure, or if the pellet weight increase exceeds
10%, terminate the test, and regard only earlier determinations as valid. ] Return the
containers to the humidity chamber. Calculate the rate of moisture permeation, in mg per day,
of each container taken by the formula:

(1/N)[(WF  WI)  (CF  CI)]

in which N is the number of days expired in the test period (beginning after the initial 24-hour

equilibration period); (WF  WI) is the difference, in mg, between the final and initial weights of

each test container; and (CF  CI) is the difference, in mg, between the average final and
average initial weights of the controls, the data being calculated to two significant figures.
[Note—Where the permeations measured are less than 5 mg per day, and where the controls
are observed to reach equilibrium within 7 days, the individual permeations may be determined
more accurately by using the 7-day test container and control container weights as WI and CI,
respectively, in the calculation. In this case, a suitable test interval for Class A (see Results)
would be not less than 28 days following the initial 7-day equilibration period (a total of 35
days). ]

Method II—Use this procedure for packs (e.g., punch-out cards) that incorporate a number of
separately sealed unit-dose containers or blisters. Seal a sufficient number of packs, such that
not fewer than 4 packs and a total of not fewer than 10 unit-dose containers or blisters filled
with 1 pellet in each unit are tested. Seal a corresponding number of empty packs, each pack
containing the same number of unit-dose containers or blisters as used in the test packs, to
provide the controls. Store all of the containers at 75 ± 3% relative humidity and at a

temperature of 23 ± 2 . [Note—A saturated system of 35 g of sodium chloride with each 100
mL of water placed in the bottom of a desiccator maintains the specified humidity. Other
methods may be employed to maintain these conditions. ] After 24 hours, and at each multiple
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thereof (see Results), remove the packs from the chamber, and allow them to equilibrate for
about 45 minutes. Record the weights of the individual packs, and return them to the chamber.
Weigh the control packs as a unit, and divide the total weight by the number of control packs
to obtain the average empty pack weight. [Note—If any indicating pellets turn pink during the
procedure, or if the average pellet weight increase in any pack exceeds 10%, terminate the
test, and regard only earlier determinations as valid. ] Calculate the average rate of moisture
permeation, in mg per day, for each unit-dose container or blister in each pack taken by the
formula:

(1/NX)[(WF  WI)  (CF  CI)]

in which N is the number of days expired in the test period (beginning after the initial 24-hour

equilibration period); X is the number of separately sealed units per pack; (WF  WI) is the

difference, in mg, between the final and initial weights of each test pack; and (CF  CI) is the
difference, in mg, between the average final and average initial weights of the control packs,
the rates being calculated to two significant figures.

Results—The individual unit-dose containers as tested in Method I are designated Class A if
not more than 1 of 10 containers tested exceeds 0.5 mg per day in moisture permeation rate
and none exceeds 1 mg per day; they are designated Class B if not more than 1 of 10
containers tested exceeds 5 mg per day and none exceeds 10 mg per day; they are designated
Class C if not more than 1 of 10 containers tested exceeds 20 mg per day and none exceeds 40
mg per day; and they are designated Class D if the containers tested meet none of the
moisture permeation rate requirements. 
The packs as tested in Method II are designated Class A if no pack tested exceeds 0.5 mg per
day in average blister moisture permeation rate; they are designated Class B if no pack tested
exceeds 5 mg per day in average blister moisture permeation rate; they are designated Class C
if no pack tested exceeds 20 mg per day in average blister moisture permeation rate; and they
are designated Class D if the packs tested meet none of the above average blister moisture
permeation rate requirements. 
With the use of the Desiccant described herein, as stated for Method I and Method II, after
every 24 hours, the test and control containers or packs are weighed; and suitable test
intervals for the final weighings, WF and CF, are as follows: 24 hours for Class D; 48 hours for
Class C; 7 days for Class B; and not less than 28 days for Class A.

Multiple-Unit Containers and Unit-Dose Containers for Liquids

The standards and tests provided in this section measure the functional and performance
characteristics of bottles used to package aqueous products by measuring the liquid water
weight loss as a percent of the contents. This test can also be used to demonstrate
performance or functional comparability. [Note—Throughout the following procedure, determine
the weights of individual container–closure systems (bottle, innerseal if used, and closure) both
as tare weights and fill weights, to the nearest 0.1 mg if the bottle capacity is less than 200
mL; to the nearest mg if the bottle capacity is 200 mL or more but less than 1000 mL; or to the
nearest centigram (10 mg) if the bottle capacity is 1000 mL or more. ]

Procedure—Select 12 bottles of a uniform size and type, and clean the sealing surfaces with a
lint-free cloth. Fit each bottle with a seal, closure liner (if applicable), and closure. Number
each container–closure system, and record the tare weight. 
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Remove the closures and, using a pipet, fill 10 bottles with water to the fill capacity. Fill 2
containers with glass beads to the same approximate weight of the filled test containers. If
using screw closures, apply a torque that is within the range specified in Table 1, and store the

sealed containers at a temperature of 25 ± 2  and a relative humidity of 40 ± 2%. After 336 ±
1 hours (14 days), record the weight of the individual containers, and calculate the water
weight loss rate, in percent per year, for each bottle taken by the formula:

(W1i  WT)  (W14i  WT)  (WC1  WC14) 365 × 100/(W1i  WT)14 = Percent per year

in which W1i is the initial weight of each individual bottle (i); WT is the tare weight; W14i is the

weight of each individual bottle (i) at 14 days; and (WC1  WC14) is the average weight
change of the controls from initial to 14 days. 
The containers so tested meet the requirements and are tight containers if the percentage of
water weight loss does not exceed 2.5% per year in not more than 1 of the 10 test containers
and does not exceeds 5.0% per year in none of them.

LIGHT TRANSMISSION TEST

Apparatus5—Use a spectrophotometer of suitable sensitivity and accuracy, adapted for
measuring the amount of light transmitted by either transparent or translucent glass or plastic
materials used for pharmaceutical containers. In addition, the spectrophotometer is capable of
measuring and recording light transmitted in diffused as well as parallel rays.

Procedure—Select sections to represent the average wall thickness. Cut circular sections from
two or more areas of the container and trim them as necessary to give segments of a size
convenient for mounting in the spectrophotometer. After cutting, wash and dry each specimen,
taking care to avoid scratching the surfaces. If the specimen is too small to cover the opening
in the specimen holder, mask the uncovered portion of the opening with opaque paper or
masking tape, provided that the length of the specimen is greater than that of the slit in the
spectrophotometer. Immediately before mounting in the specimen holder, wipe the specimen
with lens tissue. Mount the specimen with the aid of a tacky wax, or by other convenient
means, taking care to avoid leaving fingerprints or other marks on the surfaces through which
light must pass. Place the section in the spectrophotometer with its cylindrical axis parallel to
the plane of the slit and approximately centered with respect to the slit. When properly placed,
the light beam is normal to the surface of the section and reflection losses are at a minimum. 
Continuously measure the transmittance of the section with reference to air in the spectral
region of interest with a recording instrument or at intervals of about 20 nm with a manual
instrument, in the region of 290 to 450 nm.

Limits—The observed light transmission does not exceed the limits given in Table 2 for
containers intended for parenteral use.

Table 2. Limits for Plastic Classes I–VI and Glass Types I, II, and III

 

Maximum Percentage of Light 
Transmission at Any Wavelength 

between 290 and 450 nm

Nominal Size 
(in mL)

Flame-sealed 
Containers

Closure-sealed 
Containers

1 50 25
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2 45 20
5 40 15
10 35 13
20 30 12
50 15 10

[Note—Any container of a size intermediate to those listed above exhibits a transmission not
greater than that of the next larger size container listed in the table. For containers larger than
50 mL, the limits for 50 mL apply. ] 
The observed light transmission for plastic containers for products intended for oral or topical
administration does not exceed 10% at any wavelength in the range from 290 to 450 nm.

INTRODUCTION

It is the purpose of this chapter to provide standards for the functional properties of packaging
systems used for solid oral dosage forms (SODF) and liquid oral dosage forms (LODF) for
pharmaceuticals and dietary supplements. Definitions that apply to this chapter are provided in

Packaging and Storage Requirements 659 . The tests that follow are provided to determine
the moisture vapor transmission rate (water vapor permeation rate) and spectral transmission
of plastic containers. 
Test methods are provided to measure moisture vapor transmission rates that may be useful for
pharmaceutical and dietary supplement manufacturers to determine the level of barrier
protection provided by packaging systems for SODF. Additional methods are provided to
determine classification of packaging systems for SODF and LODF that are repackaged by
organizations or when being dispensed on prescription by pharmacists as single-unit and
multiple-unit containers (Table 1). There may be additional packaging systems where the test
methods in this section could be applied; however, any deviation should be described. If other
methods are used to measure moisture vapor transmission rate, these methods should be
described in sufficient detail to justify their use.

Table 1. Moisture Vapor Transmission Test Methods for Packaging Systems

 

Solid Oral Dosage Forms

Liquid Oral
Dosage
Forms

Section
Title

Barrier Protection
Determination

Classification for
Multiple-Unit
Containers

Classification for
Single-Unit
Containers and
Unit-Dose
Containers

Classification for
Multiple-Unit
Containers and
Unit-Dose
Containers

Application

Multiple-unit containers
with seal intact or
broached state and
single-unit or unit dose
containers

Multiple-unit
containers with
closure applied and
seal intact or
broached state

Single-unit and
unit-dose
containers in
sealed state

Multiple- and
single-unit
containers

Users Manufacturers

Manufacturers
Packagers
Repackagers
Pharmacies

Manufacturers
Packagers
Repackagers
Pharmacies

Manufacturers
Packagers
Repackagers
Pharmacies
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Definitions

Blister—Formed, lidded, and sealed plastic or foil dome that contains the capsule or tablet
(usually a single-unit or unit-dose). 
Low-barrier blister—Blisters made from low-barrier materials formed and sealed so that the

moisture vapor transmission rate when tested at 40 /75% relative humidity (RH) is greater
than 1.0 mg/cavity-day. 
High-barrier blister—Blisters made from high-barrier material, formed and sealed so that the

moisture vapor transmission rate when tested at 40 /75% RH is less than 1.0 mg/cavity-day. 
Ultra-high barrier blister—Blisters made from high-barrier material, formed and sealed so

that the moisture vapor transmission rate when tested at 40 /75% RH is less than 0.01
mg/cavity-day. 
Blister card—A contiguous group of blisters formed and sealed with lid in place. The number
of blisters per card commonly ranges from one to ten but may be more. The blister card may
sometimes be referred to as a packaging system. 
Cavity—Formed, lidded, and sealed plastic or foil dome (see Blister). 
Moisture vapor transmission rate—The steady state moisture vapor transmission in unit
time through a packaging system, under specific conditions of temperature and humidity.
These test methods use gravimetric measurement to determine the rate of weight gain as a
result of water vapor transmission into the packaging system and subsequent uptake by a
desiccant enclosed within the packaging system. 
Test specimen (or specimen)—For multiple-unit containers, the bottle is the test specimen;
and for single-unit or unit-dose containers, the blister card is the test specimen. For blisters,
more than one card (or specimen) may be grouped into a test unit for conducting the test. 
Test unit—For multiple-unit containers, the bottle is the test unit as well as being the test
specimen and for single-unit or unit-dose containers, the test unit is a group of test
specimens (cards) processed together for temperature and humidity exposure and for
weighing at each time point. The purpose of the test unit for single-unit or unit-dose
containers is to gain the advantage of additive weight gain resulting from more units than are
present on a single card. Detailed discussion of this point is available in ASTM E-96.1 The test
unit, when applied to bottles, is used to maintain congruence of naming among the three test
methods.

MOISTURE VAPOR TRANSMISSION

Barrier Protection Determination for Packaging Systems for Solid Oral Dosage Forms

This section describes moisture vapor transmission test methods for multiple-unit containers
(Method 1), high barrier single-unit and unit-dose containers (Method 2), and low barrier single-
unit and unit-dose containers (Method 3) used by pharmaceutical manufacturers to package
SODF. The purpose of this test method is to obtain reliable and specific moisture vapor
transmission rates that can be used to discriminate among barrier performance of packaging
systems used for regulated articles; the method has been published as ASTM method D7709.2 
This method contains the following attributes:

a. Reports a specific moisture vapor transmission value for a container rather than a
classification.
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b. Intended to be of sufficient sensitivity and precision to allow clear discrimination of the
moisture barrier performance for containers

c. Conditions used for testing these packaging systems are the same as those used for

accelerated stability testing of the primary packaging of regulated articles (typically 40
/75% RH).

EQUIPMENT

The following items should be available:
A balance for weighing the test specimens that has sufficient capacity to weigh the
test specimens throughout the period of the test (see Weighing on an Analytical

Balance 1251 ). The balance shall have sensitivity adequate to measure small
differences in weight from one time point to the next. The weighing uncertainty shall be
smaller than 5% of the weight gain from one time point to the next. The weighing
uncertainty is typically three times the balance resolution/sensitivity. As an example, a
balance with a resolution of 0.1 mg is acceptable for packaging systems whose weight
gain per time interval is more than or equal to 6 mg ((0.1 × 3)/5%), which is 60 times
the balance sensitivity.

A chamber capable of maintaining 40 ± 2  and 75 ± 5% RH.

DESICCANT

Method 1: The desiccant is anhydrous calcium chloride in granular form. Other desiccants,
such as a molecular sieve or silica gel, may be suitable. If anhydrous calcium chloride is used,

pre-dry at 215 ± 5  for 7 1/4 ± 1/4 h to ensure that any hexahydrate present is fully converted
to the anhydrate. Cool the desiccant in a desiccator for at least 2 h before use.

Methods 2 and 3: The desiccant is silica gel molded in a form to fit the size and shape of the
blister cavity used. Other desiccants may be suitable, for example, a molecular sieve. If silica

gel is used, pre-dry in a circulating hot air oven at one of two conditions: 155 ± 5  for 3 1/4 ±

1/4 h or 150 ± 5  for 4 1/4 ± 1/4 h. If a molecular sieve is used, pre-dry in a muffle furnace at

595 ± 25 . Dry the 4A and 3A sieves for 3 1/4 ± 1/4 h; dry the 13X sieve for 5 1/4 ± 1/4 h.
Cool the desiccant in a desiccator for at least 2 h before use. [Note—It has been shown3 that
anhydrous calcium chloride may contain calcium hexahydrate, which loses water only when the

temperature reaches 200 .]

PROCEDURE

Method 1: Use 15 multiple-unit containers and 15 closures representative of the system to be
tested. Prepare the test specimens by filling each multiple-unit container two-thirds with
desiccant then, for screw type closures, apply the closure using the torque that is within the
range of tightness specified in Table 2. For other closure types, apply according to the
intended method. Ensure that a proper seal has been made with the intended membrane to the
land area of the bottle finish. Identify each multiple-unit container with indelible ink. Do not use
a label. 
Weigh each multiple-unit container at ambient temperature and RH. Record this weight for time

zero. Place all containers in the test chamber (40 /75% RH) within 1 h of weighing. Weigh all
multiple-unit containers at time intervals of 7 days ± 1 h. Weigh the multiple-unit containers at
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7, 14, 21, 28, and 35 days to get steady-state data points. (The time interval from time 0 to
day 7 is the period of equilibration.) Prior to weighing at each time interval, equilibrate the
containers for about 30 min at the weighing temperature and RH. Limit the time out of the
chamber to less than 2 h. Record the weights in an appropriate manner for later computation of
the regression line.

Table 2. Torque Applicable to Screw-Type Container

Closure
Diametera 

(mm)

Suggested Tightness Range
with Manually Applied Torqueb 

(inch-pounds)

Suggested Tightness Range
with Manually Applied Torqueb 

(Newton-meters)

8 5 0.56
10 6 0.68
13 8 0.90
15 5–9 0.56–1.02
18 7–10 0.79–1.13
20 8–12 0.90–1.36
22 9–14 1.02–1.58
24 10–18 1.13–2.03
28 12–21 1.36–2.37
30 13–23 1.47–2.60
33 15–25 1.69–2.82
38 17–26 1.92–2.94
43 17–27 1.92–3.05
48 19–30 2.15–3.39
53 21–36 2.37–4.07
58 23–40 2.60–4.52
63 25–43 2.82–4.86
66 26–45 2.94–5.08
70 28–50 3.16–5.65
83 32–65 3.62–7.35
86 40–65 4.52–7.35
89 40–70 4.52–7.91
100 45–70 5.09–7.91
110 45–70 5.09–7.91
120 55–95 6.22–10.74
132 60–95 6.78–10.74

a  The torque designated for the next larger closure diameter is to be applied in testing
containers having a closure diameter intermediate to the diameters listed.
b  A suitable apparatus is available from SecurePak, PO Box 1210, Maumee, Ohio 43537-8210;
www.secure-pak.com. MRA Model with indicators on both the removal and application sides
available in the following ranges: 1) 0–25 inch lbs., read in 1-inch lb. increments, 2) 0–50 inch
lbs., read in 2-inch lb. increments, and 3) 0–100 inch lbs., read in 5-inch lb. increments. For
further detail regarding instructions, reference may be made to “Standard Test Method for
Application and Removal Torque of Threaded or Lug-Style Closures” ASTM Method D3198,
published by the ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West
Conshohocken, PA 19428-2959.
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Method 2: Provide a minimum of 10 blister cavities for each test specimen. If the card contains
less than 10 cavities, bundle the cards to form a single test specimen of at least 10 cavities.
This is required to provide sufficient weight gain at each time interval. Fill with pre-dried
desiccant, and seal the blisters on equipment that is capable of correctly filling and sealing the
blister. The desiccant tablet should fill the cavity, but for practical considerations, multiple
fragments may be used. If fragments are used, the total weight of desiccant shall be enough to
meet the quantity required to avoid partial saturation of the desiccant before completion of the
test. Additional background on the determination of the quantity of desiccant required for
blister packages can be found in ASTM E96/E96-M.1 Fill the blisters in a low-humidity
atmosphere (as low as possible, but not greater than 50% RH). Do not expose the desiccants
to room humidity for more than 30 min before sealing. Bundle blisters into test specimens, and
identify each test specimen with indelible ink; do not use a label. A test specimen will be one or
more blister cards. 

Place all test units in the test chamber (40 /75% RH) within 1 h of weighing. Weigh all test
units at time intervals of 7 days ± 1 h. Weigh the test units at 7, 14, 21, 28, and 35 days to
get 5 steady-state data points. (The time interval from time 0 to day 7 is the period of
equilibration.) Prior to weighing at each time interval, equilibrate the containers for about 30
min at the weighing temperature and RH. Limit the time out of the chamber to less than 2 h.
Record the weights in an appropriate manner for later computation of the regression line. 
Ultra-high barrier blisters may not show the full measure of precision and sensitivity this method
can provide. For ultra-high barrier blisters, test units should have more than 10 cavities, but
NMT 30 cavities. Examples are foil-foil blisters or very small blisters formed from other materials.
An alternative approach is to double or triple the length of weighing intervals to achieve at
least a 6-mg weight gain per time interval by the test specimen.

Method 3: Prepare the test units as directed for Method 2. Place all test units in the test

chamber (40 /75% RH) within 1 h of weighing. Weigh the test units at the end of 2 days (48 ±
1 h). At this time, the difference in weight (the weight gain) is divided by the number of blisters
and days (2) in each test unit and this is taken as the moisture vapor transmission rate in
mg/blister/day. The number of blisters tested depends on the barrier characteristics of the
material, the size of the blister, and the sensitivity of the balance used in the test. For this
method, the requirement of five consecutive weighings is waived because the desiccant quickly

becomes saturated when packed in a low-barrier package and stored at 40 /75% RH. [Note
—For single-unit and unit-dose low barrier containers, the weight gain after the second day
displays a curvilinear profile typical of approaching saturation of the desiccant. To obtain five
weighings within 2 days is not viable and is likely to increase variability. Methods 1 and 2 may
require that the blister cards be bundled in multiples to achieve periodic weight gains of
sufficient magnitude to use the balance sensitivity. When bundled, these cards are called test
specimens. ASTM method E 96/E96M1 specifies that the weight gain in each weighing period
shall be 20 times the sensitivity of the balance, and the balance sensitivity is 3 times the
balance precision. In other words, the minimal weight gain per time interval should be at least
60 times the balance precision.]

CALCULATIONS

For Methods 1 and 2, perform the regression analysis for each test unit. Typically, the initial
data point (at day 0) is not included in fitting the regression line. The slope of the regression
line is the moisture vapor transmission rate of each test unit. For Method 1, the slope is the
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moisture vapor transmission rate for the corresponding multiple-unit container. For Method 2,
the moisture vapor transmission rate of each blister cavity is calculated by dividing the slope by
the number of cavities in each test unit. 
For Method 3, calculate the weight gain in mg/day from day 0 to day 2 using the 10 test units.
The moisture vapor transmission rate of each blister is calculated by dividing the weight gain by
2 (for 2 days) and the number of blisters in each test unit.

Regression Equation:

W = I + MT

Calculations:

Intercept (I) = W  MT

where

T = Time point 
T = Overall time point mean 
W = Measured weight 
W = Overall weight mean 
M = Regression line slope 
I = Regression line intercept (point where regression line intersects the vertical axis) 
N = Number of data points (each point consists of a weight and a time)

equals sum of cross-products (for example, for each of the N data points, subtract the overall
weight mean from the weight value and the overall time mean from the time value and multiply
the two differences to get a cross-product. Then sum all N cross-products).

equals sum of squared deviations (for example, for each of the N data points, subtract the
overall mean time from the time value and square the difference. Then sum all N squared
differences).

RESULTS

Method 1: Report the moisture vapor transmission rate as the average value, in mg/day per
container, and the standard deviation of the 15 slopes. Report the size and style of the bottle
and cap tested and the materials of construction for the bottle, cap, and cap liner system.

Method 2: Report the moisture vapor transmission rate as the average value, in mg/day per
cavity, and the standard deviation of the 10 test unit slopes. Report the blister description and
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the materials of construction of the blister and lid.

Method 3: Report the moisture vapor transmission rate as the average value from day 0 to day
2, in mg/day per blister, and the standard deviation of the 10 test unit slopes. Report the
blister description and the materials of construction of the blister and lid.

Packaging System Classification for Multiple-Unit Containers for Solid Oral Dosage
Forms

The following procedure and classification scheme is provided to evaluate the moisture vapor
transmission characteristics of multiple-unit containers. The information gathered should be
used to make an informed judgment regarding the suitability of the packaging system for SODF.

DESICCANT

Place a quantity of 4- to 8-mesh, anhydrous calcium chloride4 in a shallow container, taking

care to exclude any fine powder, dry at 110  for 1 h, and cool in a desiccator.

PROCEDURE

Select 12 containers of a uniform size and type, clean the sealing surfaces with a lint-free
cloth, and close and open each container 30 times. Apply the closure firmly and uniformly each
time the container is closed. Close screw-capped containers with a torque that is within the
range of tightness specified in Table 2. Add Desiccant to 10 of the containers, designated test
containers, filling each to within 13 mm of the closure if the container volume is 20 mL or more,
or filling each to two-thirds of capacity if the container volume is less than 20 mL. If the
interior of the container is more than 63 mm in depth, an inert filler or spacer may be placed in
the bottom to minimize the total weight of the container and Desiccant; the layer of Desiccant
in such a container shall be not less than 5 cm in depth. Close each container immediately after
adding Desiccant, applying the torque designated in Table 2 when closing screw-capped
containers. To each of the remaining two containers, designated controls, add a sufficient
number of glass beads to attain a weight approximately equal to that of each of the test
containers, and close, applying the torque designated in Table 2 when closing screw-capped
containers. Record the weight of the individual containers to the nearest 0.1 mg if the
container volume is less than 20 mL; to the nearest mg if the container volume is 20 mL or
more but less than 200 mL; or to the nearest centigram (10 mg) if the container volume is 200

mL or more; and store at 75 ± 3% RH and a temperature of 23 ± 2 . [Note—A saturated
system of 35 g of sodium chloride with each 100 mL of water placed in the bottom of a
desiccator maintains the specified humidity. Other methods may be employed to maintain these
conditions.] After 336 ± 1 h (14 days), record the weight of the individual containers in the
same manner. Completely fill five empty containers of the same size and type as the containers
under test with water or a noncompressible, free-flowing solid, such as well-tamped fine glass
beads, to the level indicated by the closure surface when in place. Transfer the contents of
each to a graduated cylinder, and determine the average container volume, in mL. Calculate
the rate of moisture vapor transmission, in mg/day/L:

(1000/14V)[(TF  TI)  (CF  CI)]

in which V is the volume, in mL, of the container; (TF  TI) is the difference, in mg, between
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the final and initial weights of each test container; and (CF  CI) is the difference, in mg,
between the average final and average initial weights of the two controls

Classification: Packaging systems are tight if NMT 1 of the 10 test containers exceeds 100
mg/day/L in moisture vapor transmission, and none exceeds 200 mg/day/L. Packaging systems
are well-closed if NMT 1 of the 10 test containers exceeds 2000 mg/day/L in moisture vapor
transmission, and none exceeds 3000 mg/day/L.

POLYETHYLENE AND POLYPROPYLENE CONTAINERS

Fit the containers with impervious seals obtained by heat-sealing the bottles with an aluminum
foil–polyethylene laminate or other suitable seal.5 Test as directed in the Procedure section.

Classification: High-density polyethylene containers meet the requirements if the moisture
vapor transmission exceeds 10 mg/day/L in NMT 1 of the 10 test containers and exceeds 25
mg/day/L in none of them. Low-density polyethylene containers meet the requirements if the
moisture vapor transmission exceeds 20 mg/day/L in NMT 1 of the 10 test containers and
exceeds 30 mg/day /L in none of them. 
Polypropylene containers meet the requirements if the moisture vapor transmission exceeds 15
mg/day/L in NMT 1 of the 10 test containers and exceeds 25 mg/day /L in none of them.

Packaging System Classification for Single-Unit Containers and Unit-Dose Containers for
Solid Oral Dosage Forms

The following procedure and classification scheme are provided to evaluate the moisture vapor
transmission characteristics of single-unit containers and unit-dose containers. The information
gathered should be used to make an informed judgment regarding the suitability of the
packaging system for SODF.

DESICCANT

Dry suitable desiccant pellets6 at 110  for 1 h prior to use, and cool in a desiccator. Use pellets
weighing approximately 400 mg each and having a diameter of approximately 8 mm. [Note—If
necessary because of limited unit-dose container size, pellets weighing less than 400 mg each
and having a diameter of less than 8 mm may be used.]

PROCEDURE

Method 1: Seal NLT 10 unit-dose containers with one pellet in each, and seal 10 additional,
empty unit-dose containers to provide the controls, using finger cots or padded forceps to
handle the sealed containers. Number the containers, and record the individual weights7 to the
nearest mg. Weigh the controls as a unit, and divide the total weight by the number of controls
to obtain the average. Store all of the containers at 75 ± 3% RH and at a temperature of 23 ±

2 . [Note—A saturated system of 35 g of sodium chloride with each 100 mL of water placed in
the bottom of a desiccator maintains the specified humidity. Other methods may be employed
to maintain these conditions.] After a 24-h interval, and at each multiple thereof (see
Classification), remove the containers from the chamber, and allow them to equilibrate for 15 to
60 min in the weighing area. Again, record the weight of the individual containers and the
combined controls in the same manner. [Note—If any indicating pellets turn pink during this
procedure, or if the pellet weight increase exceeds 10%, terminate the test, and regard only
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earlier determinations as valid.] Return the containers to the humidity chamber. Calculate the
rate of moisture vapor transmission, in mg/day, of each container taken:

(1/N)[(WF  WI)  (CF  CI)]

in which N is the number of days expired in the test period (beginning after the initial 24-h

equilibration period); (WF  WI) is the difference, in mg, between the final and initial weights of

each test container; and (CF  CI) is the difference, in mg, between the average final and
average initial weights of the controls, the data being calculated to two significant figures.
[Note—Where the moisture vapor transmission rates measured are less than 5 mg/day, and
where the controls are observed to reach equilibrium within 7 days, the individual moisture
vapor transmission rates may be determined more accurately by using the 7-day test container
and control container weights as WI and CI, respectively, in the calculation. In this case, a
suitable test interval for Class A (see Classification) would be NLT 28 days following the initial
7-day equilibration period (a total of 35 days).]

Method 2: Use this procedure for packs (e.g., punch-out cards) that incorporate a number of
separately sealed unit-dose containers or blisters. Seal a sufficient number of packs, such that
NLT four packs and a total of NLT 10 unit-dose containers or blisters filled with one pellet in
each unit are tested. Seal a corresponding number of empty packs, each pack containing the
same number of unit-dose containers or blisters as used in the test packs, to provide the

controls. Store all of the containers at 75 ± 3% RH and at a temperature of 23 ± 2 . [Note—A
saturated system of 35 g of sodium chloride with each 100 mL of water placed in the bottom of
a desiccator maintains the specified humidity. Other methods may be employed to maintain
these conditions.] After 24 h, and at each multiple thereof (see Classification), remove the
packs from the chamber, and allow them to equilibrate for about 45 min. Record the weights of
the individual packs, and return them to the chamber. Weigh the control packs as a unit, and
divide the total weight by the number of control packs to obtain the average empty pack
weight. [Note—If any indicating pellets turn pink during the procedure, or if the average pellet
weight increase in any pack exceeds 10%, terminate the test, and regard only earlier
determinations as valid.] Calculate the average rate of moisture vapor transmission, in mg/day,
for each unit-dose container or blister in each pack taken:

(1/NX)[(WF  WI)  (CF  CI)]

in which N is the number of days expired in the test period (beginning after the initial 24-h

equilibration period); X is the number of separately sealed units per pack; (WF  WI) is the

difference, in mg, between the final and initial weights of each test pack; and (CF  CI) is the
difference, in mg, between the average final and average initial weights of the control packs,
the rates being calculated to two significant figures.

Using the Desiccant stated for Method 1 and Method 2, the test and control containers or
packs are weighed after every 24 h and after suitable test intervals for the final weighings. WF

and CF, are as follows: 24 h for Class D; 48 h for Class C; 7 days for Class B; and NLT 28 days
for Class A.

Classification: The individual unit-dose containers as tested in Method I are designated as
follows: Class A if not more than 1 of 10 containers tested exceeds 0.5 mg/day in moisture
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vapor transmission rate and none exceeds 1 mg/day; Class B if NMT 1 of 10 containers tested
exceeds 5 mg/day and none exceeds 10 mg/day; Class C if NMT 1 of 10 containers tested
exceeds 20 mg/day and none exceeds 40 mg/day; and Class D if the containers tested meet
none of the moisture vapor transmission rate requirements. 
The packs as tested in Method 2 are designated as follows: Class A if no pack tested exceeds
0.5 mg/day in average blister moisture vapor transmission rate; Class B if no pack tested
exceeds 5 mg/day in average blister moisture vapor transmission rate; Class C if no pack tested
exceeds 20 mg/day in average blister moisture vapor transmission rate; and Class D if the
packs tested meet none of the above average blister moisture vapor transmission rate
requirements.

Packaging System Classification for Multiple-Unit Containers and Unit-Dose Containers
for Liquid Oral Dosage Forms

The following procedure and classification scheme are provided to evaluate the moisture vapor
transmission characteristics of multiple-unit containers. The information gathered should be
used to make an informed judgment regarding the suitability of the packaging system for LODF.
[Note—Determine the weights of individual container–closure systems (bottle, inner seal, if
used, and closure) both as tare weights and fill weights, to the nearest 0.1 mg if the bottle
capacity is less than 200 mL; to the nearest mg if the bottle capacity is 200 mL or more but
less than 1000 mL; or to the nearest centigram (10 mg) if the bottle capacity is 1000 mL or
more.]

PROCEDURE
Select 12 bottles of a uniform size and type, and clean the sealing surfaces with a lint-free
cloth. Fit each bottle with a seal, closure liner (if applicable), and closure. Number each
container–closure system, and record the tare weight. 
Remove the closures and, using a pipet, fill 10 bottles with water to the fill capacity. Fill two
containers with glass beads, to the same weight as the filled test containers. If using screw
closures, apply a torque that is within the range specified in Table 2, and store the sealed

containers at a temperature of 25 ± 2  and a relative humidity of 40 ± 2%. After 336 ± 1 h (14
days), record the weight of the individual containers, and calculate the water weight loss rate,
in percent per year, for each bottle taken:

[(W1i  WT)  (W14i  WT)  (WC1  WC14)] 365 × 100/(W1i  WT)14

in which W1i is the initial weight of each individual bottle (i); WT is the tare weight; W14i is the

weight of each individual bottle (i) at 14 days; and (WC1  WC14) is the average weight change
of the controls from initial to 14 days.

Classification: The packaging system meets the requirements for tight if the percentage of
water weight loss does not exceed 2.5% per year in NMT 1 of the 10 test containers and does
not exceed 5.0% per year in any of them.

SPECTRAL TRANSMISSION

Apparatus8

Use a spectrophotometer of suitable sensitivity and accuracy, adapted for measuring the
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amount of light transmitted by plastic materials used for pharmaceutical containers. In addition,
the spectrophotometer is capable of measuring and recording light transmitted in diffused as
well as parallel rays.

Procedure

Select sections to represent the average wall thickness. Cut circular sections from two or more
areas of the container, and trim them as necessary to give segments of a size convenient for
mounting in the spectrophotometer. After cutting, wash and dry each specimen, taking care to
avoid scratching the surfaces. If the specimen is too small to cover the opening in the
specimen holder, mask the uncovered portion of the opening with opaque paper or masking
tape, provided that the length of the specimen is greater than that of the slit in the
spectrophotometer. Immediately before mounting in the specimen holder, wipe the specimen
with lens tissue. Mount the specimen with the aid of a tacky wax, or by other convenient
means, taking care to avoid leaving fingerprints or other marks on the surfaces through which
light must pass. Place the section in the spectrophotometer with its cylindrical axis parallel to
the plane of the slit and approximately centered with respect to the slit. When properly placed,
the light beam is normal to the surface of the section, and reflection losses are at a minimum. 
Continuously measure the transmittance of the section with reference to air in the spectral
region of interest with a recording instrument or at intervals of about 20 nm with a manual
instrument, in the region of 290–450 nm.

Limits

The observed spectral transmission does not exceed the limits given in Table 3 for containers
intended for parenteral use. The observed spectral transmission for plastic containers for
products intended for oral or topical administration does not exceed 10% at any wavelength in
the range 290–450 nm.

Table 3.

Nominal Size
(in mL)

Maximum Percentage of Spectral
Transmission at Any Wavelength

between 290 and 450 nm

1 50
2 45
5 40
10 35
20 30
50 15

[Note—Any container of a size intermediate to those listed above exhibits a spectral
transmission not greater than that of the next larger size container listed in Table 3. For
containers larger than 50 mL, the limits for 50 mL apply.]

1  Suitable 4- to 8-mesh, anhydrous calcium chloride is available commercially as Item JT1313-1 from VWR
International. Consult the VWR International catalog for ordering information or call 1-800-234-9300.

2  A suitable laminate for sealing has, as the container layer, polyethylene of not less than 0.025 mm (0.001
inch) and a second layer of aluminum foil of not less than 0.018 mm (0.0007 inch), with additional layers of

1S (USP37)
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suitable backing materials. A suitable seal can be obtained also by using glass plates and a sealing wax
consisting of 60% of refined amorphous wax and 40% of refined crystalline paraffin wax.

3  Suitable moisture-indicating desiccant pellets are available commercially from sources such as Medical
Packaging, Inc., 470 Route 31, Ringoes, NJ 08551-1409 [Telephone 800-257-5282; in NJ, 609-466-8991; FAX
609-466-3775], as Indicating Desiccant Pellets, Item No. TK-1002.

4  Accurate comparisons of Class A containers may require test periods in excess of 28 days if weighings are

performed on a Class A prescription balance (see Prescription Balances and Volumetric Apparatus 1176 ).
The use of an analytical balance on which weights can be recorded to 4 or 5 decimal places may permit more
precise characterization between containers and/or shorter test periods.

5  For further detail regarding apparatus and procedures, reference may be made to the following publications
of the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-
2959: “Standard Method of Test for Haze and Luminous Transmittance of Transparent Plastics,” ASTM Method
D1003-07; “Tentative Method of Test for Luminous Reflectance, Transmittance and Color of System”ASTM
Method E308-06.

 1  ASTM E96/E96M. Standard Test Methods for Water Vapor Transmission of Materials published by ASTM
International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-2959.

2  ASTM D7709. Standard Test Methods for Measuring Water Vapor Transmission Rate (WVTR) of
Pharmaceutical Bottles and Blisters published by ASTM International, 100 Barr Harbor Drive, P.O. Box C700,
West Conshohocken, PA 19428-2959.

3  Determination of water vapor transmission rate (WVTR) of HDPE bottles for pharmaceutical products. Chen,
Yisheng and Yanxia Li, International Journal of Pharmaceutics, 358 (2008) 137–143.

4  Suitable 4- to 8-mesh, anhydrous calcium chloride is available commercially as Item JT1313-1 from VWR
International (www.vwr.com; telephone 1-800-952-5000).

5  A suitable laminate for sealing has, as the container layer, polyethylene of NLT 0.025 mm (0.001 in) and a
second layer of aluminum foil of NLT 0.018 mm (0.0007 in), with additional layers of suitable backing materials.
A suitable seal can also be obtained by using glass plates and a sealing wax consisting of 60% of refined
amorphous wax and 40% of refined crystalline paraffin wax.

6  Suitable moisture-indicating desiccant pellets are available commercially from sources such as Unit Dose
Supply, P.O. Box 104, Ringoes, NJ 08551-0104 (www.unitdose.net; telephone 609-310-1456), as Indicating
Desiccant Pellets, Item No. TK-1002.

7  Accurate comparisons of Class A containers may require test periods in excess of 28 days if weighings are

performed on a Class A prescription balance (see Prescription Balances and Volumetric Apparatus 1176  ).
The use of an analytical balance on which weights can be recorded to 4 or 5 decimal places may permit more
precise characterization between containers and/or shorter test periods.

8 For further details regarding apparatus and procedures, reference may be made to the following publications
of ASTM International, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959: “Standard Test Method of
Test for Haze and Luminous Transmittance of Transparent Plastics”, ASTM Method D1003-11e1; “Standard
Practice for Computing the Colors of Objects by Using the C IE System”, ASTM Method E308-08. 

BRIEFING

787  Subvisible Particulate Matter in Therapeutic Protein Injections, On the basis of
comments received, this new general chapter that first appeared in PF 38(3) [May–June 2012]
was canceled and a new, revised version is now being proposed.

Particulate Matter in Injections 788  was designed to control subvisible particles for
small-molecule drug products that are delivered intravenously. The chapter outlines two
procedures, a light-obscuration (LO) method and a microscopic analysis method, of which the
former is preferred. The two procedures quantify particles in drug products, helping ensure
patient safety by preventing the acceptance of products that contain particles that may cause
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capillary occlusion.

Since general chapter 788  became official, the number of protein therapeutics has
increased markedly. Therapeutic protein manufacturers tend to use the LO method despite
several technical issues in using it for testing therapeutic proteins. Sample handling of protein
therapeutics is critical in obtaining reproducible subvisible particle measurements. These drug
products often are delivered as viscous, highly concentrated formulations that can trap air
bubbles if they are not handled properly when tested. These air bubbles result in artificially high
subvisible particle measurements. Proteins also can aggregate, or the protein particles may
break or agglomerate, thus resulting in artificially altered subvisible particle measurements. In

addition, the sonication procedure described in 788  for degassing is not appropriate for
biological samples, and degassing by letting the sample stand for 2 min is not always effective.

The large sample volumes required by the procedures in 788  also are an issue because
protein therapeutics typically are manufactured in small quantities, are delivered in small
volumes, are expensive, and early in development often are not available in the quantities

required for analysis by the procedures described in 788 . USP proposes this new general
chapter to address these issues.

The second chapter in development, Measurement of Subvisible Particulate Matter in

Therapeutic Protein Injections 1787 , will provide background literature, strategy, and
information regarding the strengths and weaknesses of specific methods that can be used to
further characterize the protein particle population(s) between 1 and 100 micrometers. The
goal is a comprehensive guidance for a broad array of analytical methods, one or more of which
may be more appropriate for enhanced or orthogonal characterization of therapeutic protein
products during development, root cause analysis for nonconformance investigations, stability
studies, etc. This includes methods that allow assessment of characteristics of the inherent
protein aggregates including morphology, conformation, reversibility/dissociation, and covalent
modification. Guidance on sample handling and preparation will be discussed in general terms.
The proposed chapter will appear in PF late in 2013.

(GCDF: D. Hunt.)
Correspondence Number—C125680

Comment deadline: May 31, 2013

Add the following:

787  SUBVISIBLE PARTICULATE MATTER IN THERAPEUTIC PROTEIN INJECTIONS

This chapter is provided as an alternative to USP general chapter Particulate Matter in

Injections 788 . The new chapter specifically addresses therapeutic protein injections and
related preparations, allowing use of smaller test product volumes and smaller test aliquots,
with sample-handling instructions that take into account the issues associated with the
analysis of these materials. Although the methodology and limits presented in this chapter are
preferred for therapeutic protein injections, the use of alternative analytical methods with
adequately developed subvisible particulate limits is acceptable. 
Therapeutic protein injections are biotechnology-derived products of protein or peptides as

defined in Biotechnology-Derived Articles 1045 ,1 and includes their infusion preparations as
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well as natural-source therapeutic protein injections. 
Particulate matter in therapeutic protein injections consists of mobile undissolved substances
that may originate from various sources. The particles may be (a)truly foreign, or “extrinsic”,
e.g., unexpected foreign material, such as cellulose; (b) “intrinsic” resulting from addition or by
insufficient cleaning during manufacturing, such as tank metals or gaskets, lubricants, filling
hardware, or resulting from instability, e.g., changes over time, such as insoluble drug salt
forms or package degradation; and (c) “inherent”, such as particles of the protein or
formulation components. All of these particle types may be detected and counted in the test
method described in this chapter. In addition, for light obscuration (LO) methods, gas bubbles
are commonly counted during particulate matter testing and are counting artifacts. For the
determination of subvisible particles in therapeutic protein injections, the Light Obscuration
Particle Count Test is the preferred method. The Microscopic Particle Count Test similar to that

described in 788  may be useful in cases where the particles being analyzed are primarily
nonproteinaceous, or in cases where examination of particle characteristics may be important.
The results from this test are not equivalent to those from the LO test. 
Not all therapeutic protein injections can be examined directly for subvisible particles by the LO
method. When the test method is not directly applicable to specific test samples, as indicated
by issues with method verification (reproducibility, linearity), a quantitative dilution with an
appropriate diluent can be made to allow analysis by light obscuration. Method verification may
be required to ensure the appropriateness of the sample handling procedures, the performance
of the method for each drug product, and the number of units tested. 
In the tests described below, the results obtained by examining a discrete unit or group of units
for particulate matter cannot be extrapolated with certainty to other units that remain
untested. Thus, sampling plans based on known operational factors must be developed to
support valid inferences from observed data in order to characterize the level of particulate
matter in a large group of units. Sampling plans should be based on considerations of product
volume, particle numbers historically found in comparison to limits, particle size distribution, and
variability of particle counts between units.

LIGHT OBSCURATION PARTICLE COUNT TEST

Analysts should use a suitable instrument that is based on the principle of light blockage and
that allows an automatic determination of particle size and number. 
The sensor selected must be appropriate for the intended particle size range and anticipated
particle count. Several standardization steps such as sample volume accuracy, sample flow
rate, sensor resolution, calibration, and particle count accuracy are important for the proper
operation of the apparatus and are further reviewed in general information chapter Methods for

the Determination of Particulate Matter in Injections and Ophthalmic Solutions 1788 .2 
Analysts should calibrate the apparatus using dispersions of spherical NIST-traceable particle
size standards. These standards generally are between 2 and 100 µm. Analysts should verify
the performance of the apparatus using the USP Particle Count Reference Standard dispersed in
particle-free water. Care must be taken to avoid agglomeration of particles during dispersion in
the calibration process. The definition for particle-free water is provided in the introductory
section of Reagents, Indicators, and Solutions.

General Precautions
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Carry out the test under conditions that limit ingress of particulate matter, preferably in a
laminar-flow cabinet. The glassware and equipment used should be properly cleaned and
handled to remain particle free. Care should be taken to minimize shaking and other stresses to
the preparations and to prevent introduction of air bubbles into the preparation under
examination. This is particularly important when preparations are combined or transferred to the
container in which the determination will be carried out.

Preparatory Steps

Glassware selected for the method should accommodate the volume of blank and sample
aliquots, allow easy mixing, and be amenable to repeated cleaning used to prevent any
significant contribution to particle counts. Typically, separate glassware is retained for this test
only. Cleaning and rinsing of the method glassware should be in close proximity to the counting
area. 
The work area and equipment should be separated from general lab traffic. A good supply of
filtered water (to comply with particle-free water) and support equipment should be maintained

and available for the routine work. Refer to general informtion chapter 1788 .2 
Two types of system blank controls are recommended: a Blank test and System Suitability
Blank verification.

1. The Blank test involves the following:
a. Run at the start of the day or analysis to ensure that proper care has been used

in preparing the site and apparatus for use (Environmental Blank).
b. Any additional procedural blanks run throughout the day (such as between

product families) should also comply with the blank test requirements
(Procedural Blank).

2. The System Suitability Verification is run to verify proper count/mL and ratio for the

current USP Particle Count Reference Standard. See general information chapter 1788
2.

Blank Test

In order to check that (a) the environment is suitable for the test, (b) the glassware is properly
cleaned, and (c) the water that will be used is particle free (b and c constitute the "blank"),
the following test is carried out. Determine the count in five aliquots of degassed particle-free
water or suitable solvent, representative of the product test volume (but not NLT 1 mL). If the
number of particles 10 µm or greater in size exceeds 1 particle per mL for the combined aliquot
volume, the precautions taken for the test are not sufficient. Repeat the preparatory steps
until the environment, glassware, and water are suitable for the test determination. The Blank
Test must be run initially each day (environment) and is recommended throughout the daily
routine, especially between product families (procedural).

System Suitability Verification

To verify system suitability, particle-free water and the USP Particle Count Reference Standard
dispersed in particle-free water are tested from the same or similar type of container as
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product samples, e.g., are degassed in the same manner, and generally are handled like the
test article. Ensure that the system can meet the Blank Test requirement. Determine the
particulate matter in a sample of the USP Particle Count Reference Standard that corresponds
to the product test volume, according to the method described below. Results from the
Standard preparation should fall within the stated specifications of the Reference Standard.

Method

Product samples are tested in the manner that most suitably represents delivery (e.g., expelled
syringe contents). For parenterals that have a sufficient volume (i.e., volume large enough to
facilitate testing), testing of individual units is preferred. For parenterals that do not have a
sufficient volume, mix thoroughly, and combine the contents of a suitable number of units in a
separate container to obtain the volume required for a single test (generally 0.2–5.0 mL). If a
dilution is performed, ensure that the blank container has sufficient volume for product and
diluent. When a dilution is performed, ensure that no particles are introduced. Open each unit
cautiously, remove the sealing closure, and avoid contamination of the contents before
sampling, diluting, or, if necessary, pooling. 
When a product solvent is specified, e.g., for lyophilized solids or powders for parenteral use,
the reconstitution or dilution must be performed with the appropriate amount of specified
solvent. In this case, the solvent itself must be tested to ensure that it is not a significant
source of particles. Subtraction of the solvent count from the total count is not allowed. 
Eliminating gas bubbles is a key step, especially for proteinaceous products that readily entrain
gas. Two methods are recommended: either allowing the product fluid to stand under ambient
pressure or applying a gentle (e.g., 75 Torr) vacuum. Sonication should be avoided. 
Once the samples have been degassed, they must be remixed gently to suspend all particles by
mixing the contents of the sample gently but thoroughly by an appropriate means, e.g., slow
swirling of the container by hand. Inversion to mix the product fluid is not recommended at any
time. 
Immediately after mixing, withdraw NLT four aliquots, each of a volume appropriate for the
instrument's capacity (generally 0.2–5.0 mL). Count the number of particles over the selected
size range, including particles equal to or greater than 10 and 25 µm. Disregard the result
obtained for the first aliquot, and calculate the mean number of particles of the remaining
aliquots for the preparation being tested. A tare volume also can be applied to control sampling
that should be representative of the sensor capability and needle volume. For further guidance,

see general information chapter 1787 .

General Considerations

Dilution should be used as a last resort and the smallest level of dilution that allows for
reproducible testing should be used. However, under certain circumstances dilution of samples
may be required to obtain reliable results. This may be the case with high-concentration
products and/or high-viscosity products that cannot be drawn into the instrument properly;
products that cause saturation of the instrument sensor due to high counts, especially in the
smaller than 10-µm size ranges; and cases where the high concentration results in very small
differences in refractive index between the solution and the protein aggregates, etc. In
situations where sample dilution is conducted, the underlying rationale for the dilution as well as
the suitability of the selected dilution scheme including choice of diluent must be demonstrated.
Suitability of the dilution scheme and of the diluent may be assessed by demonstrating
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consistency of results over a dilution range. Bridging studies with and without dilution at size
ranges intended for particle counting should be considered. Studies exploring the ability of
dilution to decrease the number of aggregates, or to increase particles due to changes in the
ratio of protein to excipients, should also be performed. An orthogonal technique may be used
to justify the suitability of the method by verifying the impact of dilution.

Evaluation

It is difficult to uniformly apply subvisible particulate limits given the variety and complexity of
biologic products and the complexity of subvisible particulates. Setting limits for biologics,
including biotechnology products, will depend upon the specific product and manufacturing
process and should take into account the available clinical safety and efficacy data, as well as
the dose and route of administration. Setting limits is most appropriately done on a case-by-
case basis during drug development and licensure. 

The values below are derived historically from general chapter 788  and should be considered
provisional until appropriate limits are specified in the approved regulatory application based on
considerations listed above. If these specifications are different from those stated below, they
will be indicated in an individual monograph where available. 
For biotherapeutic solutions for parenteral infusion or injection supplied in containers with a
nominal content of less than or equal to 100 mL:

The average number of particles present in the units tested should not exceed 6000 per
container equal to or greater than 10 µm and should not exceed 600 per container equal to or
greater than 25 µm.

For biotherapeutic solutions for parenteral infusion or injection supplied in containers with a
nominal content of more than 100 mL:

The average number of particles present in the units tested should not exceed 25/mL equal to
or greater than 10 µm and should not exceed 3/mL equal to or greater than 25 µm. Also, total
particle load should not exceed 6000 per load should not exceed 6000 per container equal to
or greater than 10 µm and should not exceed 600 per container equal to or greater than 25
µm.

Products that are used with a final filter during administration (in-line) are exempt from these
requirements. However, filtrates are expected to comply with the guideline.

MICROSCOPIC PARTICLE COUNT TEST

As noted, the LO method is the preferred method for therapeutic protein injections and
parenteral infusions. However, the microscopic method or alternative instrumental methods can
be used when appropriate, primarily when particle characteristics are important (e.g., for
classification of extrinsic or intrinsic particles versus inherent particles). The results of the
membrane microscopic method are limited to qualitative assessment only, specifically with
regard to inherent particle species. Particle types of obvious extrinsic or intrinsic nature may be

quantified by the membrane method. Refer to chapters 788  and 1788  for information
about test methodologies. For the determination of product acceptability, apply the limits for

the membrane microscopic test in general chapter 788 . Because of the interference of some
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protein particles and their physical characteristics (fragile or translucent), the results of the
Microscopic Particle Count Test are not equivalent to those of the Light Obscuration Particle
Count Test, and the two methods cannot be considered interchangeable. For further guidance,

see general information chapter 1787 .

1  For informational purposes only, analysts can refer to 1045 , which may be a helpful but not mandatory
resource.

2  For informational purposes only, analysts can refer to 1788 , which may be a helpful but not mandatory
resource.

BRIEFING

852  Atomic Absorption Spectroscopy, PF 37(5) [Sept.–Oct. 2011]. On the basis of
comments received, additional changes are proposed for this new general chapter.

(GCCA: H. Pappa.)
Correspondence Number—C111902; C111973; C112220; C112415; C112502; C112609;

C118761

Comment deadline: May 31, 2013

Add the following:

852  ATOMIC ABSORPTION SPECTROSCOPY

Change to read:

INTRODUCTION

Atomic absorption (AA) spectroscopy is an analytical method that supports qualification and/or
quantification of elements. In this use, the AA method supports procedures that measure the
absorbance of radiation at a characteristic wavelength by a vapor composed of ground state
atoms. A typical instrument consists of a primary energy source that produces the spectrum of
the element under examination, a monochromator, and a suitable detector. 
For discussion of the theory and principles of measurements, see Atomic Absorption

Spectroscopy—Theory and Practice 1852 ,
a resource that may be helpful but is not mandatory.

QUALIFICATION OF ATOMIC ABSORPTION SPECTROPHOTOMETERS

Qualification of an AA spectrophotometer can be divided into three elements: installation
qualification (IQ), operational qualification (OQ), and performance qualification (PQ); see also

the general information chapter Analytical Instrument Qualification 1058 .

Installation Qualification

The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
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Operational Qualification

In OQ, an instrument's performance is characterized using standards of known spectral
properties to verify that the system operates within target specifications (see Table 1 and
Table 2). The purpose of OQ is to demonstrate that instrument performance is suitable. OQ is a
check of the key operational parameters and should be performed following installation and
following repairs and/or maintenance. 
The OQ tests in the following sections are typical examples only. Other tests and samples can
be used to establish specifications for OQ. Instrument vendors often have samples and test
parameters available as part of the IQ/OQ package.

Table 1. OQ Test and Acceptance Criteria for Flame AAS

Test Procedure Acceptance
Criteria

Sensitivity Aspirate a 0.3-µg/mL Zn standard and record the absorbance. ±20% of AUa

specified by
instrument
manufacturer

Linearity Aspirate blank, 0.05-, 0.075-, 0.10-, 0.25-, and 0.50-µg/mL Zn
standards. Generate calibration curve and record correlation
coefficient (R).

Correlation
coefficient
NLT 0.995

Precision Assay 5 separate replicates of the 0.10-µg/mL Zn standard
versus the standard curve generated for the Linearity test.
Calculate the %RSD of the 5 results in µg/mL.

%RSDb <5%

a  AU = absorption unit.
b  %RSD = % relative standard deviation.

Table 2. OQ Test and Acceptance Criteria for Graphite Furnace AAS

Test Procedure Acceptance Criteria

Sensitivity Prepare a Cu standard and measure characteristic
mass as described by the manufacturer.

±20% of Cu characteristic
mass as specified by the
manufacturer

Linearity Generate a calibration curve from a blank, 25-, 
50-, 75-, and 100-µg/L Cu standards. Inject each
standard in triplicate and record the %RSD.

Correlation coefficient
NLT 0.995
%RSD of triplicate injections
of each Cu standard <5%
(not including the blank)

Precision Assay 5 separate replicates of the 50-µg/L Cu
standard versus the standard curve generated for the
Linearity test. Inject each replicate in triplicate.

%RSD of 5 replicates <5%
%RSD of triplicate injections
<5%

Performance Qualification

PQ determines that the instrument is capable of meeting the user's requirements for all the
parameters that may affect the quality of the measurement. 
Depending on typical use, the specifications for PQ may be different from the manufacturer's
specifications. For validated methods, specific PQ tests, also known as system suitability tests,
can be used in lieu of PQ requirements. 
Specific procedures, acceptance criteria, and time intervals for characterizing AA
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spectrophotometer performance depend on the instrument and intended application.
Demonstrating stable instrument performance over extended periods of time provides some
assurance that reliable measurements can be taken from test sample spectra using validated
AA procedures.

Change to read:

PROCEDURE

The analyst should evaluate the selection of the type, material of construction, pretreatment,
and cleaning of analytical labware used in AA analyses. The material must be inert and,
depending on the specific application, resistant to caustics, acids, and/or organic solvents. For
some analyses, diligence must be exercised to prevent the adsorption of analytes onto the
surface of a vessel, particularly in ultra-trace analyses. Contamination of the sample solutions
from metal and ions present in the container also can lead to inaccurate results. 
For the analysis of a ubiquitous element, it is often necessary to use the purist grade of
reagent or solvent available. Check all solutions (diluents, matrix modifier solutions, ionization
suppression solutions, reactants, etc.) for elemental contamination before they are used in an
analysis.

Sample Solution

Prepare as directed in the individual monograph. 
A variety of digestion techniques may be indicated in order to dissolve the sample. These
include hot-plate and microwave-assisted digestions, including open-vessel and closed-vessel
approaches. Note that open-vessel digestion generally is not recommended for the analysis of
volatile metals, e.g., selenium and mercury.

Standard Solution

Prepare as directed in the individual monograph. [Note—Commercially available single- or multi-
element standard solutions, traceable to the National Institute of Standards and Technology or
to an equivalent national metrology organization, can be used in the preparation of standard
solutions.] Standard solutions, especially those used for ultra-trace analyses, may have limited
shelf life. Standard solutions should be retained for no more than 24 h unless stability is
demonstrated experimentally. 
The method of standard additions also can be employed. This method involves adding a known
concentration of the analyte element to the sample at no fewer than two concentration levels
and comparison against an unspiked sample preparation. The instrument response is plotted
against the concentration of the added analyte element, and a linear regression line is drawn
through the data points. The absolute value of the x-intercept multiplied by any dilution factor
is the concentration of the analyte in the sample.

Analysis

Follow the procedure as directed in the individual monograph for the instrumental parameters. 
The instrument must be standardized for quantification at time of use. The absorbance of
standard solutions that bracket the expected range of the analyte
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target
concentration are determined against an appropriate blank, and the detector response is
plotted as a function of analyte concentration. When an analysis is performed at or near the
detection limit, the analyst cannot always use a bracketing standard. This is acceptable for
qualitative but not quantitative tests. Regression analysis of the standard plot should be
employed to evaluate the linearity of detector response, and individual monographs may set
criteria for the residual error of the regression line. 
To demonstrate the stability of the system's initial standardization, the analyst must reassay a
solution used in the initial standard curve as a check standard at appropriate intervals
throughout the analysis of the sample set. Unless otherwise indicated in the individual
monograph, the reassayed standard should agree with its expected value to within ±2% for
assay or ±20% for an impurity analysis. 
Sample concentrations are calculated versus the working curve generated by plotting the
detector response versus the concentration of the analyte in the standard solutions.

Change to read:

VALIDATION AND VERIFICATION

Validation

Validation is required when an AA method is intended for use as an alternative to the official
procedure for testing an official article. 
The objective of an AA procedure validation is to demonstrate that the measurement is suitable
for its intended purpose, including quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). [Note—For definition of

different categories, see Validation of Pharmacopeial Procedures 1225 .] Depending on the
category of the test, analytical procedure validation for AA requires the testing of linearity,
range, accuracy, specificity, precision, detection limit, quantitation limit, and robustness. These
analytical performance characteristics apply to externally standardized methods and to the
method of standard additions. 

The chapter Validation of Pharmacopeial Procedures 1225  provides definitions and general
guidance on analytical procedures validation without indicating specific validation criteria for
each characteristic. The intention of the following sections is to provide the user with specific
validation criteria that represent the minimum expectations for this technology. For each
particular application, tighter criteria may be needed in order to demonstrate suitability for the
intended use.

ACCURACY

For Category I assays or Category II tests, accuracy can be determined by conducting
recovery studies with the appropriate matrix spiked with known concentrations of elements. It
is also an acceptable practice to compare assay results obtained using the AA procedure under
validation to those of an established, analytical procedure.
In standard addition methods, accuracy assessments are based on the final intercept

concentration, not the recovery calculated from the individual standard additions.

Validation criteria: 98%–102% recovery for drug substances and drug product assay and
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70%–150% recovery for impurity analysis.
98.0%–102.0% recovery for drug substance assay, 95.0%–105.0% recovery for drug product

assay, and 70.0%–150.0% recovery for impurity analysis.
These criteria should be met throughout the intended range.

Precision

REPEATABILITY

The analytical procedure should be assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration. These
acceptance criteria should be met throughout the intended range and thus may require
additional experiments than needed to satisfy the minimum requirement.
Alternatively three replicates of three separate sample solutions at different concentrations

can be used. The three concentrations should be close enough that the repeatability is
constant across the concentration range. If this is done, the repeatability at the three
concentrations is pooled for comparison to the acceptance criteria. If validating a procedure by
the method of standard additions, the precision criterion applies to the final experimental result,
not the accuracy of the individual standard addition levels.

Validation criteria: The relative standard deviation is NMT 2% for drug substance or drug
product assay and NMT 20% for impurity analysis.
The relative standard deviation is NMT 2.0% for drug substance assay, NMT 3.0% for drug

product assay, and NMT 20% for impurity analysis.

INTERMEDIATE PRECISION

The effect of random events on the analytical precision of the procedure should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, or having the method performed by two or more analysts. As a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision. (For example, this could be two analysts on each of three days, or
two analysts on two sets of equipment on two days for each analyst-equipment combination.)

Validation criteria: The relative standard deviation is NMT 3% for drug substance or drug
product assay and NMT 25% for impurity analysis.
The relative standard deviation is NMT 2.0% for drug substance assay, NMT 3.0% for drug

product assay, and NMT 25.0% for impurity analysis.

SPECIFICITY

The procedure must be able to unequivocally assess each analyte element in the presence of
components that may be expected to be present, including any matrix components.

Validation criteria: Demonstrated by meeting the accuracy requirement.

QUANTITATION LIMIT

The limit of quantitation (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10.
The limit of quantitation (QL) can be estimated by calculating the standard deviation of NLT 6
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replicate measurements of a blank solution, divided by the slope of a standard curve, and
multiplying by 10. If validating a procedure using the method of standard additions, the slope of
standards applied to a solution of the test material should be used.

Other suitable approaches can be used (see Validation of Pharmacopeial Procedures 1225 ). 
A measurement of a test solution prepared from a representative sample matrix spiked at the
estimated QL concentration must be performed to confirm accuracy.
If validating a procedure using the method of standard additions, the validation criterion

applies to the final experimental result, not the spike recovery of the individual standard
addition levels.

Validation criteria: For the estimated QL to be considered valid, the measured concentration
must be within 70%–150% of the spike concentration.
The analytical procedure should be capable of determining the analyte precisely and

accurately at a level equivalent to 50% of the specification.

LINEARITY

A linear relationship between the analyte concentration and AA response should be
demonstrated by preparing no fewer than 5 standard solutions at concentrations encompassing
the anticipated concentration of the test solution. The standard curve should then be
evaluated using appropriate statistical methods such as a least-squares regression. 
For experiments that do not yield a linear relationship between analyte concentration and AA
response, appropriate statistical methods must be applied to describe the analytical response.

Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II, quantitative tests. The percent error of each calibration point must be NMT 5%
for Category I assays and NMT 15% for Category II, quantitative tests.

RANGE

Range is the interval between the upper and lower concentrations (amounts) of analyte in the
sample (including these concentrations) for which it has been demonstrated that the analytical
procedure has a suitable level of precision, accuracy, and linearity. Range is demonstrated by
meeting the linearity,
precision,

and accuracy requirements.

Validation criteria: For Category I procedures, the range requirements are from 10% below
the lower limit of the acceptance criterion to 10% above the upper limit of the acceptance
criterion. For Category II, the range requirements are 50%–120% of the acceptance criterion.
For Category I tests the validation range for 100.0% centered acceptance criteria is 80.0%–

120.0%. For noncentered acceptance criteria the validation range is 10.0% below the lower
limit to 10.0% above the upper limit. For content uniformity the validation range is 70.0%–
130.0%. For Category II tests the validation range covers 50.0%–120.0% of the acceptance
criteria.

ROBUSTNESS

The reliability of an analytical measurement should be demonstrated by means of deliberate
changes to experimental parameters.
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Validation criteria: The measurement of a standard or sample response following the change
in experimental parameters must differ from the same standard measured using established
parameters by NMT ±5% for a drug product assay and NMT ±20% for an impurity analysis.

The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For AA this can include but is not limited to sample preparation steps
and heating programs, including atomization hold time or atomization temperature. Exercise
caution when changing fuel and oxidant gas flows and burner hardware, as this could
potentially create a flash-back condition.

Verification

U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of the analytical procedures, as described in USP–NF, are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use. 
The objective of an AA procedure verification is to demonstrate that the procedure, as
prescribed in a specific monograph, can be executed by the user with suitable accuracy,
specificity, and precision using the instruments, analysts, and sample matrices available.

According to Verification of Compendial Procedures 1226 , if the verification of the
compendial procedure by following the monograph is not successful, the procedure may not be
suitable for use with the article under test. It may be necessary to develop and validate an
alternative procedure as allowed in General Notices 6.30. 
Verification of compendial AA methods should, at a minimum, include the execution of the
validation parameters for specificity, accuracy, precision, and limit of quantitation, when
appropriate, as indicated under Validation.

BRIEFING

854  Mid-Infrared Spectroscopy, PF 37(5) [Sept.–Oct. 2011]. On the basis of
comments received, additional changes are proposed for this new general information chapter.

(GCCA: H. Pappa.)
Correspondence Number—C111973; C112221; C112366; C112417; C112418; C112502;

C112770

Comment deadline: May 31, 2013

Add the following:

854  MID-INFRARED SPECTROSCOPY

Change to read:

INTRODUCTION

Mid-infrared (mid-IR) spectroscopy is an instrumental method used in monograph procedures.
The method involves measurement of the absorption of electromagnetic radiation with
wavelengths
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over the wavenumber range

between 4000 and 400 cm 1 (2.5 and 25 µm) caused by the promotion of molecules from the
ground state of their vibrational modes to an excited vibrational state. Unless otherwise
specified in a monograph,
or other validated procedure

the region from 3800 to 650 cm 1 (2.6 to 15 µm) should be used to ensure compliance with
monograph specifications for IR absorption. 
Vibrational modes involve the motion of all atoms of the molecule. When molecules contain a
certain functional group, the transitions often occur in narrow spectral ranges. In this case, the
wavenumbers at which these transitions occur are known as group frequencies. When a
vibrational mode involves atomic motions of more than just a few atoms, the frequencies occur
over wider spectral ranges and are not characteristic of a particular functional group but are
more characteristic of the molecules as a whole. Such bands are known as fingerprint bands. All

strong bands that absorb at wavenumbers above 1500 cm 1 are group frequencies. Strong

bands that absorb below 1500 cm 1 can be either group frequencies or fingerprint bands. 
For discussion of the theory and principles of measurements, see Mid-Infrared Spectroscopy—

Theory and Practice 1854
which may be a helpful, but not mandatory, resource.

Change to read:

QUALIFICATION OF IR SPECTROPHOTOMETERS

Qualification of mid-IR spectrometers is divided into three components: Installation Qualification
(IQ); Operational Qualification (OQ); and Performance Qualification (PQ). For further

discussion, see the general information chapter Analytical Instrument Qualification 1058 .

Installation Qualification

The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.

Operational Qualification

Because essentially all mid-IR spectra are measured with Fourier-transform IR (FT-IR)
spectrometers, only these instruments will be discussed. [Note—No recommended values for
signal-to-noise ratio or 100% line stability are included in this chapter because these vary with
manufacturer, model, and age of the instrument.]

WAVENUMBER ACCURACY

The most commonly used wavenumber standard for IR spectrometry is an approximately 35-µm-
thick, matte polystyrene film. The spectrum of such a film has several sharp bands of which the
most frequently used is located at 1601.4
about 1601.2
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cm 1. The wavenumber of maximum response of the chosen band can be measured using the
center-of-gravity, polynomial spline procedure, or other peak-picking algorithms. The

acceptable tolerance for the measured wavenumber is ±1.0 cm 1.

PHOTOMETRIC ACCURACY

There is no good way of measuring the absolute photometric accuracy of an FT-IR
spectrometer. A good way to test the accuracy of the instrument’s zero-energy level is to
check the region of the single-beam spectrum below the detector cut-off between 200 and 300
cm-1 when a deuterated triglycine sulfate (DTGS) detector is used and between 400 and 300
cm-1 when a mercury cadmium telluride (MCT) detector is used. The average value of the
single-beam spectrum in this region should be less than 1000 times the maximum value of the
signal in the single-beam spectrum. This criterion is usually met when a DTGS detector is used
but is rarely met with an MCT detector.

SENSITIVITY

The sensitivity of the instrument can be determined by measuring two single-beam spectra
under exactly the same conditions and calculating their ratio to produce what is commonly
known as a 100% line. The noise level in different spectral regions can be estimated either as
the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the
percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise,
i.e., the standard deviation of the spectrum in that region. The RMS noise level is the preferred
metric because this calculation involves all the data in the selected region rather than just the
two most deviant points. Typical measurement conditions to test the sensitivity of an FT-IR
spectrometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm-1,
and Norton-Beer medium apodization. The most commonly used spectral region is 2200–2000
cm-1 because (a) this is where the performance of most mid-IR spectrometers is highest and
(b) no common atmospheric interferent such as H2O or CO2 absorbs strongly in this region.
However, other regions should be tested close to the ends of the spectrum, such as 650–450
cm-1 and 4000–3800 cm-1. The signal-to-noise ratio (SNR) of the spectrometer operating with
certain parameters in a given spectral region is estimated as 100/(RMS noise level in percent
transmission).

STABILITY

The short- and long-term stability of the instrument also can be estimated from the deviation
of the 100% line from 100% T (where T stands for transmittance) at the short wavelength
(high wavenumber) end of the spectrum. Short-term stability is estimated by measuring the
two single-beam spectra a few minutes apart and calculating the 100% line. The long-term
stability is measured by increasing the time between the two measurements to several hours.

SIGNAL AVERAGING

The SNR should increase with the square root of the number of co-added scans. To test the
signal-averaging capability, measure the SNR with the following numbers of scans: N = 1, 4, 16,

64, 256, 1024, and 4096. A plot of SNR vs. N is linear if the instrument is correctly averaging
signals. An alternative means of testing this is to plot log SNR vs. log N. This plot should be
linear with a slope of 2.00.
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Performance Qualification

The purpose of performance qualification (PQ) is to determine that the instrument is capable of
meeting the user's requirements for all the parameters that may affect the quality of the
measurement.

Change to read:

PROCEDURE

Mid-IR spectra can be measured by transmission, external reflection, internal reflection (often
called attenuated total reflection), diffuse reflection, and photoacoustic spectroscopy.
Different sample preparation techniques are available for these options. The most common
sample preparation techniques are presented below.

KBr Discs

Certain powdered alkali halides such as KBr, KCl, and Csl coalesce under high pressure and can
be formed into self-supporting disks that are transparent to mid-IR radiation. The alkali halide
most commonly used is powdered, dry, highly pure KBr, which is transparent to mid-IR radiation

to about 400 cm 1. 
Commercial presses and dies in a range of diameters are available for the preparation of alkali-
halide and similar disks.

Mineral Oil Mulls

A typical procedure to prepare a mull is to place 10–20 mg of the sample into an agate or
mullite mortar and then to grind the sample to a fine particle size powder using a vigorous
rotary motion of the pestle. A small drop of the mulling agent is added to the mortar. Rotary
motion of the pestle is used to mix the components into a uniform paste, which is transferred
to the center of a clean IR-transparent window (e.g., KBr, NaCl, AgBr, or Csl). A second
matching window is placed on top of the mull, and the mull is squeezed to form a thin
translucent film that is free from bubbles. 
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil
(liquid paraffin, Nujol).

Compression Cells

A compression cell is useful when measuring a small or limited-quantity solid sample such as a
single particle of an active pharmaceutical ingredient (API) or excipient, a contaminant such as
a short length of fiber, or a small fragment from a packaging material. This is particularly the
case for investigations using an IR microscope system.

When using a compression cell, the sample is placed between the windows of the cell, the cell
is then tightened, and the sample thickness is reduced to an optimum for a transmission
measurement. Because of the high strength of diamond, it is commonly used as the window
material of compression cells.
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Self-Supported Polymer Films

The mid-IR transmission spectrum of many polymers used as packaging materials is at times
recorded from samples prepared as thin self-supporting films using hot compression molding or
microtoming.

Capillary Films

Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to mid-IR radiation. The liquid layer must be free of
bubbles and must completely cover the diameter of the IR beam focused on the sample.

Liquids and Solutions in Transmission Cells

For the examination of liquid and solution samples, transmission cell assemblies that comprise a
window pair, spacer, filling ports, and a holder are available commercially in both macro- and
micro-sample configurations. 
For laboratory applications, spacers typically are formed from lead, poly(tetrafluoroethylene), or
poly(ethylene terephthalate) and can be supplied, depending on spacer materials, in standard
thickness path lengths from approximately 6 µm to 1 mm or larger.

Gases

Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10 cm long cylinder made from borosilicate glass
or stainless steel with an approximately 40-mm aperture at each end. Each open end is covered
with an end cap that contains one of a pair of mid-IR–transparent windows constructed from,
e.g., KBr, ZnSe, or CaF2.

Attenuated Total Reflection

Attenuated total reflectance spectroscopy relies on the optical phenomenon of radiation
passing through a medium of high refractive index at a certain angle of incidence entirely
reflected internally at a boundary in contact with a material of lower refractive index. The
medium of high refractive index is also known as the internal reflection element (IRE). 
The sample under examination should be placed in close contact with the IRE such as diamond,
germanium, ZnSe, or another suitable material of high refractive index. Ensure close and uniform
contact between the substance and the whole crystal surface by applying pressure or by
dissolving the substance in an appropriate solvent and then covering the IRE with the solution
and evaporating to dryness.

Diffuse Reflection

The most important and commonly used form of sample preparation for diffuse reflection is to
dilute the sample by intimately mixing it with 90%–99% of non-absorbing diluents such as finely
powdered KBr or KCl. The sample dilution has the added benefit of reducing absorption band
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intensities to an appropriate level.

Microscope Sampling

Coupling a light microscope with a mid-IR spectrometer allows spectra to be obtained from very
small samples. Generally applied in transmittance or reflectance modes, it provides, for example,
a powerful tool for obtaining spectroscopic data of contaminants in pharmaceutical samples.

Change to read:

VALIDATION AND VERIFICATION

Validation

Validation is required when an IR method is intended for use as an alternative to the official
procedure for testing an official article. 
The objective of an IR method validation is to demonstrate that the measurement is suitable for
its intended purpose, including: quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV; see Table 2 in Validation of

Pharmacopeial Procedures 1225 ). Depending on the category of the test, the analytical
procedure validation process for IR requires the testing of linearity, range, accuracy,
specificity, precision, detection limit, quantitation limit, and robustness. If the IR method results
from a chemometrics model calculated against the response of another analytical technology

(e.g., HPLC), then the principles of Near-Infrared Spectroscopy 1119 , specifically the
Method Validation section, can be applied. 

Chapter 1225  provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The following sections are
intended to provide the user with specific validation criteria that represent the minimum
expectations for this technology. For each particular application, tighter criteria may be needed
in order to demonstrate suitability for the intended use.

ACCURACY

For Category I and II procedures, accuracy can be determined by conducting recovery studies
with the appropriate matrix spiked with known concentrations of the analyte. It also is an
acceptable practice to compare assay results obtained using the validated IR method
IR procedure under validation

with those obtained from an established alternative analytical method.

Validation criteria: 98%–102% recovery for drug substances and drug product assay and
70%–150% recovery for impurity analysis
98.0%–102.0% recovery for drug substances, 95.0%–105.0% recovery for drug product assay

and 70.0%–150.0% recovery for impurity analysis.
These criteria should be met throughout the intended range.

PRECISION

Repeatability 
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The analytical method
procedure

should be assessed by measuring the concentrations of 6 independently prepared samples
preparations at 100% of the assay test concentration.
Alternatively it can be based on measurements of 3 replicates of 3 separate sample solutions

at different concentrations. The three concentrations should be close enough so that the
repeatability is constant across the concentration range. If this is done, the repeatability at
the three concentrations is pooled for comparison to the acceptance criteria.

Validation criteria: Relative standard deviation of NMT 2% for Category I procedures and NMT
20% for Category II procedures
Relative standard deviation of NMT 1.0% for drug substance, NMT 2.0% for drug product and

NMT 20.0% for impurity analysis.

Intermediate precision 
Analysts should test the effect on analytical precision of changes in variables such as
performing the analysis on different days, using different instrumentation, or having the method
performed by two or more analysts. As a minimum, any combination of at least two of these
factors totaling 6 experiments will provide an estimation of intermediate precision.

Validation criteria: Relative standard deviation NMT 3% for Category I procedures and NMT
25% for Category II procedures
The relative standard deviation is NMT 1.0% for drug substance, NMT 3.0% for drug product

assay and NMT 25.0% for impurity analysis.

SPECIFICITY

For Category IV tests, the identity of the analyte should be ensured. Regarding Category I and
II procedures, the accuracy requirement also demonstrates specificity for the targeted
analytes.

QUANTITATION LIMIT

The quantitation limit can be estimated by calculating the standard deviation of NLT 6 replicate
measurements of a blank preparation
divided by the slope of the calibration line

and multiplying by 10. Other suitable approaches can be used (see 1225 ). A measurement
of a representative sample matrix spiked at the estimated quantitation limit concentration must
be performed to confirm accuracy.

Validation criteria: For the estimated quantitation limit to be considered valid, the measured
concentration must be accurate and precise at a level equal or less than 50% of the
specification.

LINEARITY

A linear relationship between the analyte concentration and the IR spectral response should be
demonstrated by preparing not less than 5 standard preparations at concentrations
encompassing the anticipated concentration of the test preparation. The standard curve should
then be evaluated using appropriate statistical methods such as a least squares regression. For
experiments that do not have a linear relationship between analyte concentration and IR
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spectral response, appropriate statistical methods should be applied to describe the analytical
response.

Validation criteria: Correlation coefficient (R), NLT 0.995 for Category I assays and NLT 0.99
for Category II quantitative tests. The percent error of each calibration point must be NMT 5%
for Category I assays and NMT 15% for Category II quantitative tests.

RANGE

This parameter is demonstrated by meeting linearity, precision, and accuracy requirements.

Validation criteria: For Category I procedures, the range requirements are 80%–120% of the
target test concentration. For Category II, the range requirements are 50%–120% of the
acceptance criterion.
For Category I tests, the validation range for 100.0% centered acceptance criteria is 80.0%–

120.0%. For non-centered acceptance criteria, the validation range is 10.0% below the lower
limit to 10.0% above the upper limit. For content uniformity, the validation range is 70.0%–
130.0%. For Category II tests, the validation range covers 50.0%–120.0% of the acceptance
criteria.

ROBUSTNESS

The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For mid-IR this can include
but not limited to

changes in sample preparation procedure or changes in hardware settings.

Validation criteria: The measurement of a standard response following the change in
experimental parameters must differ from the standard measured using established parameters
by NMT 5% for a Category I procedure and NMT 20% for a Category II procedure.

Verification

U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use. 
The objective of an IR procedure verification is to demonstrate that the method, as prescribed
in specific monographs, is being executed with suitable accuracy, sensitivity, and precision.

Verification of Compendial Procedures 1226  notes that if the verification of the compendial
procedure, according to the monograph, is not successful, the procedure may not be suitable
for use with the article under test. It may be necessary to develop and validate an alternative
procedure as allowed in General Notices 6.30. 
Although complete revalidation of a compendial procedure is not required, verification of the
compendial Mid-IR procedure should at minimum include the execution of the validation
parameters for specificity, accuracy, precision, and quantitation limit when appropriate
include the execution of certain validation parameters. When the method being verified is for

identification purposes, specificity is the only parameter required; for quantitative applications,
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additional validation parameters should be studied as appropriate such as accuracy, precision
and quantitation limit,
as indicated under Validation.

BRIEFING

857  Ultraviolet-Visible Spectroscopy, PF 37(5) [Sept.–Oct. 2011]. Based on
comments received, additional changes are proposed for this new general test chapter.

(GCCA: H. Pappa.)
Correspondence Number—C111157; C112418; C112416; C111973; C112503; C112223;

C111844; C112502; C112504; C112608

Comment deadline: May 31, 2013

Add the following:

857  ULTRAVIOLET-VISIBLE SPECTROSCOPY

Change to read:

INTRODUCTION

UV-visible (UV-Vis) spectra are derived when the interaction between incident radiation and
the electron cloud in a chromophore results in an electronic transition involving the promotion
of one or more of the outer or the bonding electrons from a ground state into a state of higher
energy. The UV and visible spectral bands of substances generally are broad and do not
possess a high degree of specificity for compound identification. Nevertheless, they are suitable
for quantitative assays and, for many substances, are useful as an additional means of
identification. 

The absorbance (A ) of a solution at given wavelength, , is defined as the logarithm to base
10 of the reciprocal of the transmittance (T ):

I  = intensity of the transmitted radiation at the same wavelength  

I 0 = intensity of the incident radiation at wavelength 

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

A  = cb

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

which represents the specific absorbance of a dissolved substance, refers to the absorbance of
a 10-g/L solution in a 1-cm cell measured at a defined wavelength so that:

M = molar concentration of solution

When solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen per
mL often will produce absorbances of 0.2–0.8 in the UV or the visible region. 
For discussion of the theory and principles of measurements, see Ultraviolet-Visible

Spectroscopy—Theory and Practice 1857 ,
a general information chapter that is not a mandatory resource.

Change to read:

QUALIFICATION OF UV-VIS SPECTROPHOTOMETERS

The suitability of a specific instrument for a given procedure is ensured by a stepwise life cycle
evaluation for the desired application from selection to instrument retirement: design
qualification (DQ); installation qualification (IQ); an initial performance-to-specification
qualification, also known as operational qualification (OQ); and an ongoing performance

qualification (PQ). For more details, see Analytical Instrument Qualification 1058 . 
The purpose of this chapter is to provide test methodologies and acceptance criteria to ensure
that the instrument is suitable for its intended use (OQ), and that it will continue to function
properly over extended time periods as part of PQ. As with any spectrometric device, a UV-Vis
spectrophotometer must be qualified for both wavelength (x-axis) and photometric (y-axis, or
signal axis) accuracy and precision, and the fundamental parameters of stray light and
resolution must be established. OQ should be carried out across the operational ranges required
within the laboratory for both the absorbance and wavelength scales.

Installation Qualification

The IQ requirements provide evidence that the hardware and software are properly installed in
the desired location.
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Operational Qualification

Acceptance criteria for critical instrument parameters that establish “fitness for purpose” are
verified during IQ and OQ. Specifications for particular instruments and applications can vary
depending on the analytical procedure used and the desired accuracy of the final result. 
Wherever possible in the procedures detailed as follows, analysts should employ certified
reference materials (CRMs) in preference to laboratory-prepared solutions. CRMs obtained from
a recognized accredited source include independently verified traceable value assignments with
associated calculated uncertainty.

Control of Wavelengths

Ensure that the accuracy of the wavelength axis (x-axis) over the intended operational range
is correct within acceptable limits. 
The acceptable limits in the UV are 200–400 nm, and the wavelength accuracy must be ±1 nm.
In the visible region the acceptance limits are 400–700 nm with ±2 nm accuracy. Analysts can
verify the wavelength scale accuracy using one or more of the following procedures:
In the UV region from 200 to 400 nm, the wavelength accuracy must be ±1 nm. In the visible

region from 400 to 700 nm the wavelength accuracy must be ±2 nm.

ATOMIC LINE SPECTRA

This procedure is described as the primary application because the emission lines produced from
a discharge lamp are characteristic of the source element and, as a fundamental physical
standard, these wavelengths have been measured with an uncertainty of NMT ±0.01 nm. In
solution spectrometry the wavelength accuracy required rarely exceeds 0.5 nm. For these
reasons, the atomic line standard values are cited without uncertainty. The lamp should be
placed at the source position in the spectrophotometer; thus, it can be used only in
spectrophotometers that can be operated in a single-beam intensity mode. 
A commonly employed low-pressure mercury lamp has a number of intense lines that cover a
large part of the UV and visible spectra. Two deuterium lines from the source at 486.0 and
656.1 nm often are used by manufacturers as an internal calibration check and can be used for
diagnostic purposes (Table 1).1

Table 1. Recommended Atomic Lines from Low-Pressure Mercury and Deuterium Lamps
for Wavelength Calibration Purposes

Element nm

Hg 253.7
Hg 296.7
Hg 365.0
Hg 404.7
Hg 435.8
D2 486.0

Hg 546.1
Hg 577.0
Hg 579.1
D2 656.1
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RARE EARTH OXIDE SOLUTIONS

This procedure uses solutions of rare earth oxides prepared by dissolution in acid media. The
most frequently used is holmium oxide in perchloric acid. Suitable
Holmium Oxide solution has been internationally accepted as an intrinsic wavelength standard,

and suitable
CRMs are available commercially.2 Analysts should determine the observed peak maxima by
using the normal scan mode on the spectrophotometer. The peak maxima for a 4% m/m solution
of holmium oxide in perchloric acid at 1.0-nm spectral bandwidth and a path length of 1 cm are
shown in Table 2.3

Table 2. Recommended Peak Maxima from a 4% Solution of Holmium Oxide in Perchloric
Acid for Wavelength Calibration Purposes

nm

241.1
249.9
278.1

287.2
333.5
345.4
361.3
345.4
385.6

416.3
451.4
467.8
485.2
536.6
640.5

If the operational range of the spectrophotometer lies outside the range from 240 to 650 nm,
other certified rare earth oxides or other solutions can be used if they are traceable to a
national or international standard. Didymium (a mixture of neodymium and praseodymium) is
available as a traceable standard both in solution and as a glass. Didymium is similar in
preparation to the holmium materials and has useful peak characteristics in the 730–870 nm
region. Useful peaks are found
in the didymium solution

at approximately 731.6, 740.0, 794.1, 799.0, and 864.4 nm.

RARE EARTH GLASSES

This procedure uses glasses manufactured by fusing the appropriate rare earth oxide in a base
glass matrix. The most frequently used is holmium, for which the reference wavelengths have
been well defined. Although manufacturing can cause batch variation in these glasses,
traceable CRMs are commercially available and can be used. Typical values for a holmium glass
using a 1.0-nm spectral bandwidth are the following: 241.5, 279.2, 287.5, 333.8, 360.9, 418.8,
445.8, 453.7, 460.2, 536.5, and 637.7 nm. Wavelength precision should be determined over the
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operational range using at least six replicate measurements. The standard deviation should not
exceed ±0.5 nm.

Control of Absorbance

To establish the transmittance accuracy and linearity of a given system, analysts should verify
the absorbance accuracy of a system by using the following procedures as appropriate for the
wavelength range required. The acceptance criteria are ±1%A or ±0.005A, whichever is larger.

ACIDIC POTASSIUM DICHROMATE SOLUTIONS IN 0.001 M PERCHLORIC ACID

In the 0–200 mg/L range, potassium dichromate solutions provide reference values of up to 3
absorbance units at one of the certified values of 235, 257, 313, or 350 nm. These solutions
are available as CRMs or can be prepared according to NIST from SRM 935a.
Absorbance accuracy should be determined as the average of at least six replicate

measurements over the operational range. The acceptance criteria are ±1%A or ±0.010A,
whichever is larger.

NEUTRAL-DENSITY GLASS FILTERS

These gray glass filters are manufactured from doped glass and have a nominally flat spectrum
in the region of the calibration wavelengths. They provide reference values of up to 3
absorbance units at the certified values of 440, 465, 546.1, 590, and 635 nm. These filters are
available as CRMs that are traceable to NIST SRM 930e, 1930, and 2930. Other certified
standard solutions
or glass filters

can be used if they are traceable to a national or international standard. Absorbance precision
should be determined using
accuracy should be determined as the average of

at least six replicate measurements over the operational range. The acceptance criteria are
±0.5%A or ±0.003
0.005

A, whichever is larger.

Limit of Stray Light (Stray Radiant Energy)

Although the measurement of absorbance or transmittance is a ratio measurement of intensities
and therefore theoretically is independent of monochromatic source intensity, practical
measurements are affected by the presence of unwanted radiation called “stray radiant
energy” or “stray light”. In addition, the adverse effect of stray light increases with aging of
optical components and lamps in a spectrophotometer. The effects are greater at the extremes
of detector and lamp operational ranges. Analysts must monitor the level of stray light as part
of PQ. Stray light can be detected at a given wavelength with a suitable liquid filter. These
solutions are available as CRMs or can be prepared at the concentrations shown in Table 3 by
using reagent-grade materials.

Table 3. Spectral Ranges of Selected Materials for Monitoring Stray Light

Spectral Range
(nm) Liquid or Solution

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

PF 39(2): Mar.-Apr. 2013 62



190–205 Aqueous KCl (12 g/L)
210–259 Aqueous Nal/Kl (10 g/L)
250–320 Acetone
300–385 Aqueous NaNO2 (50 g/L)

Analysts can use a 5-mm path length cell filled with the same filter solution as the reference
cell while they concurrently measure a 10-mm cell over the appropriate spectral range.
Analysts can use a 5-mm path length cell filled with a filter solution in the reference beam

while they concurrently measure a 10-mm cell (with an approximate absorbance between 4A
and 5A at the wavelength of interest) containing the same filter solution over the appropriate
spectral range against a water blank with the same cuvettes.

Calculate the stray light value from the observed maximum absorbance:

S  = 0.25*10 2A

A  = observed maximum absorbance

Acceptance criteria: S  is 3.5
0.01.

Resolution

If accurate absorbance measurements must be made on benzenoid compounds or other
compounds with sharp absorption bands (natural half band-widths of less than 15 nm), the
spectral bandwidth of the spectrophotometer used should
not

be greater than 1/8th the natural half-bandwidth of the compound's absorption. 
Determine the resolution of the spectrophotometer by using the following procedure: measure
the ratio of the absorbance of a 0.020% (v/v) solution of toluene in hexane (UV grade) at the
maximum and minimum at about 269 and 266 nm, respectively, using hexane as the reference.
The absorbance ratio obtained depends on the spectral bandwidth of the instrument. For most
pharmacopeial quantitative purposes, a spectral bandwidth of 2 nm is sufficient, and the
acceptance criteria for the ratio is NLT 1.3. 
The effect of spectral bandwidth and measurement temperature on the ratio is shown in Table
4.4

Table 4. Spectral Bandwidth and Measurement Temperature

Temperature
of

Measurement

Spectral Bandwidth

0.5 nm ±
0.1 nm

1.0 nm ±
0.1 nm

1.5 nm ±
0.1 nm

2.0 nm ±
0.2 nm

3.0 nm ±
0.2 nm

20 ± 1 2.4–2.5 2.0–2.1 1.6–1.7 1.3–1.4 1.0–1.1

25 ± 1 2.3–2.4 1.9–2.0 1.6–1.7 1.3–1.4 1.0–1.1

30 ± 1 2.1–2.2 1.8–1.9 1.5–1.6 1.3–1.4 1.0–1.1

Alternatively, a suitable atomic line can be scanned in single-beam mode, and the peak width
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at half peak height can be determined. This peak width at half peak height equates to the
bandwidth of the spectrophotometer.

Performance Qualification

The purpose of PQ is to determine that the instrument is capable of meeting the user's
requirements for all the parameters that may affect the quality of the measurement and to
ensure that it will function properly over extended periods of time.

PROCEDURE

With few exceptions, compendial spectrophotometric tests and assays call for comparison
against a USP Reference Standard. This helps ensure measurement under identical conditions
for the test specimen and the reference substance. These conditions could include wavelength
setting, spectral bandwidth selection, cell placement and correction, and transmittance levels.
Cells that exhibit identical transmittance at a given wavelength may differ considerably in
transmittance at other wavelengths. Appropriate cell corrections should be established and
used where required. 
Comparisons of a test specimen with a reference standard are best made at a peak of spectral
absorption for the compound concerned. Assays that prescribe spectrophotometry give the
commonly accepted wavelength for peak spectral absorption of the substance in question.
Different spectrophotometers may show minor variation in the apparent wavelength of this
peak. Good practice demands that comparisons be made at the wavelength at which peak
absorption occurs. Should this differ by more than ±1 nm (in the range from 200 to 400 nm) or
±2 nm (in the range from 400 to 800 nm) from the wavelength specified in the individual
monograph, recalibration of the instrument may be indicated. 
The expressions “similar preparation” and “similar solution” as used in tests and assays involving
spectrophotometry indicate that the reference comparator, generally a USP Reference
Standard, should be prepared and observed in an identical manner for all practical purposes to
that used for the test specimen. Usually when analysts make up the solution of the specified
reference standard, they prepare a solution of about (i.e., within 10%) the desired
concentration, and they calculate the absorptivity on the basis of the exact amount weighed
out. If a previously dried specimen of the reference standard has not been used, the
absorptivity is calculated on the anhydrous basis. The expressions “concomitantly determine”
and “concomitantly measure” as used in tests and assays involving spectrophotometry indicate
that the absorbances of both the solution containing the test specimen and the solution
containing the reference specimen, relative to the specified test blank, must be measured in
immediate succession.

Sample Solution Preparation

For determinations using UV or visible spectrophotometry, the specimen generally is dissolved in
a solvent. Unless otherwise directed in the monograph, analysts make determinations at room
temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong acids
and alkalis. Precautions should be taken to use solvents that are free from contaminants that
absorb in the spectral region under examination. For the solvent, analysts typically should use
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water-free methanol or alcohol or alcohol denatured by the addition of methanol but without
benzene or other interfering impurities. Solvents of special spectrophotometric quality,
guaranteed to be free from contaminants, are available commercially from several sources.
Some other analytical reagent-grade organic solvents may contain traces of impurities that
absorb strongly in the UV region. New lots of these solvents should be checked for their
transparency, and analysts should take care to use the same lot of solvent for preparation of
the test solution, the standard solution, and the blank. Best practice is to use solvents that
have NLT 40% transmittance at the wavelength of interest. 
Assays in the visible region usually call for concomitantly comparing the absorbance produced
by the assay preparation with that produced by a standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, analysts can
omit the use of a reference standard (e.g., when spectrophotometric assays are made with
routine frequency) when a suitable standard curve is available and is prepared with the
appropriate USP Reference Standard, and when the substance assayed conforms to Beer's Law
within the range of about 75%–125% of the final concentration used in the assay. Under these
circumstances, the absorbance found in the assay may be interpolated on the standard curve,
and the assay result can be calculated. Such standard curves should be confirmed frequently
and always when a new spectrophotometer or new lots of reagents are put into use.

Change to read:

VALIDATION AND VERIFICATION

Validation

Validation is required when a UV-Vis method is intended for use as an alternative to the official
procedure for testing an official article. 
The objective of UV-Vis method validation is to demonstrate that the measurement is suitable
for its intended purpose, including quantitative determination of the main component in a drug
substance or a drug product (Category I assays), quantitative determination of impurities or
limit tests (Category II), and identification tests (Category IV). Depending on the category of

the test (see Table 2 in Validation of Compendial Procedures 1225 ), the analytical method
validation process for UV-Vis requires testing for linearity, range, accuracy, specificity,
precision, detection limit, quantitation limit, and robustness. These analytical performance
characteristics apply to externally standardized procedures and those that use standard
additions. 

Chapter 1225  provides definitions and general guidance on analytical procedures validation
without indicating specific validation criteria for each characteristic. The intention of the
following sections is to provide the user with specific validation criteria that represent the
minimum expectations for this technology. For each particular application, tighter criteria may
be needed in order to demonstrate suitability for the intended use.

ACCURACY

For Category I, II, and III procedures, accuracy can be determined by conducting recovery
studies with the appropriate matrix spiked with known concentrations of the analyte. Analysts
also can compare assay results obtained using the UV-Vis procedure under validation to those
from an established analytical procedure.
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Validation criteria: 98%–102% recovery for drug substances and drug product assay and
95%–105% recovery for impurity analysis
98.0%–102.0% recovery for the drug substances, 95.0%–105.0% recovery for the drug

product assay, and 80.0%–120.0% recovery for the impurity analysis.
These criteria should be met throughout the intended range.

Precision

REPEATABILITY

The analytical procedure should be assessed by measuring the concentrations of six
independently prepared sample solutions at 100% of the assay test concentration.
Alternatively, it can be assessed by measuring the concentrations of three replicates of three

separate sample solutions at different concentrations. The three concentrations should be
close enough so that the repeatability is constant across the concentration range. If this is
done, the repeatability at the three concentrations is pooled for comparison to the acceptance
criteria.

Validation criteria: The relative standard deviation should be NMT 2% for drug substance or
drug product assay and NMT 5% for impurity analysis.
The relative standard deviation is NMT 1.0% for the drug substance, NMT 2.0% for the drug

product assay, and NMT 20.0% for the impurity analysis.

INTERMEDIATE PRECISION

The effect of random events on the analytical precision of the method should be established.
Typical variables include performing the analysis on different days, using different
instrumentation, and/or having the method performed by two or more analysts. As a minimum,
any combination of at least two of these factors totaling six experiments will provide an
estimation of intermediate precision.

Validation criteria: The relative standard deviation should be NMT 3% for drug substance or
drug product assay and NMT 10% for impurity analysis.
The relative standard deviation is NMT 1.0% for the drug substance, NMT 3.0% for the drug

product assay, and NMT 25.0% for the impurity analysis.

SPECIFICITY

In UV-Vis measurements, specificity is ensured by the use of a reference standard wherever
possible and is demonstrated by the lack of interference from other components present in the
matrix.

DETECTION LIMIT

The detection limit (DL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 3.3. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >3.3. The estimated DL must be confirmed by
analyzing samples at the calculated concentration.

QUANTITATION LIMIT

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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The quantitation limit (QL) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank solution and multiplying by 10. Alternatively, the standard
deviation can be determined from the error of the intercept from a calibration curve or by
determining that the signal-to-noise ratio is >10. 
A measurement of a test solution prepared from a representative sample matrix spiked at the
required QL concentration must be performed to confirm sufficient sensitivity and adequate
precision. The observed signal-to-noise ratio at the required QL should be >10. [Note—A
suitable procedure for measuring the signal-to-noise ratio is given in ASTM 1657-98 (2006)
Standard Practice for the Testing of Variable-Wavelength Photometric Detectors Used in Liquid
Chromatography.]

Validation criteria: For the estimated LOQ to be considered valid, the measured concentration

must be accurate and precise at a level 50% of the specification.

LINEARITY

A linear relationship between the analyte concentration and UV-Vis response must be
demonstrated by preparation of NLT five standard solutions at concentrations encompassing
the anticipated concentration of the test solution. The standard curve then should be
evaluated using appropriate statistical methods such as a least-squares regression. Deviation
from linearity results from either instrumental or sample factors, or both, and can be reduced to
acceptable levels by reducing the analyte concentration and thereby the associated
absorbance values.

Validation criteria: The correlation coefficient (R) must be NLT 0.995 for Category I assays
and NLT 0.99 for Category II quantitative tests. The percent error of each calibration point
must be NMT 5% for Category I assays and NMT 15% for Category II quantitative tests.

RANGE

The operational range of an analytical instrument (and the analytical procedure as a whole) is
the interval between the upper and lower concentrations (amounts) of analyte in the sample
(including these concentrations) for which it has been demonstrated that the instrumental
response function has a suitable level of precision, accuracy, and linearity.

Validation criteria: For Category I procedures, the range requirements are 80%–120% (70%–
130% for content uniformity and ±20% for dissolution). For Category II, the range requirements
are 50%–120% of the acceptance criteria.
For Category I tests, the validation range for 100.0% centered acceptance criteria is 80.0%–

120.0%. For noncentered acceptance criteria, the validation range is 10.0% below the lower
limit to 10.0% above the upper limit. For content uniformity, the validation range is 70.0%–
130.0%. For Category II tests, the validation range covers 50.0%–120.0% of the acceptance
criteria.

ROBUSTNESS

The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For UV-Vis this can include measuring the stability of the analyte
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under specified storage conditions, varying pH, and adding by possible interfering species, to
list a few examples. Robustness should be determined concurrently using a suitable design of
experiments procedure.

INDIRECT MEASUREMENT REQUIREMENTS

For certain UV-Vis procedures, chromogenic reactions are employed. Generally the requirements
for the analytical performance characteristics should be used. In some instances, the required
accuracy and precision criteria for the direct measurements may not be achievable. Under
these circumstances, the accuracy and precision requirements can be widened by as much as
50%. Any such widening must be justified on scientific grounds and with documented evidence,
and it may be necessary to increase the amount of replication required to produce a
scientifically sound reportable value.

Verification

US Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF are not required to validate these
procedures if provided in a monograph. Instead, they must simply verify their suitability under
actual conditions of use. 
The objective of a UV-Vis procedure verification is to demonstrate the suitability of a test
procedure under actual conditions of use. Performance characteristics that verify the suitability
of a UV-Vis procedure are similar to those required for any analytical procedure. A discussion of

the applicable general principles is found in Verification of Compendial Procedures 1226 .
Verification should be performed using a reference material and a well-defined matrix.
Verification of compendial UV-Vis procedures should at minimum include the execution of the
validation parameters for specificity, accuracy, precision, and quantitation limit, when
appropriate, as indicated under Validation.

1  The rounded values are taken from ASTM Standard E275-08.

2  NIST SRM 2034 is no longer available.

3  The rounded values are taken from the intrinsic wavelength standard absorption band data from Travis JC ,
Acosta JC , Andor G, et al. Intrinsic wavelength standard absorption bands in holmium oxide solution for
UV/visible molecular absorption spectrophotometry. J Phys Chem Ref Data. 2005;34(1):41–57. The maximum
95% measurement uncertainty is ±0.06 nm.

4 ASTM E958 2011.

BRIEFING

1044  Cryopreservation of Cells. This new general information chapter reviews best
practices for cryopreservation for a wide range of cells, including those used for cell therapy
products or as cell substrates for production of recombinant therapeutic products. The chapter
also contains an Appendix with additional guidance documents that may be useful for particular
cell types and applications.
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Add the following:

1044  CRYOPRESERVATION OF CELLS

INTRODUCTION

Cryopreservation is the process of using very low temperatures to preserve the viability and
functionality of cells. The purpose of cryopreservation is to bank the cells and allow their future
use in in vitro or in vivo applications for which post-thaw function is sufficiently representative
of the cells' prefreeze function. Depending on the application, sufficient postcryopreservation
function may be assessed by the ability to divide, proliferate, differentiate, express genes, or
produce proteins or by another specific functional property. 
This chapter presents best practices for cryopreservation, maintenance, and use of a wide
range of cells, cell therapy products, and cell banks derived from a variety of sources including
human, animal, and microbial cell cultures or banks (the chapter also contains an Appendix with
additional guidance documents that are useful for particular cell types and applications).
Cryopreserved cells provide a ready source of viable cells that can be used, either directly or
indirectly, for therapeutic purposes. In some cases the cells themselves, after cryopreservation
and thaw, constitute the patient therapy, and in other cases the cells are propagated or
otherwise manipulated ex vivo in order to generate the product (e.g., a culture-expanded
cellular therapy, a therapeutic protein, or a monoclonal antibody). In all cases, proper
cryopreservation is essential for retention of required cellular properties and, ultimately, for
application toward the advancement of patient therapies.

PRINCIPLES OF CRYOPRESERVATION

Overview

Understanding the role of water and the need to adequately remove it from cells or abrogate its
ability to form ice crystals, which damage the cell membrane, is critical to successful
cryopreservation. When cells are frozen in aqueous suspension, often they are destroyed.
However, in the 1940s Polge and others discovered the cryoprotective properties of glycerol.
Since then several chemicals, generically called cryoprotectant agents (CPAs), have been
identified. The mechanism of action of CPAs is complex and is not fully understood. However,
according to the commonly accepted theory of colligative action, CPAs increase solute
concentration both within the cell and extracellularly, thereby suppressing ice formation. For
this purpose, the so-called penetrating (or intracellular) CPAs [e.g., dimethylsulfoxide (DMSO),
propanediol, and methanol] must be able to cross the cell membrane readily and penetrate the
cell without significant toxicity. There also is a group of nonpenetrating (or extracellular) CPAs
(e.g., sucrose and trehalose) whose mechanism of action is thought to be related at least in
part to their stabilizing interaction with cell membranes. This property also may explain the
cryoprotective activities of certain large molecular weight compounds such as hydroxyethyl
starch and polyvinylpropylene. Theoretical models of cryoprotection typically evoke the
colligative theory, but full explanation of CPA action is yet to be established. 
An alternative form of cell preservation, commonly called vitrification, whereby the cell
suspension is loaded with high levels of penetrating CPAs (often several in combination),
induces a glass-like state in which cellular and extracellular water cannot readily form ice
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crystals. When cell suspensions prepared in this way then are cooled very rapidly (cooling rates

of 100 –1000 /min or more) the extreme viscosity prevents osmosis, and the water molecules
are unable to form ice. This procedure has been widely used for complex structures including a
variety of human, plant, and animal tissues and may help preserve those cell preparations that
have variable degrees of cellular permeability or when standard cryoprotection cannot deliver
the range of conditions required to optimally preserve viability in all the tissue's component cell
types. 
CPAs have biological activities beyond their cryoprotective properties. Some, like DMSO, can
affect the cell membrane, cytoskeleton, and gene expression and may be toxic to cells
following prolonged exposure. Therefore, during development of new cryopreservation protocols
analysts should perform a toxicity assay in which the cells are exposed to the CPA over a range
of time intervals to evaluate loss of viability or alteration of functionality.

Key Elements of Cryopreservation Practice

For any cellular sample or therapeutic product being cryopreserved, method development
should address the following elements:

PREFREEZE PROCESSING AND CHARACTERIZATION

Optimizing the condition of the cells immediately before cryopreservation is critical to a
successful outcome. The nature and extent of prefreeze processing depends on the state of
the original cells harvested for preservation, the composition of the cell suspension, and the
specific processing steps leading into cryopreservation. Prefreeze processing may include
selection of subpopulations, ex vivo expansion, or incubation with activating or priming factors. 
Precryopreservation characteristics and identity should be established before cryopreservation.
For cell banks in particular, the cell status and optimal growth conditions, as well as validated
history, characteristics, and authenticity should be documented. Cell status and history
typically are described in terms of the nature and number of manipulations and culture
passages from the primary cells. Finite or primary cells usually are cryopreserved at an early
passage to maintain integrity of the original tissue, but continuous cell lines may be cloned and
expanded, ensuring a homogeneous cell population. In both cases, analysts should maintain
detailed records of the procedures. 
To prepare for cryopreservation of cultured cells, cells should be harvested near the end of the
log phase of growth. Harvesting cells during this phase ensures that the cells are most viable
and uniform. Complete growth medium renewal a day before cell harvest also can be beneficial.
Additionally, most cell suspensions benefit from washing by centrifugation and resuspension in
an isotonic medium to a specific cell concentration by means of either manual or automated
methods. Prefreeze processing must not result in cells that are stressed before the start of the
freezing process, or cell losses during freezing or after thaw will be higher than expected. 
The cell concentration range for harvesting is determined by use of a growth curve. Optimizing
the growth conditions of a cell line or primary cells is important to maintain high viability of the
cells in culture. Typically, cells growing actively and in exponential phase have a low cytoplasm
to nuclear volume ratio, which is conducive to successful cryopreservation with penetrating
cryoprotectants. Suboptimal or improper culture conditions may result in lower viability and cell
states that will be less robust for preservation and recovery. The culture medium should be
optimized and the same medium should be used throughout all experiments, and each batch of
serum and other culture reagents should be qualified (e.g., see the 2010 WHO task force
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recommendations and the FDA 2010 guidance referenced in the Appendix). 
Ideally, cells should be tested for adventitious agents before freezing. The specific testing
regimen for potential microbial contamination of cells depend on the donor source, the culture
history, and the intended use. Detailed records of the cell history should be maintained as a
basis for appropriate risk assessment to direct supplementary testing that may be required
(e.g., exposure to bovine viruses in bovine serum albumin). Specific regulatory requirements for
testing of cells, or donors of the cells, for products intended for a particular use (e.g., cell
therapy or vaccine manufacture) are based on past experience regarding key agents that must

be included or considered. USP general chapter Cellular and Tissue-based Products 1046
contains guidance about sterility and safety testing requirements for cell therapy products.

REAGENTS AND CONTAINERS

Sterile, single-use, disposable plastic bags, cryovials, or straws are customarily used for
cryopreservation. Manufacturers' specifications should be carefully reviewed to ensure that the
material used to manufacture the bag, vial, or straw is appropriate for use at the storage
temperature and is compatible with the cryoprotectant solution. Plastic cryogenic vials and
other containers may not be designed for storage directly in liquid nitrogen because they may
leak. If straws are used, then primary or secondary containment during storage is important to
prevent direct contact of the preserved cells with liquid nitrogen. Cryovials with external
threads are preferred because internally threaded caps may be more difficult to handle
aseptically. 
Preservation of cells typically requires the use of specialized solutions that contain a base
(typically an isotonic saline–based solution) with CPAs (most commonly DMSO but sometimes
glycerol) and sometimes proteins (fetal bovine serum, human serum or plasma, or human
albumin). The optimum composition for different cell types may need to be determined. 
The types of vials, labels, ink, or markers used should withstand extreme liquid nitrogen
temperatures. The markings on the label should be legible and barcoded if possible. The
minimum information on the label should include name or description of cell population, date of
cryopreservation, cell passage number, and lot number.

ADDITION OF CRYOPROTECTANT SOLUTION

Cryoprotectant solutions typically are hypertonic and are not physiological. For example, a 10%
DMSO solution used commonly in cell preservation has a concentration of approximately 1.4
osmolarity (Osm). Cells introduced into this type of solution rapidly dehydrate as water leaves
the cell in order to reduce the difference in osmotic potential between the inside and outside of
the cell. DMSO slowly permeates the cell to re-equilibrate. This may cause excursions in volume
that can result in a loss of cell viability. Therefore, cryopreservation solutions commonly are
added to a cell suspension in steps or gradually (e.g., using a syringe pump) to prevent cell
losses resulting from osmotic stress. The method for introducing or removing a cryopreservation
solution should be validated before freezing to minimize cell losses resulting from this step. 
In the case of DMSO, a large latent enthalpy of mixing results in sample heating when the two
solutions are mixed. This heating can be high enough to damage the cells, so solutions that
contain DMSO commonly are precooled before mixing. Prechilling the solution reduces heating
associated with mixing of the solution, reduces the osmotic volume changes that the cells
experience, and reduces cell losses associated with exposure to DMSO.

COOLING
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Two different types of freezing typically are used for cells: controlled-rate freezing and passive
or uncontrolled freezing. Controlled-rate freezers are attached to liquid nitrogen supplies. The
temperature of the chamber should be controlled by increasing or decreasing the flow of cold
nitrogen gas into the chamber according to a preprogrammed step. Controlled-rate freezing
protocols typically involve several steps, each of which should be validated for a specific cell
type. 
The use of controlled-rate freezing provides more precise control of the freezing environment
and therefore more consistent (and higher) post-thaw recovery for cells that may have a
narrow range of cooling rates associated with maximum survival or cells that are sensitive to
the temperature at which ice forms in the extracellular solution. Temperature probes placed
near the cells being frozen, or in a mock cell suspension that undergoes cryopreservation
simultaneously, are used to monitor the freezing process and to provide process control. If
release of the latent heat of fusion is delayed or poorly controlled, cells undergoing
cryopreservation may be damaged and may have diminished viability after thaw. 
Disruption of the controlled-rate freezing during the protocol may occur and typically is caused
by failure of a valve in the controlled-rate freezer or cryogen. Protocols for handling disruption
of the freezing process and backup plans should be developed and validated. 

Passive freezing involves placing a product in a mechanical freezer (about 80  or 150 ) and
permitting the sample to cool in an uncontrolled fashion. Insulation or specially designed boxes
are used to slow the cooling rate for the sample. The average cooling rate achieved for the
majority of the process and the consistency of freezing curves should be validated. In general,
control of the thermal environment during freezing results in improved post-thaw recovery, but
certain cells exhibit comparable post-thaw recovery when they are passively cooled.

CRYOGENIC STORAGE, SAFETY, AND TRANSPORT

After the freezing process has been completed, products are transferred from controlled-rate or
mechanical freezers to cryogenic storage units. Sample warming should be minimized during
transfer of the cell product from the freezing device to storage. Cold tables or insulated
transfer devices can be used to minimize warming during transfer. Newly cryopreserved cells
commonly are placed in a quarantine Dewar before completion of testing for adventitious
agents. After testing, cells that test negative for adventitious agents can be released for
transfer into long-term cryogenic storage units. 
The inventory system (or repository) for the maintenance of the cryopreserved cells should be
designed for easy access to minimize specimen handling, and the number of times per day that
a repository is accessed should be limited because exposure to warmer temperatures may
compromise cell viability and, consequently, longer-term stability. Master Cell Banks (MCBs)
that are accessed infrequently should be stored separately from Working Cell Banks (WCBs)
that are accessed more often. Frequent retrieval from the WCB may cause shifts in
temperature. This activity must not compromise the long-term stability and performance of the
MCB. 
When storing cryopreserved specimens, analysts should ensure that the storage temperature
does not rise above a critical temperature called the glass transition temperature. For long-
term storage of fastidious specimens such as cell lines and primary cell cultures, this critical

temperature is 130  or below 150  for clinical material (to give an adequate margin of error)
in the vapor phase of the liquid-nitrogen freezer. Liquid-nitrogen freezers are prone to
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temperature gradients in the vapor phase based on the shape and design of the freezer and
the level of liquid nitrogen. Although storing cryopreserved cells in liquid nitrogen prolongs
longevity, hazards such as exploding vials have prompted greater use of nitrogen vapor phase
storage. Liquid-nitrogen vapor phase provides a more convenient and safe environment for vial
retrieval. If the liquid-nitrogen freezer is suitably configured, the working temperature in the

vapor phase commonly is as low as 170 , and some vapor-phase tanks are even designed to

maintain 190 . The liquid-nitrogen freezer should be validated, and the temperature of the

vapor phase should be routinely checked to ensure that the temperature is not more than 

130  or below 150  for clinical material. 
Temperature-monitoring systems should permit recording and storage of temperature history for
quality control purposes. Storage units should be attached to alarms and facility monitoring
systems. Critical storage units should be equipped with a multilevel alarm system to ensure
backup in the monitoring and response. The storage units should be routinely monitored for
temperature failure caused by power disruption and any other potential malfunctions. In the
event of commercial power failure, an emergency generator should be available to provide
emergency power for the freezers and accessory equipment such as computers. 
Proper operation of a repository requires monitoring of temperature and liquid-nitrogen levels
and automatic filling. In addition, a large supply of dry ice should be accessible for emergency
cooling, and standby empty back-up Dewars, liquid nitrogen, and mechanical freezers should be
available in case of freezer failure. 
Only individuals who are trained for this purpose should access cryopreserved products or
samples. In some cases, verification by a second person is required for source traceability.
Personnel assigned to the implementation of the protocols should be trained in standard
operating procedures (SOPs). Sample tracking systems that incorporate computer software and
sometimes barcoding for identification, logging, and tracking of frozen samples are particularly
useful for large sample repositories and may facilitate rapid retrieval of samples and minimize
time that the entire repository is exposed to the risk of temperature excursions. 
Products and samples such as primary cells, cell lines, and cell therapy products routinely are
shipped among sites of collection, processing, storage, and use. Cryopreserved specimens
typically are shipped in liquid-nitrogen vapor shippers with temperature-monitoring systems to

ensure that the unit does not exceed 130  for cell lines and 150  for clinical material during
the shipping process. Shipping units are subjected to significant vibrations and mechanical
stresses during shipment and should be evaluated on a regular basis for proper function. 
Cryopreserved cell lines, whether shipped nationally or internationally, should be transported
using local postal, US Department of Transportation, and International Air Transport Association
guidelines. Packages also should meet other regulatory requirements for quarantine, biosafety,
and biosecurity. Cryopreserved cells should be retrieved, packed, and shipped in a manner that
does not interfere with the integrity of the cells. For most cryopreserved cells, shipping in dry
ice for short duration (up to five days with appropriate packing) may be adequate, and
temperature monitors should be included. However, some cells may require shipping in liquid-
nitrogen vapor phase (Dewars). Prevalidation of the shipping methods may be required to
determine the best option. With the shipment, shippers should include instructions for proper
storage upon cell receipt.

THAWING

Cells frozen using conventional methods (controlled rate or passive freezing) or by vitrification
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should be thawed as rapidly as possible, and the thawing process starts as soon as the frozen
sample is removed from storage. Slow warming rates result in recrystallization damage or
exposure of the cells to high extracellular concentrations of CPAs, either of which can result in
cell death. Cell therapy products and cell lines typically are thawed in a warm-water bath. The
water bath should be cleaned regularly and should contain sterile water. The temperature of
the bath also should be monitored. Many clinical labs use plastic overwrap bags to hold the
primary container during rapid thaw to reduce the risk of product contamination in case the
integrity of the inner container is impaired. Alternatively, warm bead baths (usually

approximately 37 ) can be used to reduce contamination risks. Thawing rates should be as

rapid as possible (>1 /s for most mammalian cells), and the process should be validated, often
using an approach similar to that described in the Cooling section above. Increasing bath

temperatures above 42  to increase the warming rate must be done with extreme caution
because hyperthermic temperatures can damage cells, inducing necrosis or apoptosis.

POST-THAW PROCESSING AND EVALUATION

Because cryopreservation solutions are not physiological, it is not uncommon for some sort of
post-thaw processing to be performed. For cells preserved in DMSO, cells typically are washed
or diluted immediately post-thaw because this CPA is harmful in particular to frozen and thawed
cells. Cells are more sensitive to expansion than contraction, so CPA removal or dilution
protocols must be carefully optimized to prevent cell losses from dilution or removal. 
Quantifying the viability of cells post-thaw is important and may be performed by a variety of
methods depending on the post-thaw requirements of the cells. The process of
cryopreservation subjects the cells to significant stresses that can alter metabolic function,
membrane structure, etc. Therefore, development and validation of suitable post-thaw assays
are critical. Post-thaw function is most commonly assessed using physical integrity (e.g.,
membrane integrity), metabolic activity, mechanical activity (attachment or contraction),
mitotic activity, or engraftment potential. The selection of assay depends strongly on the
desired post-thaw function of the cell. Physical integrity is used most often. Today, dyes like
trypan blue are used less often to measure post-thaw physical integrity because this dye is
difficult to validate on frozen and thawed cells. Fluorescent dyes are used with increasing
frequency to determine cells' post-thaw physical integrity. Rigorous methods of post-thaw
assessment typically involve multiple measures of cell viability and, in particular, at least two
independent assays to measure post-thaw viability. For example, post-thaw attachment and
proliferation commonly are used to evaluate viability. As the complexity of the desired cell
function after thawing increases, so do the demands on post-thaw assessment. For example,
post-thaw assessment of stem cells may require assay of membrane integrity as well as
proliferation and the ability of the cells to differentiate into different lineages post-thaw. Post-
thaw assays should be carefully developed and validated to avoid measurement bias. A certain
fraction of cells will lyse during freezing, and methods of measuring cell recovery should include
a complete assessment of cell losses (cells that have lysed as well as cells that are intact but
not viable). 
Testing for adventitious agents after the preparation of MCBs and WCBs should be routine, and
USP general chapters Viral Safety Evaluation of Biotechnology Products Derived from Cell Lines

of Human or Animal Origin 1050  and Virology Test Methods 1237  provide additional
testing guidance (see also the FDA 2010 guidance cited in the Appendix). Testing for
mycobacterial contamination, which may not be isolated in standard sterility testing, also can
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be considered for some cell substrates. Representative vials should be retrieved and tested for
microbial contamination (bacteria, fungi, Mycoplasma, and viruses). Numerous well-established
methods are available for detecting Mycoplasma in cell cultures (see USP general chapter

Mycoplasma Tests 63 ). 
The batch record should be detailed, including the history of the cell line and all activities
starting from receipt of the cell line to release of the cell banks or products for use. The record
should include detailed information about the cryopreservation process, including the
procedure, the equipment used (with unique identifier), and a printed record of the freeze
profile. The viabilities of the cryopreserved cells should be monitored over time to ascertain the
effectiveness of the freezing process and the storage conditions. The information captured in
each batch file of a cell line must be traceable to the original source, and all documents should
be maintained and updated according to the quality management system in place.

CRYOPRESERVATION OF HUMAN CELL THERAPY PRODUCTS

Cell preservation methods are used to ensure product stability during hold, storage, and
transport steps for a wide range of human cell–based products (additional information is found

in 1046 ). Cells can be preserved in liquid suspension for up to a few days, but quantitative
and qualitative changes in the cellular product invariably occur over time. Although preservation
in the frozen state also affects the cellular product, it allows more predictable preservation of
specific product characteristics over much longer time intervals. 
For any given cell product, the decision to use cryopreservation depends primarily on the timing
of final product administration in relationship to cell source collection and product
manufacturing steps. Many patient-specific autologous and allogeneic products are maintained
in liquid suspension, without cryopreservation, from starting cell source through final formulation
and are released as fresh products after a relatively short time. However, many clinical
applications require cryopreservation of the cell source, intermediate products, or final product.
In these cases, cryopreservation can permit optimization of workflow during manufacturing,
completion of lot-release testing, maintenance and management of a product inventory,
transport of the product to the clinical site, and coordination of product administration with the
patient's medical or surgical regimen. For example, umbilical cord blood is cryopreserved and
stored in public banks for subsequent transport to, and temporary storage at, clinical transplant
centers, where it is thawed immediately before infusion into a patient. 
Development of a cryopreservation process for a clinical cell therapy must consider the
consequences for the product, the patient, and the overall feasibility of the therapy. For the
cell product, the manufacturer must ensure that expected cell losses because of
cryopreservation and thaw occur in a manner that is reasonably predictable and must ensure
that the final product administered to the patient will meet specifications for cell number,
viability, and functional characteristics. 
For the patient, cryopreservation may affect the efficacy and safety of the final product. For
example, the cryoprotectant DMSO is associated with risk of predictable dose-dependent
gastrointestinal, cardiovascular, and neurologic toxicities that typically are ascribed to
histamine release. Residual DMSO in the final product should be estimated or measured. DMSO
is categorized by ICH as a Class 3 (relatively low risk) solvent or excipient in pharmaceutical
products, and amounts of up to 50 mg/day, or less, are considered acceptable without
justification (see ICH Q3C). Cryopreserved cellular products frequently contain 10–20 times this

PF 39(2): Mar.-Apr. 2013 75



amount unless they are washed after thawing. Even higher amounts of DMSO may occur with
administration of multiple cryopreserved products, and this occurs commonly with autologous
peripheral blood stem cell transplantation. Procedures to prevent DMSO toxicity also should be
considered. It is common clinical practice to premedicate patients with diphenhydramine or
other antihistamine agents to prevent DMSO toxicity. Product washing methods by either
manual (centrifugation) or automated methods also can be considered but must be validated to
ensure adequate postwash recovery and cell function. 
Use of cryopreserved cell therapy products may require the clinical site to receive, store, thaw,
and perform other final preparation steps on the cryopreserved product. Feasibility assessment
requires consideration of the site's capabilities with regard to specialized personnel, training,
equipment, and facilities to execute those tasks. 
If cryopreservation is planned as part of the manufacturing process, development teams must
consider the effect of cryopreservation on cell number and characteristics and should require
reliable methods for cell enumeration and assessment of cell viability and function. During
development runs, more assays often are performed than will be required eventually for in-
process and final product testing. This is done in order to evaluate the effects of each
manipulation of the product. Because some cells may be more susceptible than others to
freeze–thaw damage, these studies should include assessment of selective losses of important
cell subpopulations within the product. 
As described in the Introduction, several critical processes influence the outcome of a
cryopreservation protocol. Following is a brief discussion of issues unique to cell therapies.

Prefreeze Processing

If cells are harvested with plasma present, samples should be properly processed with an
anticoagulant to prevent clotting. In addition, some cells are prone to clumping or aggregation
when centrifuged, and some cell products may exhibit excessive damage or loss of one or more
populations within the product. Cells harvested from adherent or nonadherent culture may
include substantial numbers of dead or fragile cells. Therefore, centrifugation and wash steps
should be optimized and specific for the product's cellular contents, suspension volume,
suspension medium, and container, along with appropriate evaluation of the cellular product
before and after these manipulations. Prefreeze processing must not result in cells that are
stressed (e.g., cells that demonstrate elevated early apoptotic markers or temperature-shock
responses) before the start of the freezing process, or cell losses will be higher than expected.

Reagents and Containers

Clinical-grade reagents and containers should be used whenever possible (see Ancillary

Materials for Cell, Gene, and Tissue-engineered Products 1043 ). It is customary to use
sterile, single-use, disposable plastic bags or cryovials that have been qualified for the specific
cryopreservation process and subsequent storage conditions. Cryopreservation media for cell
therapy products usually consist of isotonic saline–based solutions with one or more CPA,
typically the intracellular cryoprotectant DMSO at 5%–10% final concentration with or without
an extracellular cryoprotectant such as hydroxyethyl starch. The use of human-derived protein
additives such as human serum albumin, serum, or plasma is common, and their safety relative
to bovine-derived protein sources is well accepted. Additives such as heparin or citrate-based
anticoagulants, and DNase sometimes are used. Many centers formulate their own
cryopreservation media, but commercial cryopreservation media, which typically include 5%–

PF 39(2): Mar.-Apr. 2013 76



10% DMSO and other proprietary components, increasingly are used by cell therapy
manufacturers to eliminate variability and the need for additional qualification activities
associated with local formulation.

Addition of Cryoprotectant Solution and Cooling

The method for introduction or removal of a cryopreservation solution should be validated
before freezing to ensure that cell losses resulting from this step are minimized. The
cryopreservation medium usually is added to the cell suspension in steps or gradually (e.g.,
using a syringe pump) to prevent cell losses resulting from osmotic stress. It is common to
prechill the cryopreservation medium and keep the cell suspension and the admixture chilled
using cold packs, a frozen blanket, or a chilled work surface to prevent heat-related cell
damage during addition of DMSO. Once the cryopreservation medium is added, the cell
suspension typically is transferred to the precooled chamber of a controlled-rate freezer. During
the freeze process, a record of chamber and product temperature over time, or freeze curve, is
generated for inclusion in the production record. Product temperatures can be recorded from a
probe placed on the product bag's outer surface or from the inside of a comparable product in a
dummy bag or vial that undergoes concurrent freezing.

Storage and Transport

Cryopreserved cell therapy products typically are stored at temperatures of 150  or below.
FDA requires screening and testing for evidence of transmissible disease only for allogeneic
donors of cell therapy products and not for autologous donations. However, many centers test
autologous donors as well and segregate products from autologous donors who are known to
have transmissible diseases when their products must be stored. A report of hepatitis B cross-
contamination of cellular products within a liquid-nitrogen storage tank led to the currently
common practices of storage in the vapor phase of liquid nitrogen and the use of overwrap
bags to reinforce product containment. Liquid-nitrogen vapor phase storage may be associated
with vertical temperature gradients: products at the top of the storage tank may have a higher
temperature than those stored at the bottom of the tank. Temperature gradients should be
monitored, and vertical temperature gradients should be minimized, e.g., by use of metal heat
shunts. Overwrap bags may reduce the warming rate of the sample if used during the
subsequent thaw process, and their use should be qualified as part of the overall
cryopreservation process validation. 
Transport of cryopreserved cell therapy products usually is accomplished by using dry shippers
containing absorbent material that can be charged with liquid nitrogen to maintain vapor-phase
temperatures for up to two weeks if properly charged. Data loggers are used to document the
temperature history during transport. These shipping containers and procedures must be
validated before cell therapy products for clinical use are shipped in the containers.

Warming (Thawing)

Although bedside thawing of cell therapy products before infusion has been a common clinical
practice, the use of trained personnel in a controlled laboratory environment is now recognized
as the preferred method for thawing because it allows a more standardized process and a
higher degree of control when staff must respond to a container failure, which may require
product salvage in a more sterile environment. Product thawing typically is done by immersion in

PF 39(2): Mar.-Apr. 2013 77



37  water baths and using overwrap bags to minimize product loss and contamination in case of
primary container failure. Bags may be gently kneaded during thaw to reduce temperature
gradients across the bag and to accelerate thawing. The product is removed from the water
bath when some ice is still present in the product but the majority of the product is thawed.
Emergency salvage procedures, which typically include use of hemostats to stop small leaks
and rapid transfer of the product to another, intact, container, should be established and
practiced by personnel who perform product thawing.

Post-thaw Processing

DMSO is toxic to cells in liquid suspension. Toxicity may be reduced by diluting or washing the
cell suspension before infusion or further manipulation. Because cryopreserved, thawed cells are
more sensitive to volumetric expansion when the cells transition from a hypertonic solution to
an isotonic solution, the dilution and washing solutions and methods must be carefully designed
and validated. Cell washing using either a conventional centrifuge or an automated device can
result in additional mechanical stress to the cells, so cell losses must be assessed by an
appropriate method before a specific method is implemented in clinical practice.

Quality Control Practices

Quality management of cryopreservation, storage, and thaw of clinical cell therapy products
must incorporate quality system elements common to current Good Tissue Practices (cGTP) and
current Good Manufacturing Practices (cGMP), including personnel qualification, facility
controls, document control, control of equipment and materials, label control, and use of
validated SOPs (21 CFR 1271, 210, and 211). Quality control practices specific to clinical
cryopreservation typically include assessment and documentation of freeze curves for all
products, retention of tubing segments and vials for subsequent testing, and regular monitoring
of post-thaw product quality. Practices required by cGTPs and applicable to all human cell- and
tissue-based products include measures to ensure accurate and complete labeling and records,
to ensure that the correct product goes to the patient, and to allow tracking of the cell
product from collection to infusion. The practical implications of these requirements are that
labeling and records, including inventory systems, for cryopreserved products must be designed
to prevent errors in identification of products. Identity verifications of products moving into and
out of cryopreserved storage are performed routinely, e.g., with two people checking the
product label against records. If necessary for additional verification of product identity, the
contents of a tubing segment attached to the product bag can be thawed and tested before
thaw of the entire product. ISBT 128, an internationally recognized system for labeling of blood
and cell-therapy products, incorporates use of consistent product nomenclature and barcoding
of the product from donor source through administration (see Appendix).

HEMATOPOIETIC STEM CELLS

Studies of the response of hematopoietic stem cells (HSCs) to freezing began in the 1950s, and
cryopreserved HSCs have been widely used in clinical practice during the past 30 years. The
most common method of cryopreserving HSCs for clinical applications involves the use of 10%

DMSO and a controlled-rate freezer set at a cooling rate of 1 /min. Another method, less
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commonly used, involves the use of passive freezing of the HSC product in a 80  mechanical
freezer and the use of 5% DMSO + 6% hydroxyethyl starch solution. Cells commonly are frozen
at densities of 30–50 × 106 cells/mL. Exceeding cytocrits of 20% (v/v) has been shown to
reduce cell recovery. Post-thaw assessment of the sample consists of enumeration of
nucleated cells, viable CD34+ cells, and hematopoietic colony-forming units, along with
subsequent calculation of recoveries from corresponding prefreeze values. 
HSCs cryopreserved for clinical use may be obtained from bone marrow, mobilized peripheral
blood, or umbilical cord blood (UCB). Each source has unique requirements for preservation. For
example, peripheral blood progenitor cell products contain larger numbers of cells and may be
frozen in multiple bags with relatively high cell concentrations. Protocols for UCB preservation
may include the use of syringe pumps to introduce cryopreservation solutions while minimizing
osmotic stresses. For UCB, specialized solutions often are used after thaw to dilute or remove
DMSO while minimizing osmotic stress for the cells.

MESENCHYMAL STEM CELLS

Research on the clinical use of mesenchymal stem cells (MSC) has grown rapidly since the mid-
1990s. Reliable, safe, and efficient methods of cryopreservation and storage are critical,
especially for allogeneic off-the-shelf MSC products manufactured in multiple product doses for
treatment of a large number of patients with a range of clinical indications. 
Because MSCs traditionally have been generated in cultures that contain fetal bovine serum
(FBS), cryopreservation media for these cells often have incorporated FBS. More recently,
alternatives to gamma-irradiated FBS are being explored for the culture expansion before
cryopreservation, and cryopreservation has been successful in media that contain 5%–10%
DMSO and other components without bovine sources of protein. Although there is no consistent
method of post-thaw cell processing, some protocols include dilution or washing of the cells to
mitigate the effects of DMSO. Emerging clinical applications for MSCs may require repeat dosing
of the cellular product, a practice that requires attention to potential immunogenicity of
components of the cryopreservation medium, e.g., FBS or other proteins. 
Post-thaw assessment of MSCs typically has involved the use of membrane-integrity dyes such
as trypan blue, surface antigen expression, and evidence that the cells are capable of
multilineage differentiation. Because the mechanism of action of MSCs may involve the
immunomodulatory or trophic properties of the cells, post-thaw assessment also should include
relevant cell function.

LYMPHOID CELLS

Lymphocytes are used for a variety of clinical applications including immunotherapy to treat
cancer, viral infection, and autoimmune disease. Therapy based on lymphocytes may consist of
mixed lymphocyte populations or lymphocyte subpopulations that have been selected or
activated ex vivo, e.g., regulatory T cells, natural killer cells, and activated T cells. As with
hematopoietic cells, lymphocytes typically are cryopreserved using a 10% DMSO solution and a

controlled cooling rate of 1 /min. 
Lymphocytes may undergo extensive post-thaw apoptosis, which can influence the clinical
efficacy of the cells. Highly purified populations of lymphocytes may exhibit higher levels of
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post-thaw apoptosis than mixed lymphocyte populations. Strategies such as caspase inhibition
and cytokine rescue have been used to diminish post-thaw apoptosis of lymphocytes.

PRESERVATION OF HUMAN PLURIPOTENT STEM CELL LINES

Pluripotent stem cells (PSCs) are cells that appear to have the capacity to (1) undergo self-
renewal and replicate indefinitely and (2) generate cells that are representative of the three
germ-layer tissues required to create all cells of the human body as demonstrated by the
capacity to generate teratomas in immune-deficient mice. The two predominant types of stem
cell line used for in vitro laboratory research are human embryonic stem cells (hESCs) and
human induced pluripotent stem cells (hiPSCs). hESCs are derived from donated surplus
blastocysts by isolation and culture of the blastocyst inner cell mass (the tissue that would
have progressed to form the embryo). hiPSCs are created by artificial reprogramming of somatic
cells (by the delivery of reprogramming factors using a variety of methods) to yield cells that
express the critical properties of PSCs listed above. hiPSCs can be derived from a range of
somatic cell types using an increasing range of methods to secure expression of certain
reprogramming factors. A range of tissue-derived cultures are known to harbor stem cell
populations in vitro (e.g., subcutaneous fat, bone marrow, cord and blood of the fetal
umbilicus, primordial germ cells from the fetal neural crest, and neural stem cell spheroid
cultures) that have been shown to have a limited capacity for in vitro replication and have not
been established as stable diploid PSC lines. Such cultures will not be covered in this chapter,
and the following sections will deal specifically with hESC and hiPSC lines. 
PSC lines are complex multicomponent cell cultures and may contain a variety of different cell
populations with greater or lesser degrees of differentiation or lineage commitment. However,
the key property of a stem cell culture, self-renewal, must be sustained. In addition, the cells
must retain the capacity to undergo asymmetric division to yield two different daughter cells:
one that is a stem cell identical to the parent cell and one with a reduced degree of potency
(i.e., ability to generate different cell lineages).

Development of Current Methodologies for PSC

Currently, individual labs have their preferred methodology, no single approach appears to
dominate for routine use, and it seems possible to obtain acceptable levels of post-thaw
viability and recovery by either vitrification or controlled slow rate cryopreservation; however,
a common method that results in better cell recovery is described here. Briefly, this technique
involves placing colonies of hESCs in a vitrification solution composed of 20% DMSO + 20%
ethylene glycol (EG) + 0.5 mol/L sucrose after equilibration with lower-concentration DMSO +
EG solutions. The colonies are loaded into straws and plunged into liquid nitrogen. Another
common method involves placing colonies in a solution consisting of 10% (v/v) DMSO and using
either a passive freezing device or a controlled-rate freezer designed to achieve an average

cooling rate of approximately 1 /min. 
Vitrified IPS or hES samples have special storage and shipping requirements. All cryopreserved
or vitrified samples must be stored at temperatures below the glass transition temperature of
the sample, and for vitrified samples this is much lower than for traditionally cryopreserved cell
samples. In addition, fluctuations in temperatures during storage or shipment can lead to
crystallization and therefore degradation of the sample. Because vitrified samples are sensitive
to these temperature fluctuations, they should be shipped at liquid nitrogen temperatures and
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should not be shipped on dry ice. 
Challenges for the reliable and reproducible preservation of PSC lines lie not just in the
preservation process itself but also in the preparation, cryoprotection, and recovery
procedures. Specifically, methods of harvesting and handling before cryopreservation may
result in significant cell losses. Processing procedures should be made as reproducible as
possible and with the use of an SOP to enhance the reproducibility of preservation outcomes.
Furthermore, the effective banking of PSC lines is challenged by the methods by which the cells
typically are passaged and harvested for preservation (i.e., individual colonies dissected and
transferred as small colony fragments to fresh culture flasks for expansion or to preservation
medium for freezing). First, in order to avoid extensive loss of viability in the earlier harvested
cells, cultures used to make a bank actually may require preservation in small batches over a
working day. Second, preparation of PSC banks comprising smaller pools of cell colony
fragments is not only time consuming and laborious, but it also makes it impossible to
homogenize the preparation of cells before aliquoting into vials, as would happen with more
traditional methods of preserving cell lines. Thus, consistency between vials of PSC lines is
compromised. Third, freezing PSCs as colony fragments preserves the gap junctions known to
form between cells, potentially leading to intercellular propagation of ice crystals and extensive
loss of viability. 
To avoid some of these issues, analysts can use enzymatic disaggregation of colonies to
simplify and accelerate cell harvesting and to enable cryopreservation of more homogenous,
single-cell suspensions before preservation. To be prudent, some laboratories choose to
perform enzymatic disaggregation solely before cryopreservation but not for routine culture.
Whenever possible, analysts should use non–animal-sourced enzymatic agents for cell
dissociation. Another important characteristic of PSC lines is the common but variable incidence
of undirected differentiation that occurs within colonies and may vary considerably across the
many colonies in a culture. Colonies with a high proportion of differentiated cells should be
discarded because the differentiated cells are an undesirable component of a PSC culture and
may affect the properties of the undifferentiated cells within the colony.

Points to Consider in the Preservation of PSC Lines

Analysts should consider a number of important factors in the preservation of PSC lines that
should be addressed at the levels of preparation, harvesting, banking, and testing of
cryopreserved stocks.

EVALUATION AND HARVESTING

Analysts should observe cell cultures on a regular basis. Cultures that exhibit high levels of
differentiated cells should be discarded. An individual investigator or banking facility should
have a quality control program that evaluates differentiation of cultures on a regular basis and
develops threshold levels of acceptable differentiation in a culture. The protocol for harvesting
followed by equilibration of the sample with CPAs should be carried out rapidly in order to
minimize cell losses because of harvesting.

THE BANKING PROCESS

Conventional cell banking procedures require the development of MCB and WCB. Cells in the
MCB should be preserved at an early passage number (P10–P20) in order for experimental and
cell line development work to be performed on cells at the lowest possible passage number. The
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first WCB should be established with the minimum passages to achieve the cell number required.
To promote consistency, the WCBs subsequently can be replaced at the same passage level
from the MCB as required.

VIABILITY

Determination of post-thaw viability and function for PSCs can be complicated and is often
done incorrectly. The most common method of post-thaw assessment is use of a membrane
integrity dye. As a measure of viability, the fraction of cells with intact membranes is compared
to those without. Another fairly common method is to quantitate PSC colony formations. The
total number of colonies seeded into a plate is counted and then is counted again after a
certain incubation time. This method also evaluates other functional characteristics of the
cells, such as their ability to attach and proliferate. Note that procedures such as harvesting
and cryopreservation may induce apoptosis. Staining for early (phosphatidylserine on the cell
surface) or later (Annexin VI) apoptotic markers may provide insights into the general health of
frozen and thawed cultures.

HOMOGENEITY

As already described, preservation of colony fragments by vitrification can exacerbate the lack
of homogeneity between vials or straws of cells. When larger banks of PSCs are established,
analysts should test vials from early, middle, and late positions in the filling sequence of the cell
bank for viability, growth rate, and key markers as indicated in Viability.

STEMNESS

In order to check that a PSC line has not lost any of its stem cell characteristics during
preservation, analysts should check expression of a number of key stem cell–related markers.
One extensive study analyzed 59 hESC lines and a panel of 94 genes and resolved five stem
cell–related molecules for which mRNA was expressed consistently in hESCs. These genes now
are included in commercially available microfluidics gene cards that are specifically designed for
investigating stem cell populations. If it is crucial to demonstrate that the PSCs have retained
their pluripotency, then a number of characterization tests can be performed, including
teratoma formation in immune-deficient mice, formation of trilaminar embryoid bodies, and
directed differentiation to demonstrate that the culture can produce representatives of each of
the three germ layer tissues that are required to form all of the cells of the human body.

GENETIC STABILITY

In both iPSC and hESC lines, it is not unusual for clones of abnormal karyotype to arise on
extended passage and overgrow the culture. Thus analysts should monitor cultures for such
abnormal cells. Traditionally, this has been performed by karyotypic studies of metaphase
spreads of the cells using Giemsa staining. The occurrence of nondiploid cells, even at very low
incidence, can be problematic. Guidance documents such as the 2009 International Stem Cell
Banking Initiative are helpful to determine if such cultures should be discarded. However, newer
procedures such as array comparative genome hybridization and single-nucleotide polymorphism
arrays provide much more detailed analysis of genetic stability and can be used in parallel with
Giemsa banding to give greater confidence in genetic stability.

BEST PRACTICES
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In addition to following good cell culture practices, analysts should note the availability of a
specific guidance that contains principles and best practices in the procurement, banking,
testing, and storage of hESCs for research purposes (see the ISCB 2009 reference in the
Appendix). This guidance is useful for both iPSC and hESC lines.

CELL SUBSTRATES USED IN PRODUCTION AND CHARACTERIZATION OF BIOTECHNOLOGY-
DERIVED AND BIOLOGIC THERAPEUTIC PRODUCTS

A wide variety of both recombinant and nonrecombinant cells are cryopreserved and used in
the production and characterization of human biologics and biotechnology-derived (B&B)
products. The major groups include cell lines derived from mammals (including humans), insects
(primarily moths), and selected strains of bacteria and yeast. The most common microbial
substrates used for production of human biotechnology-derived products are recombinant
strains of Escherichia coli, Pichia pastoris, or Saccharomyces spp. (yeasts). Despite the high
degree of diversity among cell types used to manufacture B&B products, there is a surprising
degree of uniformity across cryopreservation practices. 
Typically, a two- or three-tiered cell banking system is used for maintenance of manufacturing
cell lines or microbial strains. For those that use a three-tier system, the first tier bank can be
referred to as a research, seed, stock, accession, pre-MCB, or parent cell bank. The source of
the pre-MCB can be a research or development laboratory, or cells can be purchased from a
commercial repository. The second tier (or first tier in a two-bank system) MCB or Master Cell
Stock (MCS) is prepared directly from this parent cell bank with minimal cell passages or
generations. The MCB or MCS is extensively tested to confirm purity, phenotype, genotype,
protein expression, or virus titers (for vaccines). The WCB or Working Cell Stock (WCS) is
derived from vials of the MCB after successive passages in culture. The WCB is the
manufacturing cell substrate that is scaled up through repeated subcultures to seed the final
production bioreactor, fermenter, or lot of culture vessels (e.g., roller bottles). At each tier in
the cell banking system, proper cryopreservation is paramount to success in both product
development and manufacturing. In some cases, the end of production cells also may be
banked for testing purposes as part of cell bank qualification.

Mammalian and Insect Cell Lines

Mammalian cell lines are the cellular substrates of choice for the production of complex protein
molecules. Mammalian cells possess the intrinsic biological machinery required for
posttranslational glycosylation of proteins that often is critical for stability and bioactivity in
humans. Both diploid and heteroploid cell lines (including hybridomas) are used for production of
biotechnology-derived therapeutics. Diploid cell lines are common vaccine substrates [e.g., WI-
38 and MRC-5 (human fibroblast cell lines)]. Additionally, the African green monkey Vero cell
line (a heteroploid cell line) is used for several US-licensed vaccines. Today, commonly used
heteroploid cell lines include various recombinant Chinese Hamster Ovary and human embryonic
kidney cell lines. Cryopreservation methods are fairly well standardized for these cell lines.
However, investigators may find it useful to investigate the toxicity of different
cryoprotectants and concentrations when they use a new cell substrate. 
Insect cell lines have proven their capability for production of various recombinant
polypeptides. The most common cell lines are derived from the moths, Spodotera frugiperda
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and Trichoplusia ni, and their established cell lines are called Sf9 and Tn5 (or High Five),
respectively. Production of recombinant proteins employs recombinant baculovirus infection for
transfer of heterologous genes. Although insect cell lines require different nutritional factors,
lower incubation temperatures, and higher osmolarity than their mammalian counterparts, the
same essential elements of cryopreservation apply to both groups. 
In addition to the guidance given in the Key Elements of Cryopreservation section, these
additional points should be considered for animal cell line substrates:

PREFREEZE PROCESSING

Analysts should ensure a cell line is tested and free of detectable contaminants, e.g.,
mycoplasma, bacteria, fungi, and viruses. Cells are propagated to logarithmic growth phase
using cell-line–specified growth conditions and are examined microscopically for signs of
abnormal growth or contaminants and to confirm the presence of mitotic cells. For diploid cells,
analysts should grow to a passage level to maintain diploidy and below the intended level for
use. Analysts pool cell cultures and perform a cell count to determine the number of viable cells
available for banking. Harvested cells are centrifuged at a relatively low speed for a short
duration, e.g., 100–200 × g for 5–10 min, preferably using a refrigerated centrifuge.

CPAS AND CRYOCONTAINERS

The membrane-permeable CPA of choice is 5%–10% (v/v) DMSO diluted in fresh growth
medium. For certain sensitive cell lines, cell culture–conditioned medium can be added to
supplement the cryopreservation medium. DMSO must be sterile and tissue-culture grade (>
99% purity and endotoxin free). The most appropriate cryocontainer is a presterilized
polypropylene screw-cap vial designed for cryogenic storage in vapor phase liquid nitrogen.
Labels must provide unique identification of the cell bank including at least a lot number that is
traceable to a manufacturing batch record.

INTRODUCTION OF CRYOPRESERVATION MEDIUM

Immediately following centrifugation of cells, growth medium is decanted from cell pellets, and
cells are gently resuspended by slow addition of cold cryopreservation medium. The cell
suspension is immediately diluted with an appropriate volume of cryopreservation medium based
on viable cell count and targeted cell density (typically, cell banks are produced at a viable cell
density of approximately 1 × 107 cells/mL). As mentioned in the previous section,
cryopreservation medium is highly hypertonic, and exposure time should be limited. The final cell
suspension is transferred to a vessel in which the cells can be gently mixed during vial filling to
facilitate uniformity of the cell bank.

COOLING AND CONTROLLED FREEZING AND STORAGE

Vials can be filled manually by using a hand-held pipetting device or by using an automated
vial-filling machine. In either case, vials should be refrigerated as the filling progresses in order
to minimize potential toxic effects of DMSO at higher temperatures. Immediately after the vials
are filled, analysts should transfer them into a controlled-rate freezer or, alternatively, into an

ultracold static freezer (e.g., 80 ) using an insulated container designed for controlled
cooling. Any controlled freezing system should be properly qualified to ensure expected cooling
rates are delivered to all vials within the load. When using a controlled-rate freezer, analysts
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determine optimal cooling programs empirically, but a rate in the range of 1 –5 /min after

transition through heat of fusion should be acceptable for most cell lines (beyond about 40 ,

the rate can be increased, e.g., 10 /min). After vials have been frozen to approximately 80
or below in the freezing system, they are transferred as quickly as possible to liquid-nitrogen
vapor phase storage units.

WARMING AND VIAL THAWING

In general, cells frozen at a slow cooling rate should be thawed as quickly as possible to
maximize cell viability. In order to ensure uniformity of temperature, vials should be transferred
directly from liquid-nitrogen vapor phase storage into a portable vapor phase (dry) shipper for
transport to the laboratory. If a liquid-nitrogen Dewar is not available, then vials can be packed
in dry ice. After transfer to the laboratory, vials are placed directly into a warm water bath

(e.g., 37 ), making sure caps are not immersed. Note that insect cell lines should be thawed at

27 –30 . Vials should be agitated to facilitate uniform thawing of cells. Immediately after
thawing, vials should be transferred into the biological safety cabinet and sanitized before
opening. Typically, growth medium is slowly added to thawed cells while agitating to dilute
DMSO and to slowly reduce the osmolarity of the post-thaw milieu back to a physiological level.

POST-THAW PROCESSING

Different methods can accomplish this step, but analysts should achieve sufficient dilution of
the DMSO and return the cells to their normal isotonic growth environment. Manipulation of
cells immediately post-thaw should be minimized because of the stresses induced by the
freeze–thaw process. For example, pipetting should be minimized, and centrifugation should be
avoided.

MICROBIAL STRAINS: E. COLI, YEAST, AND BACTERIAL VACCINE STRAINS

Recombinant E. coli strains have a proven track record for production of a number of
commercially viable biotechnology-derived products, including recombinant insulin analogs,
human growth hormone, and parathyroid hormone. Compared to their mammalian and insect
counterparts, recombinant E. coli strains are relatively simple to grow and scale up to large
volumes, e.g., 40,000 L. However, bacteria lack the sophisticated cellular machinery for building
more complex protein molecules that require posttranslational modifications such as
glycosylation. Yeasts are unicellular, eukaryotic cells that can be manipulated genetically to
produce a wide range of recombinant proteins and peptides with limited complexity. Despite the
evolutionary distances between the mammalian and microbial cell substrates, the same set of
essential cryopreservation elements described above apply, with the following unique points:

PREFREEZE PROCESSING

Cultures should be propagated in shake flasks to late logarithmic or early stationary phase using
strain-specific growth conditions.

CPAS AND CRYOCONTAINERS

The cell wall or cell membrane-permeable CPA of choice is glycerol at concentrations typically
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ranging from 5%–10% (v/v). Synthetic glycerin should be used for registration of commercial
products along with other raw materials that are free of animal components.

INTRODUCTION OF CRYOPRESERVATION MEDIUM

Because microbial cells possess cell walls for protection and support of cytoplasmic contents,
physical manipulation and osmotic shifts do not have the same negative impact seen in animal
cell lines. Immediately after centrifugation, cell pellets are vigorously resuspended in the
cryopreservation medium (to a dilution based on requirements of the cell bank for number of
vials and viable colony-forming units/mL). This dilution step can be based on active
measurement of culture optical density or other cell enumeration assays. The final cell
suspension is transferred to a vessel in which the cells can be vigorously mixed during vial filling
to facilitate uniformity of the cell bank. Because of potential toxicity, analysts should limit the
time of exposure to glycerol, despite the relative robustness of microbial cells. Vials can be
filled manually by using a hand-held pipetting device or by using an automated vial-filling
machine.

COOLING AND CONTROLLED FREEZING AND STORAGE

Again, because of their inherent robustness, microbial cells do not require as strict control of
cooling rate as do animal cell lines. Consequently, the choice of freezing system or method has
a smaller effect on the viability of the cell bank. Filled vials simply can be transferred into an

approximately 80  freezer overnight followed by transfer to vapor phase liquid nitrogen.

Alternatively, microbial cell banks can be maintained and stored at approximately 80 .
However, if liquid-nitrogen storage is available, it is preferred for long-term storage (e.g.,
years). If a controlled-rate freezer is employed, then it should be fully qualified to deliver a

uniform cooling rate that is within an expected range, e.g., 1 –5 /min.

WARMING AND VIAL THAWING

Controlling the rates of cooling and warming is less critical for microbial cells, but the cells still

should be thawed as quickly as possible using a warm water bath (e.g., 30 –35 ).
Temperatures can be adjusted to the incubation temperature of the strain.

POST-THAW PROCESSING

Growth medium is added to dilute the thawed cells to a desired level of colony-forming units/mL
and to induce removal of intracellular glycerol. 
All cells are not created equal and are divergent by nature. A broad span of evolutionary time
separates the various cell substrates used for manufacture of human B&B products. Fortunately
for the practitioner of industrial cell culture, cryopreservation strategies converge to a set of
shared principles and methods that translate across evolutionary paths.

APPENDIX

FDA. Guidance for industry: characterization and qualification of cell substrates and
other biological materials used in the production of viral vaccines for infectious disease
indications. 2010.
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BRIEFING

1229.4  Sterilizing Filtration of Liquids. The USP General Chapters—Microbiology Expert
Committee has proposed separating the current general chapter Sterilization and Sterility

Assurance of Compendial Articles 1211  into several individual chapters. A recent Stimuli
article provides background information about the planned revisions (1). The new general
information chapter proposed here addresses sterilizing filtration of liquids.

This proposed chapter, Sterilizing Filtration of Liquids 1229.4 , provides an overview of (1)
various factors that affect the filtration process, (2) filtration conditions, (3) validation, (4) the
filter integrity test, (5) when to test integrity, (6) prefiltration bioburden control, (7)
responsibilities of the filter manufacturer and user, and (8) troubleshooting the filtration
process.

(GCM: R. Tirumalai.)
Correspondence Number—C126022

Comment deadline: May 31, 2013

Add the following:

1229.4  STERILIZING FILTRATION OF LIQUIDS

INTRODUCTION

Sterilization processes are divided broadly into two categories: destruction of microorganisms
and their physical removal from the material to be sterilized. Autoclaving is an example of the
former, and sterilizing filtration is an example of the latter. The physical removal of
microorganisms depends on the upstream bioburden, the properties of the solution, the filtration
conditions, and the filter itself. 
Sterilizing filtration is a process that can be validated to consistently yield filtrates that are

sterile, as defined in Sterilization of Compendial Articles 1229 . Removal of viruses is not
considered in this context. When virus control is a concern, manufacturers should ensure viral

1S (USP37)

PF 39(2): Mar.-Apr. 2013 87



exclusion in raw materials and viral clearance in active ingredients, intermediates, and finished
materials. The chapter proposed here provides an overview of (1) various factors that affect
the filtration process, (2) the filter integrity test and when to perform it, (3) prefiltration
bioburden control, (4) responsibilities of the filter manufacturer and user, and (5)
troubleshooting the filtration process. 
Multiple factors contribute to the effectiveness of any sterilizing filtration process. These
include the type and number of microorganisms, the properties of the liquid, the filter design
and membrane polymer, and the filtration process parameters. Properties of the liquid that
influence filtration effectiveness include its chemistry, viscosity, surface tension, pH,
osmolarity, ionic strength, and temperature, as well as the presence of insoluble materials.
Aspects of the filter that affect the filtration include effective filter area, nominal pore size,
pore-size distribution, membrane thickness, porosity, membrane polymer, filter pleat density,
nonwoven support layers, electrostatic charge, and the hydrophilic nature of the filter
membrane. The filtration process parameters that influence microbial retention include
temperature, flow rate, volume, filtration time, differential pressure, and pressure pulsations. 
Additionally, effective sterilizing filtration depends on (1) the production controls and quality
assurance systems used by the filter manufacturer to ensure the quality and uniformity of the
filter membranes and fabricated filters, (2) the qualification and validation studies conducted by
the filter user to demonstrate that the chosen sterilizing filtration process achieves a sterile
filtrate, (3) effective controls to ensure that prefiltration bioburden and operating parameters
remain within the validated ranges, and (4) filter integrity. Manufacturers should ensure that
the filtrate remains sterile by using validated filtration equipment sterilization processes and
effective aseptic handling of the sterilized materials. Manufacturers should consider placement
of the filter (e.g., proximity to the filling line or hold tank) to minimize the possibility of post-
filtration contamination.

Sterilizing-Grade Filters

A sterilizing-grade filter is defined as one that is capable of retaining a minimum 1 × 107 CFU of
B. diminuta (ATCC 19146) per square centimeter of available filter area when tested in
accordance with ASTM F838-05, Standard Test Method for Determining Bacterial Retention of
Membrane Filters Utilized for Liquid Filtration (2). 
The designation “sterilizing grade” implies a sterilizing action only if other conditions are met,
including the integrity test specification established and validated by the user (see Validation,
below). 
Sterilizing-grade filters typically are microporous membranes that have nominal pore-size ratings
of about 0.2 µm. These membranes are fabricated with various materials, have relatively narrow
pore-size distributions, and can be integrity tested. The integrity test results can be correlated
with microbial retention. Membrane filters that have a nominal pore size of 0.45 µm can be
validated to produce sterile filtrates under some conditions; for example, some liquids require
high differential pressures to achieve useful flow rates, and these pressures are not suitable for
use with 0.2µm–rated filters. When manufacturers use 0.45-µm filters, they should ensure
particularly stringent control of presterilization bioburden.

Retention Mechanisms

Microporous membranes remove microorganisms from the liquid by two primary mechanisms:
sieve retention, which relies on physical blockage of particles that are larger than the pores
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they encounter, and adsorption, which is a charge-related phenomenon whereby particles are
bound to the membrane surfaces. Manufacturers should consider both mechanisms when they
develop, qualify, and validate sterilizing filtration processes. 
Sieve retention, for the most part, is independent of filtration conditions and the microbial
challenge level, but the composition of the liquid, temperature, and filtration conditions can
affect sieve retention under certain conditions. For example, high ionic strength and osmolarity
can draw water from microbial cells, reducing their size, and high pressures and flow rates can
squeeze microorganisms through the filter’s pores (3). 
Adsorption is a charge-related phenomenon that is influenced by the composition of the
membrane, the properties of the filtered liquid, the filtration conditions, and the number and
type of microorganisms present in the liquid. 
The number and type of microorganisms and other particles present in the material to be
filtered can affect retention. Sieve retention implies that every microorganism is larger than the
largest pore in the filter. Microorganisms and filter pores are not uniform in size, and some
microorganisms may be smaller than the largest pores. Even if a microorganism is smaller than
the pore it encounters, it may be retained if a site is available and the filtration conditions are
conducive to adsorption. Retention probability is related to the number of microorganisms in the
upstream bioburden (4,5).

FACTORS THAT AFFECT RETENTION

Nature of Pores

Microporous membranes consist of a polymer matrix that is penetrated by interstices commonly
referred to as pores. Compared with those in depth filters, the pores in microporous membranes
have a relatively narrow size distribution. The size, number, and shape of the pores determine
the filter’s retention capabilities. With the exception of the pores in track-etched filter
membranes, pores are not cylindrical; they are made up of a series of pseudopolyhedral
structures with varying internal diameters (6). 
The pore size, pore-size distribution, and membrane porosity are a function of the
manufacturing process. Careful design and control of that process are necessary to ensure that
the resulting membrane has the desired integrity test value, microbial retention capability, and
uniformity.

Nature of Microorganisms

Microorganisms have a variety of shapes and sizes. If the microorganism encounters a
membrane pore that is smaller than its smallest diameter, the microorganism likely will be
captured by sieve retention. If, however, the microorganism is smaller than the pore it
encounters, it may be retained by adsorption if the residence time, electrostatic charge, pH,
fluid chemistry, and membrane material are conducive to adsorption. 
Microorganisms are deformable, so that at high-pressure differentials or flow rates a
microorganism may be forced through a filter pore that is only slightly smaller than the organism
(7). Mollicute bacteria lack cell walls and thus are small and pliable enough to pass through
filter membranes under certain conditions. 
Grow-through (i.e., passage of microorganisms through a filter as a function of time) may result
from one or more scenarios. The microorganism may penetrate as it multiplies: a parent cell
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divides into two smaller daughter cells that negotiate pore passageways. Penetration can occur
with time, because the increasing number of microorganisms overwhelms the few larger pores
that are encountered. However, because of the limited time periods typically involved, the
controls on bioburden, and the often limited availability of nutrients, grow-through is considered

a rare phenomenon in pharmaceutical processes (see Bioburden Monitoring 1229.3 ) (8).

Composition and Structure of the Filter Matrix

Several factors related to the filter matrix can affect microbial retention. These include the
material from which the filter is made, the pore size and pore-size distribution, whether the
membrane is isotropic or anisotropic (i.e., whether the pore size on each surface of the
membrane is the same), membrane thickness, and whether the membrane consists of single or
multiple layers. 
The membrane material is especially important if adsorption is a significant mechanism in a
particular filtration scheme. For example, polyamide exhibits stronger microbial adsorption than
does cellulose ester (3). 
Microporous membranes that have a relatively wide pore-size distribution are less likely to
retain microorganisms, particularly at high challenge levels, than membranes of comparable
pore-size ratings with narrower pore-size distributions. This relates to the probability of a
microorganism’s encountering a pore larger than itself. 
Thicker membranes generally are more retentive than thinner membranes of the same type and
pore-size rating, owing to the higher probability of entrapment or adsorption within the pore
structure because of the increased distance that bacteria must travel in thicker membranes.
This distance favors entrapment, as does increased residence time within the pore, which
favors adsorptive retention. 
Multilayered membranes exhibit higher retention than do single-layered membranes of the same
thickness because the overall pore-size distribution is narrowed, which relates to the probability
of a larger pore being congruent to a smaller pore in the adjoining layer(s).

Composition of the Filtered Solution

The composition of the filtered solution can adversely affect the membrane material if an
incompatibility exists, and if adsorption is a significant retention mechanism, then solution
properties such as pH and the presence of surfactants become important. 
Surface charge and ionic strength are important variables. Bacterial and membrane surfaces in
aqueous media are negatively charged, resulting in repulsion. The repulsive force is balanced by
attractive forces, which include hydrophobic surface energy minimizing forces, operative only
over short distances, and hydrogen bonding. High ionic strength allows the surfaces to close—
because of discharge through the electrolyte—to the point where hydrophobic adsorption can
occur (3). Also, high ionic strength can draw water out of the cell, reducing its size, which may
lower the probability of retention, depending upon the composition of the prefiltration
bioburden. Surface tension and the presence of surfactants influence retention. Adsorption of
surfactant by the filter and the microorganism creates repulsion, leading to a decreased
probability of retention. Surfactants in concentrations as low as 0.05% have been shown to
inhibit adsorption and decrease the retention of latex spheres (9).

Filtration Conditions
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Differential pressure, flow rate, and temperature are among the factors that can affect
microbial retention. Hydraulic shock should be avoided, not only because it affects pressure
differential and flow rate but also because it can damage the filter. Flow rate is proportional to
differential pressure, and higher flow rates reduce adsorption because the contact time is
reduced (10). 
Microbial retention may be reduced at higher temperatures when these result in higher flow
rates (temperature increases normally reduce the viscosity and result in higher flow rates).
Temperature effects are not significant in filters where sieve retention is the primary removal
mechanism.

Filter Efficacy: Log Reduction Value

Filtration efficacy can be defined in terms of a log reduction value, which is the logarithm of the
quotient produced by dividing the upstream challenge population by the recovered downstream
population. 
The log reduction value is influenced by the number and size of the challenge microorganisms,
the filter design and membrane polymer, the filtration process parameters, and the properties of
the solution. 
To determine the specific log reduction value of a filter, the challenge test should permit some
passage of the test microorganism through the filter in order to produce a denominator.
Sterilizing-grade membrane filters should not permit passage of the challenge microorganisms.
For this reason the log reduction value of sterilizing-grade filters is described as greater than
the log of the challenge population.

Validation

As noted, microbial retention in sterilizing filtration relies on a combination of sieve retention
and adsorption. Validation of sterilizing filtration therefore requires determination of the effect
of the liquid on the filter, determination of the effect of the filter on the liquid, and
demonstration that the filter can consistently yield sterile solutions under the intended
conditions of use. The liquid to be filtered can affect the pore structure of the membrane, can
have electrostatic properties different from the standard challenge suspension used to establish
integrity test specifications, and can change the size and shape of the challenge
microorganisms. Factors that should be considered when developing a sterilizing-filtration
validation protocol include the surface tension, pH, temperature, and osmolarity of the liquid to
be filtered; the compatibility of the material or solution components with the filter itself; the
pressures, flow rates, and hydraulic shock likely to be encountered; and the maximum filtration
time. The effect of sterilization (steam, radiation, or gas) on the filter’s retention capability also
should be considered. 
B. diminuta (ATCC 19146) is used as the challenge organism unless it is not viable in the liquid
to be filtered. Viability studies should be used to confirm that the liquid has no adverse effects
on the challenge organism. If the challenge organism is viable in the liquid to be filtered, the
liquid should be inoculated to achieve a challenge level of 1 × 107 CFU/cm2, and the filtrate
should be evaluated for the presence of the challenge organism. If B. diminuta is not viable in
the liquid, several options are available, and analysts can (1) modify the liquid to ensure the
viability of the challenge organism (e.g., adjust pH or remove the bactericidal component), (2)
reduce the exposure time to ensure that the challenge organism remains viable, or (3) change
the challenge organism from B. diminuta to one that has been isolated from the liquid to be
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filtered. These studies should employ production process pressure differentials or process flux
values as appropriate. 
If possible, the liquid to be filtered should be used because in some instances the challenge
organism has penetrated a filter in contact with the liquid but has been retained by the same
filter when inoculated into a surrogate fluid (11). 
Three different lots of filter membranes should be used for the microbial retention studies. The
filters should have preuse integrity test values that are near the filter manufacturer’s
specification in order to minimize the possibility that production filters will fail to meet the
integrity test value established during the validation exercise. Successful microbial challenge
studies result in no microorganisms detectable in the filtrate. The sterilization process for the
filter, its housing, and associated equipment should be validated. The filter should be sterilized
within its housing rather than relying on aseptic assembly following sterilization of the filtration
system components. The assembled filtration apparatus can be steam sterilized in an
autoclave, using a vacuum cycle, and with particular attention to the orientation of the
housing to allow condensate drainage and to wrapping to allow steam penetration. Validated
steam sterilization-in-place cycles also can be used. 
Sterilization methods and cycles should be carefully chosen and designed to preclude damage
to the filter. Pre- and poststerilization integrity testing can be used to confirm that the
sterilization procedure does not change the integrity test value and to demonstrate that the
sterilization process does not damage the filter. 
Finally, the scale of the validation approach should be considered. Two approaches are
common. One uses a small section of membrane material, typically a 47-mm disk, to represent
the filter. This approach validates the microbial retention capability of the membrane. A second
approach uses the intended filter configuration, typically a 10-inch cartridge in its housing. This
approach validates the filter system performance in addition to the retention capability of the
membrane material. Analysts should consider the volume of the test liquid and operational
considerations when they choose which approach to use.

Integrity Testing Principles and Methods

Integrity testing can be used to show that a filter has the correct pore-size rating, is installed
properly in its housing, and has not been damaged by the process used to sterilize it. These
integrity test methods generally rely on detecting gas flow caused by pressure differential
across a wetted membrane. Figure 1 shows the relationship between gas flow and pressure
differential for high-surface-area and low-surface-area membranes (a 47-mm membrane disk
can be considered low surface area, and a multicartridge array of 10-inch cartridge filters can
be considered high surface area).

Figure 1. Relationship between gas flow and pressure differential for high-surface-area and low-
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surface-area membranes (see the section Integrity Testing Principles and Methods for
definitions).

A filter that successfully passes an integrity test based on specifications developed during an
effective sterilizing filtration validation study is capable of producing a sterile filtrate. 
Integrity test methods for microporous membrane filters include bubble point, diffusive flow, and
pressure hold. Membrane type and size and the particular filtration process influence the choice
of an appropriate integrity test method. The sensitivity of the bubble point test decreases with
increasing filter area because of increasing diffusive flow. Bubble point, diffusive flow, and
pressure-hold integrity tests are used for hydrophilic microporous membrane filters. As shown in
Figure 1, diffusive flow occurs at pressures below the bubble point, and bulk flow takes place
above the bubble point. The bubble point marks the transition between diffusive flow and bulk
flow. The bubble point is difficult to detect in high-surface-area filters, because the high
membrane surface area generates significant diffusion. Integrity testing may be performed
manually or by automated equipment designed specifically for that purpose.

BUBBLE POINT

The bubble point occurs when a gas displaces a wetting liquid from the largest membrane
pores, resulting in bulk gas flow through those pores. The flow is evidenced by a steady stream
of bubbles through a column of water on the downstream side of the membrane. 
The bubble point relates to the pore size of the membrane and the contact angle that the
wetting liquid makes with the pore wall. Bubble point is indirectly proportional to membrane pore
size and is directly proportional to the surface tension of the wetting liquid; that is, filters with
smaller pores have higher bubble points than those with larger pores, and liquids that easily wet
the membrane exhibit higher bubble points than those that do not. Bubble point is defined 

P = 4 cos /D

P = pressure to evacuate the pore 

 = surface tension 

 = angle of wetting 
D = pore diameter

Microbial retention and bubble point correlate: numerous studies have demonstrated that when
the microbial reduction ratio is plotted against the bubble point, a line of constant slope results
(12). 
The actual bubble point is independent of the membrane surface area, but diffusive flow
through high-surface-area filters can mask the true bubble point. The bubble point test is easy
to perform on small- to medium-scale filters, the test time is short, and temperature effects are
minor. Manual bubble point testing requires manipulation of the downstream side of the filter
and is subjective.

DIFFUSIVE FLOW

In diffusive flow testing a wetted filter provides a liquid layer across which gas can flow by
means of diffusion. Diffusive flow is measured directly at constant pressure. 
Diffusive flow is proportional to the differential pressure of the test gas, the diffusivity of the
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test gas in the wetting liquid, the thickness (depth) of the wetting liquid, the porosity (i.e.,
void volume) of the membrane, and the effective filtration area. Diffusive flow is defined by
Fick’s Law of Diffusion, shown as

N = [DH (p1  p2)]/L × 

N = permeation rate (moles of gas per unit time) 
D = diffusivity of the gas in the liquid 
H = solubility coefficient of the gas 

p1  p2 = transmembrane pressure (differential pressure) 
L = thickness of liquid in the membrane 

 = void volume (porosity) of the membrane

Unlike the bubble point test, diffusive flow testing measures gas flow through all the wetted
pores, and thus diffusive flow does not correlate directly with microbial retention. However,
bacterial challenge tests with a series of filters that have decreasing diffusion rates show that
a gas diffusion rate exists below which sterile filtrates are obtained. 
Diffusive flow testing is highly sensitive, especially for higher-surface-area membranes. Larger
pores or flaws can be detected by a thinning of the liquid layer and correspondingly higher
diffusive flow rates. Diffusive flow testing is useful for membranes with small pore sizes (e.g.,
0.1 µm and smaller) because of the high pressures required for bubble point testing. Diffusive
flow testing measures flow across the total pore volume, which may mask a flaw, especially in
high-surface-area multiple-cartridge arrays (13). This test also is highly sensitive to
temperature.

PRESSURE HOLD

The pressure hold integrity test is a variation of the diffusive flow test. The wetted membrane
provides a liquid layer across which gas can flow by means of diffusion. The gas flow is
proportional to differential pressure and is measured by pressure decay on the upstream side of
the membrane. 
The rate of pressure decay is influenced by upstream volume of the particular holder–filter
combination, valve placement, and tubing volume. Temperature should remain constant
because of the relationship between temperature and pressure defined by the ideal gas law. 
Conversion of pressure decay test results to diffusive flow values allows correlation with
microbial retention. Analysts establish the relationship between pressure decay and diffusive
flow by calculating diffusive flow on the basis of pressure drop per unit time, with a known
upstream volume and reference pressure. Diffusive flow as it relates to pressure decay is shown
as

D = [(p1V1)/(p0t)]ln[p1/(p2  Dp)]

D = diffusion 
p1 = starting test pressure 
V1 = upstream volume of filter system 
p0 = atmospheric pressure 
t = test time 
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p2 = ending test pressure 

Dp = p1  p2

The advantages and disadvantages of the pressure-hold test are similar to those of the
diffusive flow test. The pressure-hold test has the additional abilities of revealing imperfections
in the assembly and sealing of the housing and filter seating and avoiding downstream
manipulation. Its disadvantages are that it is strongly influenced by temperature and that
accurate measurement of the upstream volume is required (14).

When to Test Integrity

The decision not to perform preuse, presterilization integrity testing should be based on a
formal risk assessment. 
Pre-use, post-sterilization integrity testing may create an unnecessary risk for microbial
contamination of the filter and associated downstream tubing and equipment. Pre-use post-
sterilization integrity testing is unnecessary if effective validation studies have demonstrated
that the process for sterilizing the filter does not affect the integrity test value of the filter. 
Post-filtration integrity testing should be conducted to ensure that the filter was not damaged
during the filtration process.

PRE-FILTRATION BIOBURDEN CONTROL

The bioburden removal capability depends on the available filter retention capacity, which is a
function of the inherent bioburden load present in the entire volume of the liquid to be filtered
and the effective filter surface area. Studies have demonstrated that microbial retention in
sterilizing filtration is a function of the upstream bioburden (3,15,16). Also, nonviable
particulate matter that may be present in the solution can influence the retentive capacity of
the filter (17). Therefore, the prefiltration bioburden and particulate levels of the solution
should be minimized and controlled before the final sterilizing filtration step. 
Various filter configurations and processes can be used to control the bioburden and nonviable
particulate levels presented to the final, sterilizing-grade filter. One configuration is a multifilter
arrangement that consists of two sterilizing-grade filters (or a bioburden reduction filter
followed by a sterilizing-grade filter) connected in series (Figure 2).

Figure 2. Multifilter configuration to control bioburden and nonviable particulates.

Another configuration appropriate for prefiltration bioburden control uses two filtration steps
separated in time: the liquid is sterile-filtered into a sterilized tank, where it is then held before
a final, sterilizing filtration (Figure 3).
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Figure 3. Bioburden control using two filtration steps.

In each of these scenarios, the bioburden and particulate levels presented to the final,
sterilizing-grade filter are low and are controlled by prefiltration. 
When the process results in a consistently low and controlled prefiltration bioburden, use of a
single sterilizing-grade filter is appropriate. 
Irrespective of the strategy employed, validation studies should demonstrate the capability to
consistently achieve the requisite levels of prefiltration bioburden and particulate level
reduction and control.

RESPONSIBILITIES

Filter Manufacturer

The filter manufacturer is responsible for ensuring that the filter production process has been
validated and is well controlled and that the sterilizing-grade filters meet the requirements of
ASTM F838-05. The filter manufacturer determines the integrity test specification for the
filters, usually adding a safety factor to ensure that each filter will meet that specification. The
filter manufacturer conducts extractable and leachable studies to ensure that the filter does
not contain objectionable levels of these materials. The filter manufacturer provides technical
support and troubleshooting advice if the filter user encounters a problem.

Filter User

The filter user is responsible for establishing microbial retention at the validated integrity test
value, establishing microbial retention in the liquid to be filtered, and validating the use and
sterilization of the filter and housing. The filter user is responsible for determining that the filter
is not additive or extractive to the extent that the filtered liquid is adversely affected.

TROUBLESHOOTING

Failure of a filter to pass an integrity test may mean that the filter is damaged, is improperly
sealed in the housing, is incompletely wetted, or is nonintegral. It also could mean that the
filter is incorrectly labeled (e.g., has the wrong pore size) or that the integrity test apparatus
has been improperly set up or calibrated. 
The cause of an integrity test failure can be determined by evaluating the test setup, test
parameters, wetting fluid, and wetting procedure; ensuring that the system is leak-free and the
temperature is constant; and ensuring that the test equipment has been properly calibrated. 
If the cause of the failure cannot be determined, analysts can rewet the filter and repeat the
integrity test, increasing flush time, flush volume, and pressure differential. It may be beneficial
to use a lower surface tension reference fluid (e.g., 70% isopropyl alcohol). If the filter fails the
integrity test using the reference fluid, it should be considered nonintegral.
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BRIEFING

1229.10  Radiation Sterilization. The USP General Chapters—Microbiology Expert

Committee has proposed splitting Sterilization and Sterility Assurance of Compendial Articles 

1211  into several individual chapters (see the Stimuli article in PF 38(2) for background
information about the planned revisions). As a result, the Expert Committee presents this new

proposed general information chapter: Radiation Sterilization 1229.10 .
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The rapid proliferation of medical devices that are unable to withstand heat sterilization and
concerns about the safety of ethylene oxide have resulted in increasing applications of
radiation sterilization. This method also may be applicable to drug substances and final dosage
forms. The advantages of sterilization by irradiation include low chemical reactivity, low
measurable residues, and fewer variables to be controlled. In fact, radiation sterilization is
unique because the basis of control is essentially the absorbed radiation dose, which can be
precisely measured.

Various forms of radiation are used, but the majority of applications involve either gamma
rays or electron beams. Other radiation sterilization methods include x-rays and ultraviolet light.
The effects of radiation on materials can be substantial, and they are a major consideration
when manufacturers select radiation as a processing method.

This proposed chapter provides an overview of radiation sterilization and its validation,
including dose setting, material compatibility, and dose verification.

(GCM: R. Tirumalai.)
Correspondence Number—C126021

Comment deadline: May 31, 2013

Add the following:

1229.10  RADIATION STERILIZATION

INTRODUCTION

Radiation sterilization uses the lethal effect of various forms of radiation as a means of microbial
destruction. Radiation sterilization is used extensively in the medical device field and
increasingly is used elsewhere for the sterilization of a variety of materials and products.
Various forms of radiation are used, but the majority of applications employ either gamma rays
or electron beams. Other radiation sterilization methods use x-rays and ultraviolet light. This
chapter provides an overview of radiation sterilization and its validation, including dose setting,
material compatibility, and dose verification. 
The effects of radiation on materials can be substantial and are a major consideration when
manufacturers select radiation as a processing method. The advantages of sterilization by
irradiation include simplicity, absence of mechanical complexity, reproducibility, and overall
efficiency. In fact, radiation sterilization is unique because the basis of control essentially is the
absorbed radiation dose, which can be precisely measured. Methods used to establish
appropriate radiation doses to achieve the desired sterility assurance level are defined in ISO
11137-1 Sterilization of Health Care Products. These methods include Method 1, Method 2A,
Method 2B, and Method VDmax, which differ in the specific testing scheme and the number of
articles that are needed for testing and are based on certain assumptions about bioburden. The
use of a biological indicator is inappropriate during radiation sterilization because there are
accurate correlations between dose measurement and microbial destruction for a wide range of
microorganisms. These correlations have been developed by the medical device industry and
provide a direct methodology for process control. Dosimetry plays a central role in radiation
sterilization and serves as a direct means for affirming process lethality. The radiation dose
measured in kGy (formerly mRads) is directly related to the lethal effects of the radiation on
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microorganisms. The measured dose has the same utility as F0 in steam sterilization. Routine
process control for radiation sterilization is provided by one or more reference dosimeters on
the exterior of the packages (after dosimeters have been correlated during validation with dose
measurement inside the package). The robustness and reliability of the absorbed dose of the
article to be sterilized can support parametric release, as described in Terminally Sterilized

Pharmaceutical Products—Parametric Release 1222 , for many items.

GAMMA STERILIZATION

Gamma sterilization entails the use of a specifically designed facility where items to be sterilized
are exposed to a Co60 radiation source in a manner that ensures uniform dosing. Highly
penetrating photons (gamma rays) are emitted from Co60 as it decays to Ni60. The half-life for
this isotope is 5.25 years, which means that over the course of each year the source loses
about 12% of its radioactivity. This steady reduction in radioactivity requires that radiation
process operators adjust their process controls (typically exposure time) to maintain the
established dose required. Periodically, additional Co60 is required to maintain practical
throughput.

X-RAY STERILIZATION

X-ray sterilizers generate highly penetrative photons similar to the gamma photons from Co60

irradiators. X-ray photons are generated when accelerated electrons impact a target such as
tantalum. These systems rely on scanning of materials with x-ray photons in order to sterilize
them. Properly maintained, these systems deliver a constant dose, so there is no change in
dose with respect to time. No local radioactive source is required for x-ray sterilization
systems.

E-BEAM STERILIZATION

Electron beam equipment is available for use in batch or continuous sterilization. These systems
rely on scanning of objects with focused electrons to sterilize the items within a defined
radiation field. Properly maintained and controlled, these systems deliver a constant dose, so
there is no change in dose with respect to time. The principal advantages of electron beam
sterilization are a much higher dose rate and the absence of a localized radioactive source.
These systems are smaller and can be installed and operated by the end user. Electron beam
penetration is substantially less than that obtained with photons, and therefore dose mapping
is critical to ensure that items of varying density and complexity are properly sterilized.
Because of the high dose rates used with electron beam sterilization, some materials can
experience significantly higher temperatures than the same materials would experience in Co60

irradiation.

VALIDATION OF RADIATION STERILIZATION
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Cycle development for radiation requires the identification of an appropriate radiation dose for
the objects and confirmation that the dose does not adversely affect the material's essential
quality attributes. In other words, analysts should identify the minimum sterilization dose as
well as the maximum dose the material can withstand without negative effects. With this
information analysts can set the dose for a specific radiation sterilization application. 
Dose setting or dose establishment typically is achieved by following one of the ISO methods.
These are Method 1, Method 2A, Method 2B, and Method VDmax. The choice of the most
appropriate method depends chiefly on production batch size, knowledge of the normal
bioburden, and the product's sensitivity to radiation. Dose mapping plays an important role
through the cycle development and dose-setting exercise.

Dose Setting

Method 1 is based upon the comparison of the dose and the radiation resistance of the
microbial population. The resistance of the microbial population is not determined, and dose
setting is based on a standard radiation resistance assigned to the microbial population, derived
from data obtained from medical device manufacturers and from the literature. This analysis
assumes that the distribution of standard resistance represents a more severe challenge than
the natural microbial population on the product to be sterilized. A verification dose study should
confirm the relative resistance assumption. After verification, analysts read the appropriate
radiation sterilization dose from a table. The VDmax method is similar to Method 1 (it requires
both bioburden and dose verification testing) but relies on low bioburden (< 1000 CFUs per
product for a 25-kGy sterilization dose and, for example, 0.1–1.5 CFUs per product for a 15-kGy
sterilization dose). 
The more complex Method 2 does not require the enumeration of the microbial population but
uses a series of incremental dose exposures to establish a dose so that approximately 1 out of
100 samples irradiated at that dose will be nonsterile. This is not the sterilization dose, but it
provides the basis to determine the sterilization dose by extrapolation from the incremental
dose that yields 1 out of 100 nonsterile samples.

Material Compatibility

Once the required dose level has been established, the maximum dose should be established.
Analysts typically establish the maximum dose by evaluating the highest likely dose that might
be seen during the sterilization process, adding a safety factor, and evaluating the item for
immediate and long-term effects of the radiation exposure. Some materials may appear
unchanged initially, and the effects may become evident only over time. The evaluation should
consider all of the materials exposed to the radiation processing, especially the drug product
and its primary container.

Dose Verification

The methods for cycle development and dose setting rely on the bioburden approach. Analysts
use defined presterilization bioburden controls and periodic evaluation of the process effects on
the bioburden to maintain cycle efficacy. Establishing the required dose for microbial
destruction during cycle development uses the bioburden's natural resistance; analysts then
extrapolate the dose-setting algorithms to establish a dose that is capable of delivering a
probability of a nonsterile unit (PNSU, a standard measurement) of 1 × 10–6. The results of the
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dose-setting approaches for initial bioburden with different populations and resistance to
radiation sterilization are depicted in Figure 1.

Figure 1. Results of radiation dose setting. (top) Higher bioburden population, higher resistance
to radiation sterilization. (bottom) Lower bioburden population, lower resistance to radiation

sterilization.

Validation Activities

Confirmation of appropriate dose delivery when using the sterilization dose requires a number of
supportive activities.

EQUIPMENT QUALIFICATION

The use of gamma sterilization requires initial and periodic assessment of equipment controls
and parameters necessary to establish the system's capability. Sterilization systems that
deliver directed beams or rays have controls for scan speed, source intensity, and system
timers. The other elements of radiation sterilization equipment largely are related to material
transport and are easily qualified. Qualification of safety controls, devices, and software is
required.

EMPTY CHAMBER DOSE MAPPING

This optional exercise entails mapping the target area for radiation dose in the absence of a
load and is a possible means to evaluate a focused beam or ray system. It provides a baseline
of performance that may be useful over time.

LOAD MAPPING

The arrangement of items in containers, carriers, or pallets is an essential part of the initial
validation exercise. The goal of the mapping is to define a configuration that minimizes dose
variation across the objects. The items are mapped using multiple dosimeters positioned
internally and externally. Identification of maximum dose location is important in evaluating the
effects of the radiation on the load items. Locating the minimum dose location directly supports
sterility assurance.
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BIOLOGICAL INDICATORS

The use of biological indicators for radiation sterilization is not indicated because the physical
and dosimetric measurements employed are more reliable, reproducible, and robust than
biological systems.

DOSIMETRY

Process control for radiation sterilization relies heavily on dosimetry for both initial development
and ongoing verification. The dosimeters and the instruments used with them should be
periodically calibrated.

PROCESS CONFIRMATION

The core of the validation activity is the confirmation of acceptable lethality using dosimeters
that are positioned across the material as it is processed through the radiation-sterilizing
equipment. Proof of sterilization cycle efficacy is provided in replicate studies in which the
dosimetry results correspond to the required minimum and maximum values.

Routine Process Control

Radiation sterilization should be subject to formal controls that maintain the validated status.

The practices outlined in General Principles of Sterilization of Compendial Articles 1229
provide the general requirements appropriate for all sterilization systems. This is accomplished
by a number of related practices that are essential for the continued use of the process over
an extended period of time. The practices that are essential to maintain validated status for
radiation include training, calibration, physical measurements, bioburden monitoring, change
control, preventive maintenance, and periodic dose audits.
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1852 Atomic Absorption Spectroscopy—Theory and Practice. On the basis of
comments received, additional changes are proposed for this new general information chapter.
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Add the following:

1852  ATOMIC ABSORPTION SPECTROSCOPY—THEORY AND PRACTICE

Change to read:

THEORY

The instrumental technique of atomic absorption spectrometry (AAS; see Appendix for a list of
acronyms in this chapter) uses the Beer-Lambert Law (Beer's Law), which relates the
concentration of an analyte in a sample to the sample's absorption of electromagnetic
radiation. Beer's Law states that the optical absorbance of a chromophore in a transparent
solvent is linearly proportional to the chromophore's concentration and also to the sample cell
path length. Beer's Law is applicable only if the spectral bandwidth of the light is narrow
compared to the spectral line widths in the spectrum and is expressed as follows:

A = bc

A = absorbance 

 = molar absorptivity L/mol·cm
[L/(mol·cm)]

b = path length of the sample cell (cm) 
c = concentration (mol/L)

In addition:

A = log10 Io/I = log101/T = log10 100/%T = 2  log10%T

A = log10 Po/P = log101/T = log10 100/%T = 2  log10%T

Io
Po

= intensity of light passing through a sample 
I
P

= intensity of light leaving the sample 
T = transmittance = I/Io 
%T = 100 × T

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

INSTRUMENTATION

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

Figure 2. Schematic of a single-beam atomic absorption spectrophotometer. Reproduced by
permission of the Royal Society of Chemistry.

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

Figure 3. Schematic of a double-beam atomic absorption spectrophotometer. Reproduced by
permission of the Royal Society of Chemistry.

Change to read:

SAMPLE CELL DESIGNS

Flame Atomic Absorption Spectrometry

In FAAS, a liquid sample is aspirated into a flame via a nebulizer. In the nebulizer, the sample is
converted to a mist that is composed of uniform droplets that are easily burned in the flame.
The flame provides a source of neutral atoms or molecules that absorb energy and desolvates
and atomizes the sample as well. 
Although other flame types have been documented, the most commonly used flame is an air–
acetylene flame. Because the temperature of the air–acetylene flame is not sufficient to
destroy oxides that might form or are present, a nitrous oxide–acetylene flame often is used,
depending on the analyte and nature of the sample. The air–acetylene flame burns within a

temperature range of 2125 –2400 , but the nitrous oxide–acetylene flame burns within a

temperature range of 2650 –2800 . 
Flames can be optimized for a particular analysis by either increasing or decreasing the
fuel:oxidant ratio. The fuel:oxidant ratio can be adjusted to be either lean or rich—oxidizing or
reducing—depending on the analyte of interest. Most instrument manufacturers provide
guidance regarding the type of flame to use for a specific element, and analysts should refer to
the manual provided by the instrument manufacturer for optimal flame conditions for a given
analyte. 
Some AAS can also be used in the flame emission mode. In flame emission, the atoms and
molecules achieve an excited electronic state following thermal collisions within the flame, and
upon their return to a lower or ground electronic state they emit light at characteristic
wavelengths for each analyte. Although instrumentation may be capable of operation in the
flame emission mode, this will not be discussed further in this chapter.

Electrothermal Vaporization—Graphite Furnace Atomic Absorption Spectrometry

In ETV or GFAAS, a liquid sample is deposited through a small opening into a heated graphite
tube known as a mini-Massmann furnace. Inside the furnace, neutral atoms or molecules are
excited from their ground state when the tube is further heated, thereby heating the sample as
well
the sample is heated at increasing temperatures until the solvent is evaporated, solid residue

is ashed, and neutral atoms are atomized in their ground states. The atoms are then excited by
absorption of radiation at characteristic wavelengths.
Samples can be deposited either directly onto the wall of the graphite furnace or onto a small
graphite platform, known as a L’vov platform, which sits inside of the graphite furnace. With
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ETV, a series of heating steps is usually employed, including drying, charring or ashing,
atomizing, and clean-out. Other intermediate heating steps can be used, depending on the
nature of the sample. Throughout the heating process, the graphite furnace is purged with an
inert gas, usually nitrogen or argon. At the atomization step, the furnace is quickly heated to a
high temperature (usually to incandescence). The purge gas flow is stopped temporarily as a
transient absorption signal produced by the atomized analyte is measured. As in FAAS, Beer's
Law can be used to relate the concentration of the analyte and the absorption signal.

Cold Vapor and Hydride Generation Atomic Absorption Spectrometry

Cold vapor and hydride generation techniques are often used for the determination of mercury
or for some hydride-forming elements such as tin, arsenic, selenium, antimony, and bismuth. 
In the case of mercury, a chemical reduction generates atoms, and a stream of inert gas
sweeps the cold vapor into a cold quartz cell in the optical path of the instrument. The
technique is very sensitive and has detection limits that range from parts per trillion (ppt) to
low parts per billion (ppb), depending on the sample and the laboratory environment. 
In the case of hydride-forming elements, a reaction with sodium borohydride and hydrochloric
acid generates the hydride of the analyte of interest. The resulting gas is swept into an inert
quartz cell that is positioned on top of the burner. The cell can be externally heated, or it can
be heated by an air–acetylene flame. The heat of the flame breaks down the hydride and
creates the elemental form of the analyte. This is known as the direct-transfer mode of hydride
generation. Commercial direct-transfer hydride generators are available in two configurations,
continuous flow and flow injection. As with the cold vapor detection of mercury, hydride
generation also can be very sensitive and has detection limits in the ppb or ppt range.

LINE SOURCES

An external light source (line source) is used to emit spectral lines corresponding to the energy
required to elicit the electronic transition from the ground state to an excited state in the
sample. The external light sources most commonly used are continuum electrodeless discharge
lamps (EDL) or hollow cathode lamps (HCL). Absorption of radiation from the external light
source is proportional to the population of the analyte species in the ground state, which is
proportional to the concentration of the analyte that is sprayed into the flame, thereby making
it possible to use Beer's Law to determine the concentration of an analyte in the sample. The
absorption is measured by the difference in transmitted signal in the presence and absence of
the analyte. 
A suitable line source for AAS must:

Produce lines of sufficiently narrow bandwidths specific to a particular atomic absorption
peak
Produce a beam of radiation of sufficient intensity to allow high signal-to-noise
absorption measurements
Produce a beam of radiation that is stable for extended periods of time
Be easy to start and have a short warm-up time and an extended shelf life.

A common line source for AAS is the HCL. 
The gas contained within the HCL tube is ionized when an electrical potential is applied across
the electrodes. Gaseous cations then acquire sufficient kinetic energy to dislodge some of the
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metal atoms from the anode surface, a process known as sputtering. A portion of the resulting
cloud of metal ions is excited. Upon relaxation to the ground state, the ions emit photons at
the characteristic wavelengths for that metal. Hollow cathode lamps are available in a variety
of configurations and can be specific for a single element or multiple elements. 
Another type of line source is the EDL. 
For certain elements, EDLs produce much more intense radiation beams than do HCLs. They are
available for the analysis of antimony, arsenic, bismuth, cadmium, cesium, germanium, lead,
mercury, phosphorus, selenium, tellurium, thallium, tin, and zinc. They are similar to HCLs
because they rely on the sputtering of a metal by accelerated ions, but they ionize the inert
gas by means of an intense radio-frequency field instead of hard-wired electrodes. 
The requirement for an individual line source for each metal limits AA to a single-element
technique. Some modern systems allow multi-element analyses by automatic lamp switching or
by positioning multiple lamps in an array. High-resolution continuum source AAS combines a
high-resolution Echelle monochromator with a xenon short-arc lamp to obtain multi-element
analytical capabilities (see Reference 1 for additional details).

WAVELENGTH SELECTORS

Because atomic resonance lines are narrow, analysts frequently use monochromator gratings of
moderate resolution, as used in AAS Ebert and Czerny–Turner monochromator systems. 
Although the application is not common, high-resolution Echelle polychromators have been used
in AAS designed for simultaneous measurements of multiple elements. Spectrophotometers of
this type usually mate a high-resolution polychromator with either a Xenon arc continuum
source or several individual line sources. They typically are equipped with a solid-state detector
system.

DETECTION SYSTEMS

Detection systems convert radiant energy, photons, into a concentration-proportionate
electronic signal. This signal is amplified and processed into an absorbance reading or a
concentration, as illustrated in Figure 1. Photomultiplier tubes (PMTs) are widely used in AAS to
convert photons passed through the monochromator into voltages. Some spectrophotometers
are designed so that the applied PMT currents are under operator control. As mentioned above,
some modern AAS are equipped with solid-state detection systems. There are two types: a
charge-injection device or a charge-coupled device. Advantages and disadvantages of each
design depend on specific applications. In some applications, a solid-state detector can
produce a superior signal-to-noise ratio, provide a flatter response across the UV/Vis spectrum,
and/or improved background correction capabilities when compared to a PMT.

BACKGROUND CORRECTION

Nonspecific absorption can compromise the accuracy of AAS measurements. This is particularly
the case for ultra-trace analyses using graphite furnace AAS. The type of background
correction used for graphite furnace AAS can have a large impact on the success of the
analysis. Three types of background correction designs are available for modern AAS:
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continuum source, Smith–Hieftja or variable giant pulse, and Zeeman effect.

Continuum Source

A continuum source, frequently a deuterium lamp, is configured in the spectrophotometer optics
so that radiation from the continuum source and the line source is alternately passed through
the sample cell by a beam chopper (Figure 4). The width of the continuum source bandpass is
equal to the slit width.

Figure 4. Schematic of an atomic absorption spectrophotometer with a continuum source
background corrector. Reproduced by permission of the Royal Society of Chemistry.

The signal intensity from both sources can then be measured, and the ratio can be calculated. 
Figure 5 displays the operation of a continuum-source background-correction system. Note
that before the analysis, the intensity of the deuterium lamp and the HCL are equalized at the
analyte's resonance wavelength. Also note that the bandwidth of the continuum source is
equal to the width of the monochromator's exit slit, usually 0.2–0.7 nm, compared to the width
of the resonance line of approximately 0.002 nm. If a solution containing the analyte of interest
is introduced, the signals from both sources are attenuated because of atomic absorption
(Figure 5, Panels A and B). If a solution containing the analyte of interest plus components
that lead to nonspecific broad-band absorbance is introduced, the intensity of atomic
absorption of the line source (HCL) is correctly subtracted from the intensity of the continuum
source (Figure 5, Panels C and D).

Figure 5. Panels A and B: atomic absorption only. Panels C and D: atomic absorption with
background absorption. Reproduced by permission of the Royal Society of Chemistry.

Although continuum-source background correction is a useful design, it has some limitations.
Basically, the introduction of an additional lamp and chopper causes a degradation of the
overall signal-to-noise ratio of measurements. In addition, if the line source and the continuum
source are not in perfect alignment, an erroneous correction will result when the individual
beams are passed through an inhomogeneous gaseous sample, as this frequently occurs in the
sample cell. This is particularly the case for highly structured backgrounds. The radiant
intensity of the deuterium source in the visible region is too low to use for analytical
wavelengths above 350 nm. Some instrument manufacturers equip their spectrophotometers
with alternative continuum sources, such as tungsten halogen lamps, to remedy this issue.

Smith–Hieftja
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When high currents are applied to an HCL, the emission-line profile is altered: the line is
broadened and a dip appears in the center because of self-absorption. Self-absorption occurs
when the photons emitted by excited atoms are absorbed by gaseous ground-state atoms
contained within the quartz tube of the HCL. At currents used for normal data acquisition, the
HCL is used to measure the sum absorbance of the element of interest and the nonspecific
background. At high lamp currents, the measured absorbance is predominantly caused by the
background. The absorbance caused by the element of interest is the difference between the
intensities of analyte and nonspecific background absorbances. Figure 6 illustrates the Smith–
Hieftja background correction process.

Figure 6. Emission profile of a hollow cathode lamp at (A) low current and (B) high current. Low
current absorbance is caused by background plus analyte. High current is background

absorbance only. Adapted from S.B. Smith, Jr. and C.M. Hieftje, Appl. Spectrosc., 1983, 37,
419.

The advantages of Smith–Hieftja background correction are that the HCL serves as the single
source for any analytical wavelength, obviating any alignment issues arising from alternative
continuum source. This system allows correction of structured backgrounds very near the
resonance wavelength. Disadvantages are that the lifetimes of the HCLs are notably shortened.
Compared with continuum-source background correction, the Smith–Hieftja procedure may
result in a shorter dynamic range and/or may require higher sample dilutions to reduce
background absorbances.

Zeeman Effect

The Zeeman effect background correction is based on the principle that in the presence of a
magnetic field, the absorption line of an element is split into three optically polarized

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

equal distances on either side of the  component are the + and  components. The 
components are linearly polarized perpendicular to the magnetic field. The distance of the

separation of the + and  components from the  component increases as the magnetic
field strength increases. Commercial instruments use magnets with field strengths of

approximately 1 Tesla, which corresponds to a  component separation of approximately 0.01

nm on each side of the  component. 
Absorbance lines from different elements have normal or anomalous Zeeman patterns. Normal

Zeeman patterns are composed of a single  component and two  components. A normal
Zeeman pattern occurs for absorbance wavelengths that correspond to a singlet electron

transition. An anomalous Zeeman pattern has further splitting of the  and  components and
occurs for wavelengths that correspond to more complex electron transitions. 
Three basic designs are available for commercial AAS equipped with Zeeman background
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correction: transverse DC Zeeman AAS, transverse AC Zeeman AAS, and longitudinal AC
Zeeman AAS.

TRANSVERSE DC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY

This design uses a DC magnet positioned around the atomizer. The term transverse refers to
the parallel alignment of the magnetic field with the optical axis. The Zeeman effect is
permanently applied in this design. A rotating polarizer is positioned in the light path between
the line source and the atomizer. This splits the incident radiation from the line source into the

characteristic  and  components. See Figure 7 for a schematic of the configuration and an
illustration of the operation of DC Zeeman AAS.

Figure 7. Configuration and operation of a transverse DC Zeeman atomic absorption
spectrophotometer. Adapted from H. Koizumi and K. Yasuda, Spectrochim Acta, 1976, 31B,

237.

TRANSVERSE AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY

This design uses an AC magnet positioned around the atomizer. The magnetic field is in parallel
alignment with the optical axis. The AC magnet is switched on and off at one-half the
modulation frequency of the line source (50 or 60 Hz, typically). A fixed polarizer is positioned
between the atomizer and the monochromator. See Figures 8 and 9 for illustrations of the
operation of transverse AC Zeeman AAS.

Figure 8. Operational principle of a transverse AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.
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Figure 9. Illustration of transverse AC Zeeman atomic absorption spectrophotometer operation.
©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.

LONGITUDINAL AC ZEEMAN ATOMIC ABSORPTION SPECTROMETRY

In this design, the magnetic field is in perpendicular alignment with the optical axis. With this

configuration the  component is absent and the  components are circularly polarized, so a
polarizer is not required. See Figure 10 for comparison between transverse and longitudinal AC
Zeeman AAS.

Figure 10. Comparison of transverse and longitudinal AC Zeeman atomic absorption
spectrophotometer. ©2011 PerkinElmer, Inc. All rights reserved. Printed with permission.

Zeeman effect background correction offers the advantage of background correction at the
resonance wavelength and correction of relatively high nonspecific absorbances. Compared to
continuum source background correction, Zeeman effect background correction can result in a
reduction of the linear dynamic range in some applications and may require additional dilution of
test solutions. Depending on the specific analyte and application, Zeeman effect background
correction offers advantages and disadvantages that must be considered for each application.

Change to read:

ANALYTICAL CONSIDERATIONS

Sample Preparation

FAAS requires the introduction of a liquid sample into the nebulizer. ETV/GFAAS is normally
performed using liquid samples, but analyses can be performed using slurries and solid samples.
Because the analysis of liquids is far more common, the analysis of solid samples is not
discussed in this chapter. 
Samples can be prepared in a variety of ways to dissolve or solubilize them. In some cases,
direct dilution of a solid sample can be performed using deionized water, dilute acids, or organic
solvents. When a sample does not dissolve, however, some form of acid digestion is required.
Acid digestion is also required if the sample is first ashed. Options for acid digestion include
hot-plate digestions, open-vessel microwave digestion, and closed-vessel microwave digestion.
Procedures for acid digestion are specific for a given sample matrix and analyte. Analysts
should perform spike and recovery studies when they carry out digestions, and when using
microwave digestion systems analysts should refer to the microwave manufacturer's guidelines
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for use and programming of the instrument.

Interferences

AAS is subject to several types of interferences. The most common are:
Spectral interferences: Spectral interferences can arise when there is an overlapping
signal from another element that is a component of the sample or sample matrix.
Ionization of the analyte: Some elements such as sodium, potassium, calcium, and
cesium are easily ionized, and ionization of the analyte reduces the analytical signal.
Matrix effects: Interferences can arise from differences between sample, standard, and
blank viscosities or can be introduced by surface tension.
Spectral line broadening: Spectral line broadening can occur as a result of several
factors, including self-absorption, Lorentz effect, Doppler effect, or quenching.
Compounds that do not dissociate in the flame.

Matrix Modification, Releasing Agents, and Ionization Suppressants

To counteract potential interferences or to enhance their ability to monitor an analyte,
analysts sometimes use a matrix modifier, a releasing agent, or an ionization suppressant. 
Matrix modifiers are added to samples, standards, and blanks with GFAAS with the chief goals
of changing the nature of the sample or analyte in the sample by:

Increasing the volatility of the sample matrix so that matrix components are burned off
Reducing the volatility of the analyte, which helps to eliminate loss of the analyte during
the pyrolysis step
Reducing background absorption by eliminating matrix components so that they do not
interfere with the analyte signal during atomization.

It may be necessary to use more than one matrix modifier during an analysis. Commonly used
matrix modifiers include magnesium nitrate, nickel nitrate, palladium, and lanthanum.
Manufacturers of graphite furnace instrumentation provide detailed information regarding the
use of matrix modifiers, and analysts should consult that information when they perform an
analysis.
In some instances, GFAAS analyses require applying the method of standard additions in order

to overcome matrix induced result biases. Many modern GFAAS systems are equipped with
autosamplers that automatically spike sample solutions at multiple levels specified by the
analyst, perform the linear regression, and report the final concentration result based upon the
intercept.

Releasing agents and ionization suppressants are used in FAAS to eliminate certain potential
interferences. Releasing agents are added in excess to samples, standards, and blanks to
prevent the formation of refractory compounds by combining with a potential interferent.
Ionization suppressants are added in excess to samples, standards, and blanks to help control
ionization of the analyte. By adding an ionization suppressant that has an ionization potential
lower than that of the analyte, analysts create an excess of electrons in the flame, and the
ionization of the analyte is suppressed. Commonly used releasing agents include lanthanum and
strontium. Commonly used ionization suppressants include sodium, potassium, cesium, and
lanthanum. Manufacturers of flame AA instrumentation provide detailed information regarding
the use of releasing agents and ionization suppressants, and analysts should consult that
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information when performing an analysis. 
Because of the separation of the analyte from the matrix in cold-vapor and hydride-generation
AA, spectral interferences are notably reduced when compared to the other AA methods.
Nonselective background interferences can occur, however, when a sufficient amount of an
absorbing species is transported to the cell. Typically this occurs when an excess of another
hydride-forming species is introduced from the sample matrix or in the case of hydride formation
when non-aqueous media are used. Transport interferences take place during transport of a
hydride from the sample solution to the sample cell. This either causes a delay in hydride
formation, known as transport kinetics interference, or loss of the hydride altogether, known as
transport efficiency interference. These interferences can be remedied either by using the
method of standard additions or by further diluting the sample.
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APPENDIX: ACRONYMS

A: absorption 
AA: atomic absorption 
AAS: atomic absorption spectrometry 
EDL: electrodeless discharge lamp 
ETV: electrothermal vaporization 
FAAS: flame AAS 
GFAAS: graphite furnace AAS 
HCL: hollow cathode lamp 
PMT: photomultiplier tube 
T: transmittance

BRIEFING

1854  Mid-Infrared Spectroscopy—Theory and Practice, PF 37(5) [Sept.–Oct. 2011].
On the basis of comments received, additional changes are proposed for this new general
information chapter. The section on Sensitivity in Factors that Affect Photometric and
Wavelength Accuracy was moved from proposed general test chapter Mid-Infrared
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Add the following:

1854  MID-INFRARED SPECTROSCOPY—THEORY AND PRACTICE

PRINCIPLES OF MID-INFRARED SPECTROSCOPY

Mid-infrared (mid-IR) spectroscopy involves measurement of the absorption of electromagnetic

radiation with wavelengths of over the wavenumber range between 4000–400 cm 1 (2.5–25
µm) caused by the promotion of molecules from the ground state of their vibrational modes to
an excited vibrational state. The most commonly used parameter to denote the energy of the

transitions is the wavenumber, i.e., the number of waves per centimeter. The wavelength, 

(µm), and wavenumber,  (cm 1), of radiation are related by the expression:

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

where h is Planck’s constant, c is the velocity of light, i is the fundamental vibrational

frequency of mode i (cm 1), vi is the vibrational quantum number of this mode, and xi is the
so-called anharmonicity constant. 
The strongest bands in the mid-IR spectrum are caused by fundamental transitions from the
ground state of a given mode (vi = 0) to its first excited vibrational state (vi = 1), although
weaker overtone and combination bands also are seen in the spectrum. Overtone bands are
caused by the promotion of molecules from their ground state to their second and higher
vibrational states (vi = 0, 1, 2, 3, etc.). Overtones are observed only for those modes for
which xi is non-zero. Combination bands are caused by the simultaneous promotion of molecules
to two excited vibrational states. 
Vibrational modes involve the motion of all atoms of the molecule. Many modes involve only
large-amplitude vibrations of the atoms in localized regions of the molecule, and the remaining
atoms are largely unaffected. When molecules contain a certain functional group, the
transitions often occur in narrow spectral ranges. In this case, the wavenumbers at which
these transitions occur are known as group frequencies. When a vibrational mode involves
atomic motions of more than just a few atoms, the frequencies occur over wider spectral
ranges and are not characteristic of a particular functional group. Instead they are more
characteristic of the molecules as a whole. Such bands are known as fingerprint bands. All

strong bands that absorb at wavenumbers above 1500 cm 1 are group frequencies. Strong
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bands that absorb below 1500 cm 1 either can be group frequencies or fingerprint bands. Thus
not all strong bands in the IR spectrum of a given molecule can be attributed to the presence
of a particular functional group. 
The motion of atoms during a particular vibrational mode, i, is characterized by the normal
coordinate, Qi. The intensity of fundamental bands is governed by the square of the change in

dipole moment, µ, during the vibrational cycle ( µ/ Qi)2. Thus vibrational transitions of modes
involving polar groups, such as C–O, C=O, O–H, N–H, and C–F, typically give rise to strong

bands in the spectrum. Where ( µ/ Qi) is small, transitions are weak. When the symmetry of a

molecule leads to the condition that ( µ/ Qi) = 0 for a certain mode, the band corresponding
to this mode does not appear in the IR spectrum. Overtone and combination bands are always
weaker than the fundamental modes from which they are derived. 
For functional groups that have the form XY2 (such as –CH2, –NH2, –NO2, and –SO2) and XY3

(such as –CH3 and –NH3
+), first-order coupling can occur so that the mode is split into a

symmetrical mode (where both the Y atoms move to and from the X atom with the same

phase) and an antisymmetrical mode (where one Y atom moves 180  out of phase with the
other). The amount by which the two bands are split depends on the Y–X–Y angle. The more

closely this angle approaches 180 , the greater the splitting. Thus, for example, for the
symmetric and antisymmetric stretching modes of ketenes and isocyanates where the angle is

approximately 180 , the splitting can approach 1000 cm 1, whereas for CH2 and CH3 groups

where the angle is approximately 108 , the splitting is on the order of 100 cm 1. 
Second-order coupling, sometimes known as Fermi resonance, occurs when an overtone or
combination band happens to occur at the same (or near coincident) wavenumber as a
fundamental mode of the molecule that involves motion of the same atoms. In this case, the
overtone or combination borrows intensity from the fundamental band, and the two bands split

apart by as much as 40 cm 1. The closer the bands that interact in this manner, the greater
the splitting and the closer the intensity for the resulting bands.

SAMPLING PROCEDURES

Mid-IR spectra can be measured by transmission, external reflection, internal reflection [often
called attenuated total reflection (ATR)], diffuse reflection, and photoacoustic spectroscopy.
Each of the major approaches is presented below.

Transmission Measurements

The alkali–halide disk and mulling procedures are the traditional mid-IR transmission sample
presentation methods for materials that are in the form of a finely divided powder, as is the
case for many drug substances and excipients. During preparation of a sample suitable for IR
spectrometry, the powdered material is uniformly dispersed throughout either the alkali halide or
mulling agent, which acts as a support matrix for the analyte. Other procedures by which
transmission spectra can be acquired include the use of solutions and compression cells. Neat
compounds can be examined in a compression cell, as a self-supporting film (for polymers), as a
capillary film between the IR-transparent cell windows (for liquids and semisolids), and as a gas.
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The ratio of the single-beam spectrum of the sample and an appropriate background spectrum

at a given wavenumber, , is known as the transmittance, T-( ). In most prism or grating
spectrophotometers, the transmittance spectrum is output directly. For spectra measured on a
Fourier transform-IR (FT-IR) spectrometer, the two single-beam spectra are measured at
different times and are ratioed subsequently. An appropriate background spectrum should be
measured. For KBr disks and mineral oil mulls where the diameter of the sample is usually
greater than that of the focused beam, the background should be measured with nothing in the
sample compartment. If the sample diameter is smaller than that of the beam, the empty
sample holder should be in place when the background spectrum is being measured. Similarly,
the background for measurements made with an IR microscope should be measured with the
same aperture as is used to measure the sample spectrum. For the measurement of ATR
spectra, the background spectrum should be the clean internal reflection element. 
Because transmission spectra of nonscattering samples obey the Bouguer–Beer–Lambert Law
(usually abbreviated to Beer’s Law), the transmittance commonly is converted to absorbance, A

( ), i.e., log10 1/T ( ). Beer’s law states that the absorbance of component i at wavenumber,

Ai ( ), is the product of the absorptivity of i at that wavenumber, ai ( ), the path length of
the sample, b, and the concentration of i, c i. The measured absorbance of a mixture at each
wavenumber is the sum of the absorbances of each component of the mixture.

KBr Disks

Certain powdered alkali halides, such as KBr, KCl, and CsI, coalesce under high pressure and
can be formed into self-supporting disks that are transparent to mid-IR radiation. The alkali
halide most commonly used is powdered, dry, highly pure KBr, which is transparent to mid-IR

radiation to approximately 400 cm 1. From this point, alkali–halide disks will be referred to as
KBr disks even though they can be made with other alkali halides such as KCl and CsI. IR
spectroscopic-grade KBr with a particle size of 100–200 mesh (about 100 µm in diameter) can
be purchased commercially. Nonspectroscopic-grade material may contain impurities with
absorption bands in the mid-IR region. One of the more common impurities is KNO3, which has a

sharp absorption band at approximately 1378 cm 1. Powdered KBr has a tendency to adsorb
molecules from the air over a long period of time, so it must be stored properly. If the KBr is not
dry, its spectrum exhibits a broad absorption band caused by adsorbed water at approximately

3400 cm 1, along with a weaker band near 1640 cm 1. 
Commercial presses and dies in a range of diameters are available for the preparation of alkali–
halide and similar disks. The most common diameter of KBr disks is 13 mm, but mini-disks with a
diameter as small as 0.5 mm can be prepared using commercially available presses. Follow the
manufacturer’s recommended procedures for operating the disk-making accessory and the
press. 
Typically, the weight ratio of sample to alkali halide is on the order of 1 part of the sample to
100–400 parts of KBr. An optimal procedure for preparing a 13-mm diameter disk is to pregrind
the sample to a fine particle size in a mullite or agate mortar. A vibrating agate or steel ball mill
also can be used. Then 1–2 mg of the ground sample are weighed and transferred to a clean
mortar (or vial). A weighed amount of dry ground KBr powder (300 mg) is then added and mixed
gently with the analyte to form a homogeneous mixture. The optimum way of achieving
homogeneity is to add about 10 mg of ground KBr to the sample in a mortar and then to gently

PF 39(2): Mar.-Apr. 2013 116



mix with the pestle. This is followed by successively adding doubled quantities of the KBr (i.e.,
approximately 20, 40, 80, and 160 mg) with mixing after each addition. The applied pestle
action should induce good mixing with minimal grinding because further reduction of the KBr
particle size will lead to increased water absorption. (If the mixing is done in a vial, then the
mixing time is shortened.) The mixture of KBr and analyte is then transferred completely to a
clean 13-mm die, which is filled and assembled according to the manufacturer’s instructions.
When the die is connected to a rotary vacuum pump, evacuate for about 2 min. The die (still
under vacuum) is placed in a hydraulic press, and a pressure of about 800 MPa (10 tons for a
13-mm disk) is applied to form the disk sufficient to form a disk that shows uniform
transparency is applied. Discard any disk that visually shows lack of uniform transparency or

exhibits poor transmittance at about 2000 cm 1. Faulty, unsatisfactory, or poor-quality disks
may be a consequence of inadequate or excessive grinding, moisture/humidity, impurities in the
dispersion medium, or insufficient reduction of the particle size.

Mulls

To prepare a mull, homogeneously distribute the finely divided powder sample in a thin layer of
a viscous liquid that is semi-transparent to mid-IR radiation and has a refractive index closely
matched to that of the sample. The prepared mull is sandwiched between a pair of mid-IR–
transparent windows, and a transmission spectrum of the mull preparation is recorded. The
mull, which should have the consistency of a paste, is formed in such a manner as to minimize
radiation scattering effects (radiation scatter from particles is worse when there is greater
mismatch between the refractive index of the dispersant and surrounding medium). The
sandwich can be clamped together in a mull cell. Commercial mull cells are available for both
macro- and micro-preparations. 
The most widely used mulling agent for the mid-IR region is a saturated hydrocarbon mineral oil

(liquid paraffin, Nujol). This material has strong absorption bands of 3000–2800 cm 1 and of

1500–1340 cm 1, and a weaker band at 720 cm 1 that may obscure the absorption bands of
the sample in these regions. In this case, a mull may require preparation in a chemically
different oil. This can be achieved by the use of a perhalogenated oil mulling agent such as
hexachlorobutadiene or chlorofluorocarbon. Combining the spectra of the sample prepared in
the two mulling oils and ignoring the regions where one of them has strong absorption bands
enables observation of the full mid-IR absorption spectrum with minimal interference. 
For the preparation of a mineral oil mull, the particle size of the sample must be reduced to
below that of the shortest wavelength of the interrogating radiation (2.5 µm) in order to
minimize light-scattering effects that decrease spectral contrast and cause band distortions.
The spectrum from a coarse powder or one that is poorly ground will show a high degree of
scatter that is manifested as a sloping baseline that decreases toward shorter wavelengths
(higher wavenumbers). Also, a coarser powder will increase the Christiansen effect, which is
caused by reflection from the interface between materials of different refractive index. The
refractive index of materials with strong absorption bands varies in a way that is similar to the
first derivative of the profile of the absorption band—a phenomenon that is referred to as
anomalous dispersion. The Christiansen effect is manifested as a transmission increase on the
short-wavelength (high-wavenumber) side of an absorption band with a concomitant decrease
on the longer wavelength side. Furthermore, a coarse, poorly dispersed powder can lead to a
severely distorted mid-IR spectrum in which the relative intensity of the weaker bands is
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enhanced and the intensity of the more intense bands in the spectrum appears weaker and
distorted. These effects are a consequence of radiation that has reached the detector but has
not been transmitted through a representative sample of the analyte. Similar effects can be
seen in the spectra of poorly prepared KBr disks. 
During the preparation of mulls and KBr disks, some work is done on the analyte, either in the
form of grinding, mixing, or pressing, and consequently there is the potential to induce solid-
state form transformations. Although laboratory mechanical mills can produce powders with a
small particle size, hand grinding using a mortar and pestle usually achieves better control and
less aggressive processing for organic pharmaceutical materials. Practitioners generally accept
that of the two procedures, the mull procedure is the less aggressive and is less prone to
induce solid-state form changes such as changes in the crystallinity (polymorphism) or changes
in the hydration or solvation state (pseudopolymorphism). The KBr disk procedure does,
however, have advantages over the mull presentation method because KBr exhibits no

absorption bands above 400 cm 1 (neglecting any adsorbed water or impurities) and is better
adapted to micro-sample preparations. When the sample is a salt, as is frequently the case for
active pharmaceutical ingredients (APIs), ion exchange can occur between the analyte and
alkali halide, and the sample is better prepared as a mineral oil mull.

Compression Cells

The use of a compression cell has become a popular sampling procedure for recording a mid-IR
transmission spectrum of a small or limited-quantity solid sample such as a single particle of an
API or excipient, a contaminant such as a short length of fiber, or a small fragment from a
packaging material. This is particularly the case for investigations using an IR microscope
system. Type IIa diamonds are quite transparent over much of the mid-IR region, although they

exhibit fairly strong absorption between approximately 2000 and 2400 cm 1. Because of the
high strength of diamond, it is commonly used as the window material of compression cells. The
sample is placed between the diamond windows of the cell, the cell is then tightened, and the
sample thickness is reduced to an optimum for a transmission measurement. The compressed
sample can be examined while it is contained within the compression cell.

Self-supported Polymer Films

The mid-IR transmission spectrum of many polymers used as packaging materials can be
recorded from samples prepared as thin self-supporting films. Films of appropriate thickness can
be prepared by, for example, hot compression moulding a sample or microtoming a thin section
from a sample. Soft and low-melting solids that do not crystallize when cooled can be prepared
either as a thin layer sandwiched between two mid-IR–transparent windows by gently warming
the sample or from the melt. Thin films from some materials can be cast from solution onto an
IR-transparent window.

Capillary Films

Nonvolatile liquids can be examined neat in the form of a thin layer sandwiched between two
matching windows that are transparent to IR radiation. The liquid layer must be free of bubbles
and must completely cover the diameter of the IR beam focused onto the sample.
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Liquids and Solutions in Transmission Cells

For the examination of liquid and solution samples, transmission cell assemblies that comprise a
pair of windows constructed of mid-IR–transparent materials such as KBr spacers, filling ports,
and a holder are available commercially in both macro- and micro-sample configurations. They
can be sealed, semi-permanent, or flow-through. A wide range of standard thickness spacers
and window materials is available. For laboratory applications, spacers typically are formed from
lead, poly(tetrafluoroethylene), or poly(ethylene terephthalate) and can be supplied, depending
on spacer materials, in standard thickness path lengths from approximately 6 µm–1 mm or
larger. 
The optimum path length required for examining a particular liquid or solution usually must be
determined empirically and depends on its absorption characteristics and whether the
application is qualitative or quantitative. In some instances for qualitative work, transmission
cells can be replaced with disposable porous media such as polyethylene or
poly(tetrafluoroethylene) mounted on a suitable backing.

Gases

Mid-IR transmission cells for static or flow-through gas and vapor sampling are available in a
wide range of materials to suit the application, from laboratory to process scale. In the
laboratory, the traditional gas cell has been a 10-cm long cylinder made from borosilicate glass
or stainless steel with an aperture of about 40 mm at each end. Each open end is covered with
an end cap that contains one of a pair of mid-IR–transparent windows constructed from, for
example, KBr, ZnSe, or CaF2. The cell body is fitted with appropriate inlet and outlet ports. For
the detection of gases at the ppm level, long-path length cells constructed from borosilicate
glass or metal are used. These cells can be of fixed path length of up to about 2 m or of
variable path lengths of 10–200 m. Gas cells can be jacketed and operated at temperatures up

to 250  or greater, and their pressure ratings can range from vacuum to more than 50
atmospheres.

Attenuated Total Reflection Spectroscopy

Attenuated total reflection (ATR) spectroscopy, alternatively known as internal reflection
spectroscopy or evanescent wave spectroscopy, has become a widely used procedure. This is
largely a consequence of a new generation of simple-to-use single-reflection accessories. 
ATR spectroscopy relies on the optical property that radiation passing through a medium of high
refractive index, n2 [the optically dense medium, also known as the internal reflection element
(IRE)], at an angle of incidence greater than the critical angle will be totally internally reflected
at a boundary in contact with a material of lower refractive index, n1 (the optically rare

medium). The critical angle, C, is given by n1/n2. The electric field of the radiation penetrates
a short distance into the optically rare medium. The intensity of this electric field, which is
known as the evanescent wave, is confined within the vicinity of the surface of the denser
medium. Its intensity decreases exponentially with distance, normal to the surface, into the
optically rare medium. It can, therefore, be envisaged as penetrating the surface layer of the
rarer medium. The depth of penetration, dp, is a convenient comparative term for different
experimental arrangements. It is the distance from the surface of the IRE at which the
amplitude of electric field amplitude falls to 37% (1/e) of its value at the surface:
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where 0 is the wavelength of the radiation in vacuum,  is the angle at which the beam
strikes the internal surface of the IRE, and n12 = n2/n1. Note that, to achieve total internal

reflection,  must be greater than C, so that n2 is usually greater than 2.3. Some of the more
commonly used IRE materials are the following: ZnSe (n2 ~ 2.4), Type IIa diamond (n2 ~ 2.4),
Si (n2 ~ 3.4), and Ge (n2 ~ 4.0). Furthermore, dp decreases with increasing angle of incidence
and increases with increasing wavelength (decreasing wavenumber). As a consequence of the
increase in dp with increasing wavelength, the band intensities within an ATR spectrum appear
—by comparison with a conventional transmission spectrum—to be relatively increasingly
enhanced with decreasing wavenumber. 
Furthermore, the refractive index of all molecules is not constant and varies across absorption
bands (anomalous dispersion). For strong absorption bands, n1 can vary between approximately
1 and 2. This effect causes a shift in the measured wavenumber of a band with respect to
transmission spectra. Particularly when equipment is operating at high angles of incidence or
with an IRE with a low refractive index such as ZnSe or diamond, strong bands also may be
accompanied by the appearance of an underlying first-derivative–like shape (see above for a
discussion of the Christiansen effect in KBr disks). 
Many different geometrical shapes and sizes are used for IREs. A trapezoidal IRE commonly is
incorporated into so-called horizontal ATR (H-ATR) units. Hemispherical IREs are the core of
some micro-sampling ATR accessories. Rod or rod-like multiple internal reflection IREs often are
used for on-line monitoring of liquid processes. 
Multiple internal reflection (MIR) elements allow the internally reflected radiation in the IRE to
interact several or many times with the surface layer of the sample with which it is in contact,
thereby increasing the intensity (effective path length) of the recorded sample spectrum. Still,
the spectrum recorded is characteristic only of the depth probed by a single reflection. The
number of internal reflections depends on the length and thickness of the IRE. MIR elements

may be several centimeters in length. A typical configuration for a vertically mounted 45  angle
of incidence IRE may allow 25 internal reflections. Today the most commonly used MIR systems
in the pharmaceutical laboratory are those in which the IRE is mounted horizontally. These
often are referred to as H-ATR accessories. MIR systems based on cylindrical rods with cone-
shaped ends or similar geometries often are incorporated as liquid-sampling devices in flow-
through solution cells or are used for on-line process monitoring. The trapezoidal-shaped MIR
elements incorporated into H-ATR accessories enable or facilitate study of a wide range of
sample forms, including liquids, solutions, dispersions, creams, pastes, waxes, semi-solids and
soft powders, continuous flat surface solids, solutions, films cast from solution, and many more.
Micro- and macro-H-ATR accessories are commercially available with 1, 3, 9, or more sample-
interaction reflections. 
Single-reflection, simple prism, and novel design IREs also are used in commercial H-ATR units.
They provide an effective and convenient means of analyzing and studying samples in a diverse
range of physical forms. In particular, small contact area, single-reflection, fixed angle of
incidence H-ATR accessories have become popular no-preparation sampling devices within the
pharmaceutical industry because they provide a ready means to record in a simple, quick
manner a mid-IR spectrum from a limited quantity of almost any condensed-phase material.
Hemispherical IREs act as focusing lenses so that the area sampled generally is smaller than
that sampled with prismatic IREs. Even though the IRE may be opaque to visible light, many
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accessories listed above allow some form of viewing capability so that the sample under test
can be inspected. 
Single-reflection micro-ATR units have the advantage of virtually no requirement for a solid
sample to have a uniformly flat surface. The test sample is placed in contact with the IRE
sampling area and, if it is a solid, a clamp is used to compress and secure the sample against
the IRE. Hemispherical ATR elements of ZnSe, Ge, and Si also form the sensing elements for
ATR objectives that can be fitted to mid-IR FT-IR microscopes. Several of the accessories are
capable of operation at controlled elevated temperatures that permit, for instance, studies
relating to thermally induced, solid-state form transformations. 
The hardness, scratch resistance, chemical inertness, and mid-IR transparency over a wide
wavenumber range make Type IIa diamond a unique material for ATR measurements. Even

though it does have a broad absorption feature between approximately 2400 and 2000 cm 1,
for most pharmaceutical applications this is not prohibitive because this is the region in which
only characteristic stretching bands occur for triple and cumulated double bonds. Because of
cost, the use of Type IIa diamond as an IRE material usually is restricted to micro-ATR
accessories or when the IRE is used as the sensing element in an ATR immersion probe for
process monitoring. Diamond has a refractive index that is closely matched to that of ZnSe, so
composite IREs can be constructed. Lower-cost focusing or support optics made from ZnSe
can be optically interfaced with a Type IIa diamond ATR sensing element, thereby minimizing
the overall cost of the IRE while still benefiting from the properties of the diamond. On the basis
of this technology, 3- and 9-reflection MIR configurations have been designed for both
laboratory systems and process probes.

External Reflection Spectroscopy

Several types of external reflection IR spectra can be measured. Among them are Fresnel
reflection, transflection, reflection-absorption spectroscopy, and photoacoustic spectroscopy,
but with the exception of diffuse reflection they are not widely used in pharmaceutical
applications.

Diffuse Reflection

Spectra recorded from powders or fairly fine granular samples are known as diffuse reflection
(DR) spectra. Most of the spectrum originates from radiation that has penetrated through the
surface of the sample and has been transmitted through multiple particles. A relatively small
fraction of the DR spectrum originates from radiation that has been reflected from the front
surface of the samples and therefore has the shape of a Fresnel reflection spectrum. Because
the shapes of bands in mid-IR Fresnel reflection spectra are asymmetrical, the fraction of
Fresnel reflection that contributes to a DR spectrum should be as small as possible. This may be
achieved in a number of ways, the most important and commonly used of which is to dilute the
sample by mixing it with 90%–99% of a nonabsorbing diluent such as finely powdered KBr or
KCl. The sample dilution has the added benefit of reducing absorption band intensities to an
appropriate level. 
DR spectra largely result from photons that have been transmitted through tens to hundreds of
particles and, therefore, have an appearance similar to that of transmission spectra. DR spectra
do not obey Beer’s Law, however. Instead, the DR spectrum measured at infinite depth, R
(i.e., band intensities do not change if the thickness of sample is increased) is converted to the
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Kubelka–Munk function:

The function f (R ) is equal to the ratio of the absorption coefficient to the scattering
coefficient of the sample. DR usually is calculated by taking the ratio of the single-beam
spectrum of the diluted sample to the single-beam spectrum of the neat diluent. Ideally, the
sample is ground to the point that the average particle diameter is <5 µm. The sample–diluent
mixture is thick enough that any increase in its thickness does not lead to a change in the
spectrum. Samples measured in this way are said to be measured at infinite depth, and the
reflectance is given the symbol R . For mid-IR DR spectrometry, the infinite depth criterion
usually is obeyed when the thickness is at least 100 µm, but to be conservative the depth of
most sampling cups for mid-IR DR spectrometry is at least 1 mm. 
A common way of preparing samples for DR spectrometry is to overfill the cup and to level the
sample with a spatula or razor blade. However, this way of preparing the sample can lead to a
difference between the scattering coefficient near the surface and in the bulk of the sample.
Because the intensity of DR spectra depends on the scattering coefficient, a better sample
preparation procedure is to slightly overfill the cup and to tap the base of the cup on a bench
until the top surface is level with the rim of the cup. 
Several types of accessories are used for the measurement of DR spectra. On-axis, or bright-
field, DR accessories are similar to very efficient specular reflection accessories. They are the
most efficient devices for the measurement of DR spectra but generally give the least rejection
of Fresnel reflection. Off-axis, or dark-field, DR accessories are less efficient than on-axis
devices but reject specular reflection more efficiently. Compound parabolic concentrators also
have been adapted for DR measurements and appear to be intermediate in efficiency and
Fresnel reflection between on-axis and off-axis accessories. Finally, integrating spheres have
been used for DR spectrometry. These devices are the most accurate photometrically but are
the least efficient.

MICROSPECTROSCOPY AND IMAGING

Transmission Microscopy

In any microscope, the area of a sample under study is defined by one or more remote masking
apertures mounted at focused image planes conjugate to the sample focus plane. If the sample
is mounted on a computer-controlled x–y stage, then successive neighboring or specified
regions can be measured sequentially. These single-point spectra can be used to generate
absorbance-intensity contour maps or false-color images that highlight differences or
inhomogeneities across the area mapped. Such maps also can be generated by moving the
sample manually, but this procedure can be very time consuming. The linear dimension of the
smallest sample that can be studied by mid-IR FT-IR microscopy is approximately equal to the
wavelength, i.e., approximately 10 µm. In practice, one usually can record a single-point
spectrum of acceptable signal-to-noise ratio and spectral resolution within a reasonable time-
scale from a masked sample area of 10-µm diameter in about 1 min. For mapping over a
relatively large sample area, where hundreds or even thousands of spectra are needed, a much
more time-efficient process is to use an FT-IR microscope equipped with an array detector.
Variable-temperature studies with thermomicroscopy observations and variable-temperature
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studies undertaken on an FT-IR microscope can be particularly useful for studying solid-state
form and thermally induced transitions in situ. 
As with macroscopic sampling, micro-samples presented for transmission FT-IR microscopy
measurements should be flat. For a full mid-IR fingerprint spectrum, they should be of an
appropriate thickness, which in the case of many APIs may require a sample of approximately
10-µm thickness or less. Compression cells are particularly useful for thinning a sample. A
thinned sample can be examined under compression or (less preferably) with the top window of
the cell removed and the thinned sample examined while supported on the bottom window. A
good practical means of providing an appropriate sample from which to record a single-beam
background spectrum is to mount a small particle of KBr alongside the sample and thin both by
compression under the same conditions. The single-beam spectra of the sample and reference
materials then can be measured under the same conditions simply by moving the compression
cell using the x–y stage of the microscope. 
Many continuous solids such as polymers used in packing or fibers found as contaminants can
be prepared to an appropriate thickness and examined in a compression cell by FT-IR
microscopy. Rolling with a tool specifically designed for this purpose also can sometimes
decrease the thickness of soft samples. Laminated samples can be sectioned using a microtome
and can be examined either free-standing or supported on an IR-transparent window. Analysts
commonly microtome a cross-section from a multi-layer polymer laminate film so that its layer
structure can be analyzed by FT-IR microscopy.

Reflection Microscopy

All major types of reflection spectroscopy discussed above can be implemented on
microscopes. Most microscopes have optical configurations that enable them to be switched
from transmission to reflection measurements if the operator switches a simple flip mirror. The

angle of incidence for these measurements usually is between 30  and 45  so that both Fresnel
reflection and transflection measurements can be carried out easily. In contrast, special
microscope objectives are required for ATR or reflection–absorption spectrometry. 
For ATR microspectroscopy, the sample under investigation is supported on the microscope
stage, and the ATR objective is lowered until the IRE is in optical contact with the uppermost
surface of the sample. Reproducible contact pressure can be achieved by the use of a pressure
gauge. A disadvantage of using a Ge IRE is that, unlike ZnSe, it does not transmit visible light,
which precludes in situ visual inspection of the sample. ATR mapping using a computer-
controlled mapping stage in a manner analogous to that of transmission mapping also is
possible, but this usually is restricted to soft materials.

Hyperspectral Imaging

The term hyperspectral imaging came into use to describe the process whereby a focal plane
array (FPA) detector is used to record simultaneously an array of spectra from a stationary
sample. Each pixel of the array records a spectrum of a different region of the sample. This
approach is a much more time-efficient process than single-point mapping if many spectra are
measured from a large sample area. Typical array sizes for mid-IR applications are 256 × 256,
128 × 128, and 64 × 64. The individual mercury cadmium telluride (MCT) detector elements
(pixels) of most FPAs are 6.25 µm × 6.25 µm. The detectors that are incorporated in the FPA
are photovoltaic (PV) detectors, unlike the single-element photoconductive (PC) MCT detectors
that are used for many FT-IR measurements (see below). Whereas PC MCT detectors operate
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at least to 750 cm 1, PV detectors that are installed in FPAs typically have a low wavenumber

cut-off in the region of approximately 900 cm 1. Limitations in digital electronics in the mid-
1990s restricted use of these arrays to FT-IR spectrophotometers operating in a step-scan
mode. Today, advances in digital electronics and FPA design enable 64 × 64 MCT FPAs to be
used with an FT-IR spectrophotometer operating in the more conventional continuous-scan
mode. The three-dimensional array of data sets, two spatial and one spectral, recorded in such
an imaging measurement has become known as a hypercube or data cube. 
An alternative way of hyperspectral imaging that is now commercially available is a hybrid
approach in which a linear array of small PC MCT detectors is used in combination with a
computer-controlled mapping stage. Adjacent regions are rapidly repositioned under the array
detector until the full spatial region of interest has been covered. The full field image is built up
as a mosaic of the individual area images recorded. In one system, which incorporates a 16-

detector linear array, the lower wavenumber cut-off is approximately 700 cm 1.

INSTRUMENTATION

The majority of mid-IR spectra are measured with an FT-IR spectrophotometer. These
instruments generally incorporate an incandescent silicon carbide (Globar®-type) source. The
radiation emitted by the source is collimated and passed into a continuous scanning two-beam
interferometer. The rate of change of optical path difference in the interferometer (usually

known as the optical velocity) typically is on the order of 0.2–5.0 cm·s 1. The actual value
depends on the detector and the analog-to-digital converter (ADC). The beam emerging from
the interferometer then is focused at the center of the sample compartment of the
spectrophotometer by an off-axis paraboloidal mirror. After being transmitted through, or
reflected from, the sample, the beam is focused onto the detector. This signal is called an
interferogram. The interferogram is a record of the variation of the AC component of the
energy incident on the detector as a function of the optical path difference (retardation) of the
interferometer. The Fourier transform of the interferogram is the single-beam spectrum. 
The measurement usually involves passing a laser beam through the center of the
interferometer, with the resulting sinusoidal interferogram measured by a detector of visible
radiation at the same time the IR interferogram is measured by the IR detector. The usual laser
used for this purpose is a helium–neon (HeNe) laser with a wavelength of 632.8 nm (15,802 cm

1). This laser interferogram allows the exact position of the moving optical element in the
interferometer to be determined. In FT-IR spectrophotometers equipped with an externally
triggerable ADC, the IR signal is digitized at each wavelength of the laser interferogram,
typically at the zero crossings. If the IR interferogram is sampled once per wavelength of a

HeNe laser, the spectral range is restricted to 0–7901 cm 1, i.e., one-half the wavenumber of
the laser. In some contemporary FT-IR spectrophotometers a sigma-delta ADC is used. These
ADCs sample the interferogram at constant time intervals rather than at constant intervals of
optical path difference, but they have a greater dynamic range than do externally triggered
ADCs. In the latter case, the instrument’s software calculates what the value of the
interferogram would have been at the laser zero crossings. 
In obtaining the spectrum of a sample, the single-beam spectrum of the sample and an
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appropriate reference are measured, and the ratio of these two single-beam spectra is
calculated. If the spectrum is obtained in the transmission mode, the ratio is known as the

transmittance spectrum, T( ). For many measurements, the negative logarithm of T( ) is

calculated to give the absorbance, A( ). If the sample is interrogated in the reflection mode,

the ratio is the reflectance spectrum, R( ). For ATR, transflection and reflection–absorption

measurements, R( ), usually are converted to absorbance in the same way as for transmission

spectroscopy. Conversion to A( ) is essential for quantitative measurements. For Fresnel

reflection measurements, R( ) is often subjected to a Kramers–Kronig transformation to yield

the absorption index spectra, k( ), and the refractive index spectra, n( ). For mid-IR diffuse

reflection measurements, R( ) usually is converted to the Kubelka–Munk function (see
Equation 4). 
The standard detector used in FT-IR spectrophotometers is a room-temperature pyroelectric
bolometer, most commonly deuterated triglycine sulfate (DTGS) or deuterated l-alanine-doped
triglycine sulfate. These detectors respond to IR radiation of all wavelengths, and their low
wavenumber cut-off is determined by the window behind which they are mounted. The window
typically is selected to match the material on which the beamsplitter is deposited and is usually

KBr, so that the range is restricted to 400 cm 1. 
When the sensitivity of pyroelectric bolometers is inadequate, e.g., for measurements made
through a microscope or with a gas chromatography interface, the more sensitive MCT detector
is used. MCT detectors generally are operated in the photoconductive mode and usually are
cooled to 77 K with liquid nitrogen (LN2). Thermoelectrically cooled MCT detectors are

available, but their low wavenumber cut-off is usually well above 1000 cm 1, and they are not
as sensitive as LN2-cooled MCT detectors. Liquid nitrogen-cooled indium antimonide (InSb)
detectors also can be used. These detectors are more sensitive than MCT but have a cut-off

at 1800 cm 1. 
Two problems with MCT detectors should be noted. First, because they are more sensitive than
DTGS detectors they should be used only when the sample or sampling accessory attenuates
the beam by at least a factor of 10. Otherwise the ADC will be overloaded and the photometric
accuracy of the spectrophotometer will be seriously affected. If the instrument is equipped only
with an MCT detector (a rare circumstance), a neutral-density filter can be mounted in the
spectrophotometer beam to reduce the energy of the beam at the detector to an appropriate
level. Second, even when the ADC is not saturated, the response of MCT detectors often is
nonlinear at high signal levels near the centerburst of the interferogram. The effect of this
nonlinearity is to cause the baseline of the calculated single-beam spectrum to be displaced
from zero. This effect can be seen readily when one plots the single-beam spectrum between 0

and 4000 cm 1. If the average energy in the single-beam spectrum between, for instance, 400

and 300 cm 1 is above or below zero, the detector is responding in a nonlinear manner in the
region of the centerburst, and the photometric accuracy of the measurement is degraded
concomitantly. Some vendors supply software to correct for this effect, but in general the
signal should be reduced by inserting a neutral-density filter, not an aperture stop, in the
beam.
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ANALYTICAL CONSIDERATIONS

Factors That Affect Spectral Resolution

The main factor that affects the resolution of an FT-IR spectrophotometer is the maximum

optical path difference of the interferogram. The nominal resolution, D , is the reciprocal of the
maximum optical path difference. 
The divergence angle of the beam passing through the interferometer also may degrade the
resolution. The effective collimation of the beam that passes through the interferometer is
determined by the limiting aperture of the optical system. In instruments designed for high

resolution (D  >0.5 cm 1), an adjustable aperture that serves the same purpose as the
entrance aperture of a monochromator is installed at a focus between the source and the

interferometer. As the desired resolution is increased (i.e., D  is made numerically smaller), the
diameter of this aperture, which is known as the Jacquinot stop or J-stop, is decreased, making
the divergence angle of the beam in the interferometer smaller. In lower resolution instruments

(typically those with a maximum resolution of 1 or 2 cm 1), the detector serves the purpose of
the Jacquinot stop. 

If the true full-width at half-height of the bands or lines in the spectrum is less than D , side
lobes are seen on each narrow spectral feature. These side lobes can be eliminated by
apodization, i.e., multiplying the interferogram by a function that is equal to 1 at the
centerburst and decays monotonically with optical path difference. Besides reducing the
amplitude of the side lobes, apodization also has the effect of degrading the resolution
(broadening the bands). When an interferogram is not weighted, it is often (incorrectly) said to
be apodized with a boxcar apodization function, although a better term would be a boxcar
truncation function. The selection of apodization function should be made on the basis of the
purpose of the experiment, but it is usually limited to a few choices. 
The Norton–Beer weak, medium, and strong apodization functions give the optimum combination
of side-lobe amplitude for a loss in resolution of 20%, 40%, and 60%, respectively. The Norton–
Beer medium apodization function generally is appropriate for many measurements of
condensed-phase samples. The Happ–Genzel apodization function is also a nearly optimal
function that degrades the resolution by about 50% (i.e., it is midway between the Norton–
Beer medium and strong functions). The only other commonly used function is the triangular
apodization function. This is a non-optimal function that has the effect of causing significant
deviations from Beer’s law and is not recommended.

FACTORS THAT AFFECT PHOTOMETRIC AND WAVENUMBER ACCURACY

FT-IR spectrophotometers are intrinsically very precise in both the ordinate and abscissa
scales. They are not always very accurate, however.

Wavenumber Accuracy

The main factors that affect wavenumber accuracy are the alignment of the laser and IR
beams in the interferometer and the divergence of the beam passing through the interferometer
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as observed at the IR detector. One might think that because the wavenumber of the laser
beam is known very accurately, the wavenumber scale of a spectrum measured on an FT-IR
spectrophotometer should be known to equal accuracy. However, the laser beam is highly
collimated, whereas the beam from the IR source is not (a collimated beam can be obtained
only from a point source). Because both the source and detector have a finite size, equal
accuracy (of the wavenumber of the laser beam and the wavenumber scale of the spectrum
measured) is never the case. As the diameter of the Jacquinot stop is decreased, a small

wavenumber shift (always less than 0.25 D ) will be observed. When the diameter of a sample
is less than the diameter of the beam focus in the sample compartment or the sampling
accessory, the effect is also to vignette the beam (i.e., to stop the beam down), and a small
wavelength shift will be observed. 
The best wavenumber standard for FT-IR spectrophotometers may be a sheet of polystyrene
film with a thickness of about 35 µm. Matte films are strongly recommended because
interference fringes are minimized. The National Institute of Standards and Technology provides
a matte polystyrene film standard that lists the wavenumbers of several narrow bands.

Recommended bands are at 3060.0, 2849.5, 1942.9, 1601.2, 1583.0, 1154.5, and 1028.3 cm 1

with a tolerance of ± 1.0 cm 1. 
When the wavenumbers of band maxima are measured, take care to use appropriate software.
The spectrum typically is calculated with 2 points per resolution element; i.e., the interval

between data points is 0.5 D . Thus the wavenumber of the maximum data point in the

spectrum is known only to an accuracy of ±0.25 D . This can be improved upon by
interpolation, but the wavenumbers of absorption bands are more precisely determined by
either polynomial fitting or calculation of the band's center of gravity.

Photometric Accuracy

The main factor that affects the photometric accuracy of FT-IR spectrophotometers is the
linearity of the detector response. As noted above, the response of pyroelectric bolometers
usually varies linearly with the energy on the detector, but this is not the case for MCT
detectors. With MCT detectors, the best way of detecting photometric error is measurement of
the nonphysical energy in the single-beam spectrum below the detector cut-off.

Sensitivity

The sensitivity of the instrument can be determined by measuring two single–beam spectra
under exactly the same conditions and calculating their ratio to produce what is commonly
known as a 100% line. The noise level in different spectral regions can be estimated either as
the peak-to-peak noise, i.e., the difference between the maximum and minimum values of the
percent transmission in the selected spectral region(s), or the root-mean-square (RMS) noise,
i.e., the standard deviation of the spectrum in that region. The RMS noise level is the preferred
metric because this calculation involves all the data in the selected region rather than just the
two most deviant points. Typical measurement conditions to test the sensitivity of an FT-IR

spectrometer equipped with a DTGS detector are 16 co-added scans, a resolution of 2 cm 1,
and Norton-Beer medium apodization. The most commonly used spectral region is 2200–2000

cm 1 because (a) this is where the performance of most mid-IR spectrometers is highest and
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(b) no common atmospheric interferent such as H2O or CO2 absorbs strongly in this region.
However, other regions should be tested close to the ends of the spectrum, such as 650–450

cm 1 and 4000–3800 cm 1. The signal-to-noise ratio (SNR) of the spectrometer operating
with certain parameters in a given spectral region is estimated as 100/(RMS noise level in
percent transmission).

Beer's Law Linearity

For quantitative measurements, the spectrum is measured at a resolution that is at least twice
as narrow as the narrowest band in the spectrum. The use of either the Norton–Beer medium or
Happ–Genzel apodization function is recommended. For optimal photometric accuracy, the
maximum absorbance of the analytical bands is no greater than 1.0 absorbance unit. Higher
absorbance values can be tolerated with certain combinations of resolution and apodization
functions. The effect of band width and peak absorbance on Beer’s Law linearity for strong
bands depends on the resolution and apodization function and should be validated on a case-
by-case basis.

BRIEFING

Boldine. It is proposed to add this new reagent used in the test for Organic Impurities in
the monograph for Apomorphine Hydrochloride, also appearing in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C118627

Comment deadline: May 31, 2013

Add the following:
Boldine (2,9-Dihydroxy-1,10-dimethoxyaporphine), C19H21NO4—327.37 [476-70-0]—Use a

suitable grade. 

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, USP 36 page 1231.

(HDQ.)
Correspondence Number—C103217; C112232

The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who is already acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

1S (USP37)

1S (USP37)
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Monograph Title
Container

Specification

Add the following:
Efavirenz Tablets W

Add the following:
Entecavir Tablets T

BRIEFING

Description and Relative Solubility of USP and NF Articles, USP 36 page 1240.

(HDQ.)
Correspondence Number—C95399; C106135; C121559; C125049

Add the following:
Desloratadine: White to light pink colored powder. Very soluble in ethanol and in propylene

glycol; soluble in dichloromethane; and slightly soluble in water. 

Add the following:
Dutasteride: White to pale-yellow powder. Soluble in ethanol and methanol; slightly soluble in

polyethylene glycol 400; and insoluble in water. 

Add the following:
Entecavir: White to off-white powder. Slightly soluble in water. 

Change to read:
Sertraline Hydrochloride: White or off-white crystalline powder. Sparingly soluble
or slightly soluble

in absolute alcohol; slightly soluble in water in acetone,

and in isopropanol;
and slightly or very slightly soluble in acetone.

BRIEFING

St. John's Wort, USP 36 page 1579. On the basis of comments received, it is proposed to add
an Identification test based on the test for Botanic Characteristics, to revise the TLC
Identification test, and to replace the test for Water Content with a test for Loss on Drying.
Editorial changes are also made.

(DS: M. Sharaf.)
Correspondence Number—C125681

Comment deadline: May 31, 2013
St. John's Wort

DEFINITION

St. John's Wort consists of the dried flowering tops or aerial parts of Hypericum perforatum L.
(Fam. Hypericaceae), gathered shortly before or during flowering. It contains NLT 0.04% of the
combined total of hypericin (C30H16O8) and pseudohypericin (C30H16O9) and NLT 0.6% of
hyperforin (C35H52O4), on the dried basis.

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: 0.5 mg/mL of USP Hyperoside RS in methanol
Sample solution: Finely powder 50 g of St. John's Wort. Shake 10 g in 100 mL of methanol

for about 15 min, and filter.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Upper layer of a mixture of ethyl acetate, glacial acetic

acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 400 in alcohol

Analysis 
Samples: Standard solution and Sample solution

Apply the Samples as bands and allow to dry. Develop and allow the plate to air-dry.
Spray with Spray reagent A and allow the plate to air-dry. Immediately after, spray the
plate with Spray reagent B, and allow the plate to air-dry. Examine the plate under UV
light at 365 nm.

Acceptance criteria: The chromatogram of the Sample solution exhibits several zones
having a yellowish-orange fluorescence, one of which, appearing at an RF value of about
0.5, corresponds in RF value and intensity to a similar zone in the chromatogram of the
Standard solution. The chromatogram of the Sample solution exhibits also two zones of
red fluorescence, one at an RF value of about 0.85 (presence of hypericin) and the other
at an RF value of about 0.80 (presence of pseudohypericin), and two zones of higher blue
fluorescence (presence of chlorogenic and neochlorogenic acids) located below the yellow
to yellowish-orange hyperoside zone.

Add the following:
•  A. It meets the requirements in Specific Tests, Botanic Characteristics. 

Add the following:
•  B. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rutin RS in methanol
Standard solution B:  0.5 mg/mL of USP Hyperoside RS in methanol
Standard solution C:  50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol.

Sonicate for 20 min, centrifuge, and use the clear supernatant.
Sample solution:  Finely powder 50 g of St. John's Wort. Sonicate 1 g in 10 mL of methanol

for about 20 min, centrifuge, and use the clear supernatant.
Chromatographic system 

Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)

Application volume:  2 µL, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 30%, using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, glacial acetic acid, formic acid,

1S (USP37)

1S (USP37)
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water, and methylene chloride (10: 1.0: 1.0: 1.1: 2.5)
Developing distance:  6 cm
Derivatization reagent A:  5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl

acetate
Derivatization reagent B:  10-mg/mL solution of polyethylene glycol 400 in methylene

chloride
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic

plate, and dry in air (see Chromatography 621 ). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber, and dry in air. Heat the plate at

105  for 3 min, derivatize the plate while still warm with Derivatization reagent A, and dry
in air. Then derivatize with Derivatization reagent B, dry in air, and examine under UV light
at 366 nm.

System suitability:  The chromatogram of Standard solution C exhibits, in the lower third
section, two yellowish-orange fluorescent bands corresponding to the bands due to rutin
and hyperoside in the chromatograms of Standard solution A and Standard solution B,
respectively; a blue fluorescent band directly below the band due to hyperoside,
corresponding to chlorogenic acid; and two red fluorescent bands due to pseudohypericin
(lower RF) and hypericin in the upper third section of the chromatogram. The bands due to
pseudohypericin and hypericin are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands: two yellowish-orange fluorescent bands at RF corresponding to the rutin and
hyperoside bands in the chromatograms of Standard solution A, Standard solution B, and
Standard solution C; a blue fluorescent band directly below the band due to hyperoside,
corresponding to the chlorogenic acid band in the chromatogram of Standard solution C;
two red fluorescent bands at RF corresponding to the pseudohypericin and hypericin bands
in the chromatogram of Standard solution C; and two to three yellowish-orange
fluorescent bands in the middle third section of the chromatogram corresponding to similar
bands in the chromatogram of Standard solution C.

COMPOSITION

Change to read:
•  Content of Hypericin and Pseudohypericin
[Note—Conduct all sample preparations with minimal exposure to subdued light, and use low-

actinic glassware to protect solutions from light.]
Solvent:  Methanol and acetone (1:1)
Solution A:  Phosphoric acid and water (3:997)
Solution B:  Acetonitrile
Solution C:  Methanol
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Solution C
(%)
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0 100 0 0
10 85 15 0
30 70 20 10
40 10 75 15
55 5 80 15
56 100 0 0
66 100 0 0

Standard solution A:  2.5 µg/mL of USP Oxybenzone RS in Solvent
Standard solution B:  1 mg/mL of USP Powdered St. John's Wort Extract RS in Solvent
Sample solution:  Weigh and pulverize 10 g of St. John's Wort. Transfer 1 g to a round-

bottom flask equipped with a condenser and protected from light, add 50 mL of Solvent

and a magnetic stirring bar, and heat at 60  for 2 h while stirring. Cool to room
temperature, and pass through filter paper into a 50-mL volumetric flask. Wash the flask
and the residue on the filter with Solvent, and dilute with the washings to volume. Pass
the solution through a polytef membrane filter of 0.45-µm or finer pore size, and use the
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm and Vis 588 nm
Columns 

Guard:  Packing L1
Analytical:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL. [Note—First equilibrate the system with 100% Solution A.]

System suitability 
Samples:  Standard solution A (record the peak responses at 270 nm) and Standard

solution B (record the peak responses at 270 nm and 588 nm)
Suitability requirements 

Chromatogram similarity:  The chromatograms from Standard solution B are similar to
the respective reference chromatograms provided with the lot of USP Powdered St.
John's Wort Extract RS being used.

Column efficiency:  NLT 100,000 theoretical plates for oxybenzone, Standard solution A
Tailing factor:  NMT 1.5 for oxybenzone, Standard solution A
Relative standard deviation:  NMT 2.0%, Standard solution A

Analysis 
Samples:  Standard solution A and Sample solution

Measure the areas of the relevant peaks at 270 nm in the chromatogram of the Sample
solution. 
Separately calculate the percentage of hypericin (C30H16O8) and pseudohypericin
(C30H16O9) in the portion of St. John's Wort taken:

Result = (rU/rS) × CS × (V/W) × F × 100

Result = (rU/rS) × CS × (V/W) × (1/F) × 100 1S (USP37)
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Result = (rU/rS) × CS × (V/W) × (1/F) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of oxybenzone from Standard solution A
CS= concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for the relevant analyte relative to that of oxybenzone, 1.30

for hypericin and 1.24 for pseudohypericin

Calculate the combined total of hypericin and pseudohypericin by adding the
corresponding percentages as calculated above.

Acceptance criteria:  NLT 0.04% on the dried basis

Change to read:
•  Content of Hyperforin

Analysis:  Using the chromatograms obtained in the test for Content of Hypericin and
Pseudohypericin, calculate the percentage of hyperforin (C35H52O4) in the portion of St.
John's Wort taken:

Result = (rU/rS) × CS × (V/W) × F × 100

Result = (rU/rS) × CS × (V/W) × (1/F) × 100

rU= peak area of hyperforin from the Sample solution
rS= peak area of oxybenzone from Standard solution A
CS= concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for hyperforin relative to that of oxybenzone, 0.46
Acceptance criteria:  NLT 0.6% on the dried basis

CONTAMINANTS

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104

cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli and for absence of Staphylococcus
aureus.

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  The two-edged stem is greenish yellow, rounded, and has two ribs running
longitudinally on opposite sides. The plant is adversifoliate, its leaves are sessile, ovoid or
elongated, up to 3.5 cm in length, smooth-edged, and hairless with translucent
perforations. The very numerous yellow, short-stemmed, pentamerous flowers form false
umbels shaped like grape clusters. The five lanceolate and black-dotted sepals are about
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one-half the length of the dark yellow petals, which are shaped like slanted ovals and
whose edges are set with dark red glands. The numerous stamens are joined in three to
six bundles (usually three). The ovary is surmounted by three styles. Some ovaries are
already developed into greenish, elongated, oval triovular capsules with various degrees of
maturity. When chopped, the crude plant material is distinguished by numerous yellow to
yellowish-brown flower buds and individual petals with dark red glands at the edges. The
light green to brown-green leaf fragments, characterized by plicate marcescence, appear
stippled when held up to the light. The greenish yellow or reddish-brown hollow stem
fragments are distinguished by two longitudinal edges.

Microscopic:  The stems have elongated epidermal cells with straight beaded, anticlinal
walls; cuticle smooth; frequent paracytic stomata with two small adjacent epidermal cells;
cortex of 5–6 rows of collenchyma; stele with secondary growth consisting of a
compacted ring of phloem, with a wide area of lignified xylem and small areas of intraxylary
phloem; parenchymatous pith, lignified and pitted in older stems; oil glands may occur in
the cortex and phloem. 
The upper surface of the leaf has polygonal cells with sinuous, slightly beaded anticlinal
walls; cells of lower surface smaller, with anticlinal walls more wavy with frequent
paracytic, sometimes anomocytic, stomata; smooth cuticle, thicker on upper surface,
straight-walled, elongated epidermal cells of veins occasionally beaded. Dorsiventral,
single palisade lamina; large oil glands equal to depth of spongy mesophyll. Midrib
containing single, collateral bundle with small area of lignified xylem. Trichomes and
calcium oxalate are absent. 
The sepal of the flower has characteristics resembling those of the leaf. Petal, narrow,
elongated, thin-walled, epidermal cells with straight anticlinal walls on the outer surface
and wavy on the inner surface. Stamen, lignified fibrous layer of anther wall; elongated,
thin-walled cells of filament with striated cuticle; subprolate pollen grains, about 20 µm in
diameter with three pores and a smooth exine. Ovary, small polygonal cells with underlying
oil glands; seed testa, brown, thick-walled hexagonal cells.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

Add the following:

•  Loss on Drying 731
Sample:  1.0 g of finely powdered St. John's Wort

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561 : NMT 5.0%

Delete the following:

•  Articles of Botanical Origin, Water Content 561 : NMT 10.0% 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in tight containers, protected from light and moisture.
•  Labeling: The label states the Latin binomial and, following the official name, the parts of

the plant contained in the article.

•  USP Reference Standards 11
USP Hyperoside RS 
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USP Oxybenzone RS 
USP Powdered St. John's Wort Extract RS
USP Rutin RS 

BRIEFING

Powdered St. John's Wort, USP 36 page 1581. See briefing under St. John's Wort.

(DS: M. Sharaf.)
Correspondence Number—C125682

Comment deadline: May 31, 2013
Powdered St. John's Wort

DEFINITION

Powdered St. John's Wort is St. John's Wort reduced to a fine or a very fine powder. It
contains NLT 0.6% of hyperforin (C35H52O4) and NLT 0.04% of hypericin (C30H16O8) and
pseudohypericin (C30H16O9) combined, on the dried basis.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: 0.5 mg/mL of USP Hyperoside RS in methanol
Sample solution: Shake 10 g of Powdered St. John's Wort in 100 mL of methanol for 15

min, and filter.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Upper layer of a mixture of ethyl acetate, glacial acetic

acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Spray reagent A: 10-mg/mL solution of 2-aminoethyl diphenylborinate in methanol
Spray reagent B: 50-mg/mL solution of polyethylene glycol 400 in alcohol

Analysis 
Samples: Standard solution and Sample solution

Apply the Samples as bands and allow to dry. Develop and allow the plate to air-dry.
Spray with Spray reagent A and allow the plate to air-dry. Immediately after, spray the
plate with Spray reagent B, and allow the plate to air-dry. Examine the plate under UV
light at 365 nm.

Acceptance criteria: The chromatogram of the Sample solution exhibits several zones
having a yellowish-orange fluorescence, one of which, appearing at an RF value of about
0.5, corresponds in RF value and intensity to a similar zone in the chromatogram of the
Standard solution. The chromatogram of the Sample solution exhibits also two zones of
red fluorescence, one at an RF value of about 0.85 (presence of hypericin) and the other
at an RF value of about 0.80 (presence of pseudohypericin), and two zones of higher blue
fluorescence (presence of chlorogenic and neochlorogenic acids) located below the yellow
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to yellowish-orange hyperoside zone.

Add the following:
•  A. It meets the requirements in Specific Tests, Botanic Characteristics. 

Add the following:
•  B. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rutin RS in methanol
Standard solution B:  0.5 mg/mL of USP Hyperoside RS in methanol
Standard solution C:  50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol,

sonicate for 20 min, centrifuge, and use the clear supernatant
Sample solution:  Sonicate 1 g of Powdered St. John's Wort in 10 mL of methanol for about

20 min, centrifuge, and use the clear supernatant.
Chromatographic system 

Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)

Application volume:  2 µL, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 30% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, glacial acetic acid, formic acid,

water, and methylene chloride (10: 1.0: 1.0: 1.1: 2.5)
Developing distance:  6 cm
Derivatization reagent A:  5 mg/mL solution of 2-aminoethyl diphenylborinate in ethyl

acetate
Derivatization reagent B:  10 mg/mL solution of polyethylene glycol 400 in methylene

chloride
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution

Apply the samples as bands to a suitable, high performance, thin-layer chromatographic

plate, and dry in air (see Chromatography 621 ). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber, and dry in air. Heat the plate at

105  for 3 min, derivatize the plate while still warm with Derivatization reagent A, and dry
in air. Then derivatize with Derivatization reagent B, dry in air, and examine under UV light
at 366 nm.

System suitability:  The chromatogram of Standard solution C exhibits, in the lower third
section, two yellowish-orange fluorescent bands corresponding to the bands due to rutin
and hyperoside in the chromatograms of Standard solution A and Standard solution B,
respectively; a blue fluorescent band directly below the band due to hyperoside,
corresponding to chlorogenic acid; and two red fluorescent bands due to pseudohypericin
(lower RF) and hypericin in the upper third section of the chromatogram. The bands are
clearly separated due to pseudohypericin and hypericin.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands: two yellowish-orange fluorescent bands at RF corresponding to the rutin and
hyperoside bands in the chromatograms of Standard solution A, Standard solution B, and
Standard solution C; a blue fluorescent band directly below the band due to hyperoside,
corresponding to the chlorogenic acid band in the chromatogram of Standard solution C;
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two red fluorescent bands at RF corresponding to the pseudohypericin and hypericin bands
in the chromatogram of Standard solution C; and two to three yellowish-orange
fluorescent bands in the middle third section of the chromatogram corresponding to similar
bands in the chromatogram of Standard solution C.

COMPOSITION

Change to read:
•  Content of Hypericin and Pseudohypericin
[Note—Conduct all sample preparations with minimal exposure to subdued light, and use low-

actinic glassware to protect solutions from light.]
Solvent:  Methanol and acetone (1:1)
Solution A:  Phosphoric acid and water (3:997)
Solution B:  Acetonitrile
Solution C:  Methanol
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Solution C
(%)

0 100 0 0
10 85 15 0
30 70 20 10
40 10 75 15
55 5 80 15
56 100 0 0
66 100 0 0

Standard solution A:  2.5 µg/mL of USP Oxybenzone RS in Solvent
Standard solution B:  1 mg/mL of USP Powdered St. John's Wort Extract RS in Solvent
Sample solution:  Weigh 10 g of Powdered St. John's Wort. Transfer 1 g to a round-bottom

flask equipped with a condenser and protected from light, add 50 mL of Solvent and a

magnetic stirring bar, and heat at 60  for 2 h while stirring. Cool to room temperature, and
pass through filter paper into a 50-mL volumetric flask. Wash the flask and the residue on
the filter with Solvent, and dilute with the washings to volume. Pass the solution through
a polytef membrane filter having a 0.45-µm or finer pore size, and use the filtrate.
Weigh 1 g of Powdered St. John's Wort into a round-bottom flask equipped with a
condenser and protected from light, add 50 mL of Solvent and a magnetic stirring bar, and

heat at 60  for 2 h while stirring. Cool to room temperature, and pass through filter paper
into a 50-mL volumetric flask. Wash the flask and the residue on the filter with Solvent,
and dilute with the washings to volume. Pass the solution through a polytef membrane
filter of 0.45-µm or finer pore size, and use the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm and Vis 588 nm
Columns 

Guard:  Packing L1
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Analytical:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL. [Note—First equilibrate the system with 100% Solution A.]

System suitability 
Samples:  Standard solution A (record the peak responses at 270 nm) and Standard

solution B (record the peak responses at 270 nm and 588 nm)
Suitability requirements 

Chromatogram similarity:  The chromatograms from Standard solution B are similar to
the respective reference chromatograms provided with the lot of USP Powdered St.
John's Wort Extract RS being used.

Column efficiency:  NLT 100,000 theoretical plates for oxybenzone
Tailing factor:  NMT 1.5 for oxybenzone
Relative standard deviation:  NMT 2.0%, Standard solution A

Analysis 
Samples:  Standard solution A and Sample solution

Measure the areas of the relevant peaks at 270 nm in the chromatogram of the Sample
solution. 
Separately calculate the percentage of hypericin (C30H16O8) and pseudohypericin
(C30H16O9) in the portion of Powdered St. John's Wort taken:

Result = (rU/rS) × CS × (V/W) × (1/F) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of oxybenzone from Standard solution A
CS= concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for the relevant analyte relative to that of oxybenzone, 1.30

for hypericin and 1.24 for pseudohypericin
Acceptance criteria:  NLT 0.04% on the dried basis

•  Content of Hyperforin
Analysis:  Using the chromatograms obtained in the test for Content of Hypericin and

Pseudohypericin, calculate the percentage of hyperforin (C35H52O4) in the portion of
Powdered St. John's Wort taken:

Result = (rU/rS) × CS × (V/W) × (1/F) × 100

rU= peak area of hyperforin from the Sample solution
rS= peak area of oxybenzone from Standard solution A
CS= concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered St. John's Wort taken to prepare the Sample solution (mg)
F= relative response factor for hyperforin relative to that of oxybenzone, 0.46
Acceptance criteria:  NLT 0.6% on the dried basis

CONTAMINANTS
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•  Heavy Metals 231 : NMT 20 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104

cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli and for absence of Staphylococcus
aureus.

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  Buff to greenish-brown powder with an aromatic and balsamic odor
Microscopic:  Elongated and polygonal epidermal cells with thickened and beaded anticlinal

walls, some accompanied by paracytic (occasionally anomocytic) stomata; fragments of
leaf and sepal with schizogenous oil and pigment glands; narrow, thin-walled, elongated
epidermal cells with straight and wavy anticlinal walls from petal; narrow, lignified vessels
with annular or reticulate thickening; tracheids and tracheidal vessels with lignified, pitted
thickening; thick-walled lignified fibers with tapering apices and occasional oblique pits;
rectangular, lignified, pitted parenchyma; fibrous layer of antheral wall; and pollen grains,
20–25 µm in diameter, with smooth exine.

Delete the following:

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2% 

Add the following:

•  Loss on Drying 731
Sample:  1.0 g of Powdered St. John's Wort

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561 : NMT 5.0%

Delete the following:

•  Articles of Botanical Origin, Water Content 561 : NMT 10.0% 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in tight containers, protected from light and moisture.
•  Labeling: The label states the Latin binomial and, following the official name, the parts of

the plant source from which the article was derived.

•  USP Reference Standards 11
USP Hyperoside RS 
USP Oxybenzone RS 
USP Powdered St. John's Wort Extract RS
USP Rutin RS 

BRIEFING

Powdered St. John's Wort Extract, USP 36 page 1582. On the basis of comments received, it
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is proposed to revise the TLC Identification test A. Editorial changes were also made.

(DS: M. Sharaf.)
Correspondence Number—C125683

Comment deadline: May 31, 2013
Powdered St. John's Wort Extract

DEFINITION

Powdered St. John's Wort Extract is prepared from comminuted St. John's Wort extracted with
80% methanol or other suitable solvents. It contains NLT 90.0% and NMT 110.0% of the
labeled combined total of hypericin (C30H16O8) and pseudohypericin (C30H16O9) and NLT 90.0%
and NMT 110.0% of hyperforin (C35H52O4), on the dried basis.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test: (presence of hypericin,

pseudohypericin, hyperoside, and rutin)
Standard solution: 50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol.

Shake well, and use the clear supernatant.
Sample solution: 50 mg/mL of Powdered Extract in methanol. Shake well, and use the clear

supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.50-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Upper layer of a mixture of ethyl acetate, glacial acetic

acid, formic acid, and water (10: 1.1: 1.1: 2.6)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 400 in alcohol

Analysis 
Samples: Standard solution and Sample solution 

Develop the chromatogram until the solvent front has moved NLT 18 cm, and dry the
plate with the aid of a current of air. Spray the plate with Spray reagent A, then with
Spray reagent B, and examine the plate under UV light at 365 nm.

Acceptance criteria:  The two red zones due to hypericin and pseudohypericin at RF values
of about 0.85 and 0.80, respectively, in the chromatogram of the Sample solution,
correspond in color and RF value to those in the chromatogram of the Standard solution;
the two yellow zones due to hyperoside and rutin at RF values of about 0.50 and 0.35,
respectively, in the chromatogram of the Sample solution, correspond in color and RF value
to those in the chromatogram of the Standard solution. Other colored zones of varyious
intensities may be observed in the chromatogram of the Sample solution.

Add the following:
•  A. Thin-Layer Chromatography

Standard solution A:  0.5 mg/mL of USP Rutin RS in methanol
Standard solution B:  0.5 mg/mL of USP Hyperoside RS in methanol
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Standard solution C:  50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol,
sonicate for 20 min, centrifuge, and use the clear supernatant.

Sample solution:  50 mg/mL of Powdered St. John's Wort Extract in methanol, sonicate for
20 min, centrifuge, and use the clear supernatant.

Chromatographic system  

(See Chromatography 621 Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  2 µL, as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 30% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, glacial acetic acid, formic acid,

water, and methylene chloride (10: 1.0: 1.0: 1.1: 2.5)
Developing distance:  6 cm
Derivatization reagent A:  5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Derivatization reagent B:  10 mg/mL of polyethylene glycol 400 in methylene chloride

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber, remove the

plate from the chamber, and dry in air. Heat the plate at 105  for 3 min, derivatize the
plate while still warm with Derivatization reagent A, and dry in air. Then derivatize with
Derivatization reagent B, dry in air, and examine under UV light at 366 nm.

System suitability:  The chromatogram of Standard solution C exhibits, in the lower third
section, two yellowish-orange fluorescent bands corresponding to the bands due to rutin
and hyperoside in the chromatograms of Standard solution A and Standard solution B,
respectively; a blue fluorescent band directly below the band due to hyperoside,
corresponding to chlorogenic acid; and two red fluorescent bands due to pseudohypericin
(lower RF) and hypericin in the upper third section of the chromatogram. The bands due to
pseudohypericin and hypericin are clearly separated.

Acceptance criteria:  The chromatogram of the Sample solution exhibits the following
bands: two yellowish-orange fluorescent bands at RF corresponding to the rutin and
hyperoside bands in the chromatograms of Standard solution A, Standard solution B, and
Standard solution C; a blue fluorescent band directly below the band due to hyperoside,
corresponding to the chlorogenic acid band in the chromatogram of Standard solution C;
two red fluorescent bands at RF corresponding to the pseudohypericin and hypericin bands
in the chromatogram of Standard solution C; and two to three yellowish-orange
fluorescent bands in the middle third section of the chromatogram corresponding to similar
bands in the chromatogram of Standard solution C.

Change to read:
•  B. Thin-Layer Chromatography

Presence of hyperforin 
Standard solution and Sample solution:  Proceed as directed in Identification test A.

Standard solution:  50 mg/mL of USP Powdered St. John's Wort Extract RS in methanol.
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Sonicate for 20 min, and use the clear supernatant.
Sample solution:  50 mg/mL of Powdered St. John's Wort Extract in methanol. Sonicate

for 20 min, and use the clear supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.50-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Solvent hexane and ethyl acetate (4:1)
Spray reagent:  Prepare a solution containing 0.38 g of ceric ammonium sulfate and 3.8 g

of ammonium molybdate in 100 mL of 2 N sulfuric acid.
Analysis 

Samples:  Standard solution and Sample solution 
Develop the chromatograms in a saturated chamber until the solvent front has moved
NLT 18 cm, and dry the plate with the aid of a current of air. Spray the plate with Spray

reagent, heat the plate at 140  for 15 min, and examine under UV
visible

light.
Acceptance criteria:  The blue zone due to hyperforin at an RF value of about 0.54 in the

chromatogram of the Sample solution corresponds in color and RF value to that in the
chromatogram of the Standard solution.

COMPOSITION
•  Content of Hypericin and Pseudohypericin
[Note—Conduct all sample preparations with minimal exposure to subdued light, and use low-

actinic glassware to protect solutions from light.]
Solvent:  Methanol and acetone (1:1)
Solution A:  Phosphoric acid and water (3:997)
Solution B:  Acetonitrile
Solution C:  Methanol
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Solution C
(%)

0 100 0 0
10 85 15 0
30 70 20 10
40 10 75 15
55 5 80 15
56 100 0 0
66 100 0 0

Standard solution A:  2.5 µg/mL of USP Oxybenzone RS in Solvent
Standard solution B:  1 mg/mL of USP Powdered St. John's Wort Extract RS in Solvent
Sample solution:   1 mg/mL of Powdered Extract in a mixture of methanol and water (9:1).

Sonicate to dissolve, pass through a polytef membrane filter of 0.45-µm or finer pore size,
and use the filtrate.

Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm and Vis 588 nm
Columns 

Guard:  Packing L1
Analytical:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL. [Note—First equilibrate the system with 100% Solution A.]

System suitability 
Samples:  Standard solution A (record the peak responses at 270 nm) and Standard

solution B (record the peak responses at 270 and 588 nm)
Suitability requirements 

Chromatogram similarity:  The chromatograms from Standard solution B are similar to
the respective reference chromatograms provided with the lot of USP Powdered St.
John's Wort Extract RS being used.

Column efficiency:  NLT 100,000 theoretical plates for oxybenzone, Standard solution A
Tailing factor:  NMT 1.5 for oxybenzone, Standard solution A
Relative standard deviation:  NMT 2.0%, Standard solution A

Analysis 
Samples:  Standard solution A and Sample solution

Measure the areas at 270 nm of the relevant peaks in the chromatogram of the Sample
solution. 
Calculate the percentage of the labeled amount of hypericin (C30H16O8) and
pseudohypericin (C30H16O9) in the portion of Powdered Extract taken:

Result = (SrUi/Fi) × (1/rS) × (CS/CU) × 100

SrUi/Fi= sum of the peak areas of hypericin and pseudohypericin from the Sample solution
divided by their respective response factors relative to oxybenzone, 1.30 for
hypericin and 1.24 for pseudohypericin

rS = peak area of oxybenzone from Standard solution A
CS = concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
CU = nominal concentration of the total hypericins content in the Sample solution

(mg/mL)
Acceptance criteria:  90.0%–110.0% on the dried basis

•  Content of Hyperforin
Analysis:  Using the chromatograms obtained in the test for Content of Hypericin and

Pseudohypericin, calculate the percentage of hyperforin (C35H52O4) in the portion of
Powdered Extract taken:

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

rU= peak area of hyperforin from the Sample solution
rS= peak area of oxybenzone from Standard solution A
CS= concentration of USP Oxybenzone RS in Standard solution A (mg/mL)
CU= nominal concentration of hyperforin in the Sample solution (mg/mL)
F= relative response factor for hyperforin relative to that of oxybenzone, 0.46
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Acceptance criteria:  90.0%–110.0% on the dried basis

CONTAMINANTS

•  Heavy Metals, Method II 231 : NMT 50 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104

cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 5%

•  Articles of Botanical Origin, Total Ash 561 : NMT 7.0%

•  Other Requirements: It meets the requirements in Botanical Extracts 565 , Residue on
Evaporation and Residual Solvents.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from moisture and light.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was prepared. The label also indicates the content of
hypericin, pseudohypericin, and hyperforin; the extracting solvent or solvent mixture used
for preparation; and the ratio of the starting crude plant material to Powdered Extract. The
label bears a statement indicating that “Rare cases of allergic reactions and
photosensitivity have been reported with the use of St. John's Wort. St. John's Wort
interacts with numerous medications. Check with your healthcare provider before using.”

•  USP Reference Standards 11
USP Hyperoside RS 
USP Oxybenzone RS 
USP Powdered St. John's Wort Extract RS
USP Rutin RS 

BRIEFING

Powdered Valerian Extract, USP 36 page 1618 and PF 38(3) [May–June 2012]. On the basis
of comments received, it is proposed to replace the test for Loss on Drying with a test for
Water Determination.

(DS: M. Sharaf.)
Correspondence Number—C125684

Comment deadline: May 31, 2013
Powdered Valerian Extract

DEFINITION

Change to read:

PF 39(2): Mar.-Apr. 2013 144



Change to read:

Powdered Valerian Extract is prepared from comminuted Valerian and with 70% alcohol or other
suitable solvents. It contains NLT 0.3% of valerenic acid (C15H22O2). The ratio of the starting
crude plant material to the Extract is between 4:1 and 7:1.
Powdered Valerian Extract is prepared from comminuted Valerian using hydroalcoholic mixtures.

It contains NLT 0.3% of valerenic acid (C15H22O2); and NLT 0.6% of total valerenic acids,
calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid, and valerenic acid, on
the dried basis. The ratio of the starting crude plant material to the Extract is between 4:1 and
7:1.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identification Test

Standard solution: 0.5 mg/mL each of USP Fluorescein RS and USP Valerenic Acid RS, in
methanol

Sample solution: Dissolve 0.2 g of Extract in 2 mL of water, add 3 mL of a 10% aqueous
solution of potassium hydroxide, and extract this mixture with two 5-mL portions of
methylene chloride. Discard the organic phase, heat the aqueous phase on a water bath

at 40  for 10 min, cool, acidify with 7% hydrochloric acid, and extract this solution with
two 5-mL portions of methylene chloride. Dry the organic phase over anhydrous sodium
sulfate, and filter. Evaporate the filtrate to dryness, and dissolve the residue in 1.0 mL of
methylene chloride.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.5-mm layer of chromatographic silica gel mixture
Application volume 

Standard solution: 10 µL
Sample solution: 20 µL

Developing solvent system: Solvent hexane, ethyl acetate, and glacial acetic acid (65:
35: 0.5)

Spray reagent: Mix 0.5 mL of anisaldehyde with 10 mL of glacial acetic acid, 85 mL of
methanol, and 5 mL of sulfuric acid, added in the sequence specified.

Analysis 
Samples: Standard solution and Sample solution

Spray the plate with Spray reagent. Heat the plate in an oven at 105  for 10 min, and
examine the plate under white light.

Acceptance criteria: The Standard solution chromatogram shows a violet zone due to
valerenic acid at an RF value of 0.4, and a yellow zone due to fluorescein at an RF value of
0.1. The Sample solution chromatogram shows a violet zone due to valerenic acid at an RF

value of 0.4, and a blue-violet zone due to hydroxyvalerenic acid at an RF value of 0.12,
just above the yellow zone in the Standard solution. The chromatogram of the Sample
solution may show other colored zones at RF values lower than those of valerenic acid.

Add the following:

1S (USP36)
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•  A. Thin-Layer Chromatography
Standard solution A:  0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B:  40 mg/mL of USP Powdered Valerian Extract RS in methanol.

Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  40 mg/mL of Extract in methanol. Sonicate for 10 min, centrifuge, and

use the supernatant.
Chromatographic system 

Adsorbent:  Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)

Application volume:  5 µL, as 8-mm bands
Developing solvent system:  A mixture of cyclohexane, ethyl acetate, and acetic acid

(60:38:2)
Derivatization reagent A:  A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B:  0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of

sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm. Remove

the plate from the chamber, dry, derivatize with Derivatization reagent A, heat at 120  for
5 min, and examine under white light. Derivatize with Derivatization reagent B, heat at

100  for 3 min, and examine under white light.
Acceptance criteria:  After treatment with Derivatization reagent A and heating, the

Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed. 
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle of the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B.

Change to read:
•  B. HPLC Identification Test

Analysis:  Proceed as directed in the test for Content of Valerenic Acid.
Acceptance criteria:  The Sample solution chromatogram exhibits a peak at a retention

time that corresponds to that of valerenic acid in the Standard solution.
Analysis:  Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria:  The Sample solution exhibits a peak at a retention time

corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic
acid.
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COMPOSITION

Change to read:
•  Content of Valerenic Acid

Acids
Mobile phase:  Methanol and water (77:27). Add 0.5 mL of phosphoric acid to each 100

mL of the mixture.
Standard solution:  0.024 mg/mL of USP Valerenic Acid RS in methanol
Sample solution:  Transfer a quantity of the Extract, nominally equivalent to 0.6 mg of

valerenic acid, to a 25-mL volumetric flask, and add 15 mL of methanol. Stir for 10 min,
dilute with methanol to volume, mix, and filter.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection size:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor (k¢¢ ):  NLT 5 determined from the valerenic acid peak
Tailing factor:  NMT 2.0 for valerenic acid
Relative standard deviation:  NMT 2.0% for the valerenic acid peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of valerenic acid (C15H22O2) in the portion of the Extract taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Valerenic Acid RS in the Standard solution (mg/mL)
CU= concentration of the Extract in the Sample solution (mg/mL)

Acceptance criteria:  NLT 0.3%
Solution A:  Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B:  Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with

methanol to 1000 mL, mix, filter, and degas.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 40 60
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15 5 95
25 5 95
30 40 60

Solvent:  A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A:  0.05 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if

necessary.
Standard solution B:  Sonicate a portion of USP Powdered Valerian Extract RS in Solvent

to obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.

Sample solution:  Sonicate a portion of Extract in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection, pass through a membrane filter of
0.45-µm or finer pore size, discarding the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm

Column:  4.6-mm × 25-cm; end-capped, 5-µm 100  packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  25 µL

System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatogram similarity:  The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Valerian Extract
RS being used.

Tailing factor:  NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation:  NMT 2.0% for the valerenic acid peak in repeated

injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the valerenic acids in the Sample solution chromatogram by comparison with
the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used. 
Calculate the percentages of hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid in the portion of Powdered Valerian Extract taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of valerenic acid from Standard solution A
CS= concentration of valerenic acid in Standard solution A (mg/mL)
CU= concentration of the Extract in the Sample solution (mg/mL)
F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for

acetoxyvalerenic acid, and 1.00 for valerenic acid)
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Acceptance criteria:  NLT 0.3% of valerenic acid (C15H22O2); and NLT 0.6% of total
valerenic acids, calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid,
and valerenic acid, on the dried basis

CONTAMINANTS

Add the following:

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 0.5 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 0.1 µg/g

•  Articles of Botanical Origin, Pesticide Residues 561 : Meets the requirements

Delete the following:

•  Alcohol Determination, Method II 611 : NMT 2.0%, if present 

•  Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104

cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, the coliform
count does not exceed 103 cfu/g, and the Enterobacteriaceae count does not exceed 103

cfu/g.

•  Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus.

SPECIFIC TESTS

Delete the following:

•  Loss on Drying 731
Sample: 1.0 g of Extract

Analysis: Dry at 105  for 2 h.
Acceptance criteria: NMT 9%

Add the following:

•  Water Determination, Method Ia 921 : NMT 5% 

•  Articles of Botanical Origin, Total Ash 561 : NMT 7.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, store at controlled room temperature,

and protect from moisture and light.

Change to read:
•  Labeling: The label states the official name of the article and states also the Latin binomial

and the part of the plant from which the article was prepared. Label it to indicate the
content of valerenic acid, the extracting solvent used for preparation, and the ratio of the
starting crude plant material to the Extract.

The label states the official name of the article, the Latin binomial, and the part of the plant
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from which the article was prepared. Label it to indicate the content of valerenic acid and
total valerenic acids, and the ratio of the starting crude plant material to the Extract. It

meets other labeling requirements in Botanical Extracts 565 .

Change to read:

•  USP Reference Standards 11
USP Fluorescein RS 
USP Powdered Valerian Extract RS 

USP Valerenic Acid RS 

BRIEFING

Vinpocetine, USP 36 page 1620. On the basis of comments received and as part of the USP
modernization efforts, the following changes are proposed:

1. Replace the titration Assay with an HPLC Assay. The Mobile phase and Chromatographic
system in the Assay are the same as in the existing test for Organic Impurities.

2. Change the Acceptance criteria in the Assay, and hence the Definition, from “NLT
98.5% and NMT 101.5%” to “NLT 98.0% and NMT 102.0%”.

(DS: H. Dinh.)
Correspondence Number—C125068

Comment deadline: May 31, 2013
Vinpocetine

C22H26N2O2       350.45 

Eburnamenine-14-carboxylic acid, ethyl ester, (3 ,16 )-;     
Ethyl apovincamin-22-oate     [42971-09-5].

DEFINITION

Change to read:

Vinpocetine contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0%

of vinpocetine (C22H26N2O2), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. The retention time of the main peak of the Sample solution corresponds to that of the
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principal peak for the Stock standard solution, as obtained in the test for Organic
Impurities.

the main peak of Standard solution 4, as obtained in the Assay.

ASSAY

Delete the following:
•  Titrimetry 

(See Titrimetry 541 .)
Sample: 300 mg of Vinpocetine in 50 mL of a mixture of acetic anhydride and acetic acid

(1:1)
Titrimetric system 

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric

Analysis 

Perform a blank determination, and make any necessary correction. Calculate the
percentage of C22H26N2O2 in the Sample taken:

Result = [(V  B) × N × F × 100]/W

V= volume of titrant consumed by the Sample (mL)
B= volume of titrant consumed by the blank (mL)
N= normality of the titrant (mEq/mL)
F= equivalency factor, 350.5 mg/mEq
W= Sample weight (mg)

Acceptance criteria:  98.5%–101.5% on the dried basis

Add the following:
•  Procedure

Solution A:  15.4 g/L of ammonium acetate in water
Mobile phase:  Acetonitrile and Solution A (55:45)
Standard solution 1:  0.02 mg/mL of USP Vinpocetine RS in Mobile phase
Standard solution 2:  0.12 mg/mL of USP Vinpocetine Related Compound A RS and 0.10

mg/mL each of USP Vinpocetine Related Compound B RS, USP Vinpocetine Related
Compound C RS, and USP Vinpocetine Related Compound D RS in Mobile phase

Standard solution 3:  Dilute 1.0 mL of Standard solution 1 and 1.0 mL of Standard solution
2 with Mobile phase to 20.0 mL.

Standard solution 4:  0.2 mg/mL of USP Vinpocetine RS in Mobile phase
Sample solution:  0.2 mg/mL of Vinpocetine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  15 µL

System suitability 
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Sample:   Standard solution 3
[Note—The relative retention times for vinpocetine and its related compounds are shown

in Table 1.]
Suitability requirements 

Resolution:  NLT 2.0 between vinpocetine related compound B and vinpocetine related
compound D

Relative standard deviation:  NMT 2.0%, Standard solution 4
Analysis 

Samples:  Standard solution 4 and Sample solution

Calculate the percentage of vinpocetine (C22H26N2O2) in the portion of Vinpocetine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from Standard solution 4
CS= concentration of USP Vinpocetine RS in Standard solution 4 (mg/mL)
CU= concentration of Vinpocetine in the Sample solution (mg/mL)

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

Ammonium acetate solution:  15.4 g/L ammonium acetate in water
Mobile phase:  Acetonitrile and Ammonium acetate solution (55:45)
Sample solution:  1.00 mg/mL of Vinpocetine in Mobile phase
Stock standard solution:  0.02 mg/mL of USP Vinpocetine RS in Mobile phase
Standard solution 1:  0.12 mg/mL of USP Vinpocetine Related Compound A RS and 0.10

mg/mL each of USP Vinpocetine Related Compound B RS, USP Vinpocetine Related
Compound C RS, and USP Vinpocetine Related Compound D RS in Mobile phase

Standard solution 2:  Dilute 1.0 mL of Stock standard solution and 1.0 mL of Standard
solution 1 with Mobile phase to 20.0 mL.

Chromatographic system 

(See Chromatography 621 , System suitability.)

Mode:  LC
Detector:  280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min

Chromatograph the Stock standard solution and Standard solution 2, and identify the
vinpocetine peak and peaks due to the related compounds listed in Impurity Table 1.

Injection size:  15 µL (duplicate equal volumes)
System suitability 
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Sample:  Standard solution 2
Suitability requirements 

Resolution:  NLT 2.0 between vinpocetine related compound B and vinpocetine related
compound D

Solution A, Mobile phase, Standard solution 1, Standard solution 2, Standard
solution 3, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.
Sample solution:  1 mg/mL of Vinpocetine in Mobile phase

Analysis 
Samples:  Standard solution 3 and Sample solution

Record the chromatograms for up to a minimum of three times the retention time of
vinpocetine. Disregard any peak with an area less than 0.5 times the area of the peak due
to vinpocetine in Standard solution 3. 
Calculate the percentage of vinpocetine related compounds A, B, C, and D in the portion
of Vinpocetine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each of the known impurities from the Sample solution
rS= peak response of the corresponding Standard for each of the known impurities from

Standard solution 3
CS= concentration of the corresponding USP Reference Standard for each of the known

impurities in Standard solution 3 (mg/mL)
CU= concentration of Vinpocetine in the Sample solution (mg/mL)

Calculate the percentage of any unspecified individual impurity, as vinpocetine, in the
portion of Vinpocetine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each of the unspecified impurities from the Sample solution
rS= peak response of vinpocetine from Standard solution 3
CS= concentration of USP Vinpocetine RS in Standard solution 3 (mg/mL)
CU= concentration of Vinpocetine in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative 
Retention 

Time

Acceptance 
Criteria, 
NMT (%)

Vinpocetine 1.00 —
Vinpocetine related compound Aa 0.40 0.6

Vinpocetine related compound Bb 0.75 0.5

Vinpocetine related compound Cc 0.83 0.3

Vinpocetine related compound Dd 0.68 0.5

Unspecified individual impurity — 0.1
Total impurities — 1.0
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a  Ethyl (12RS,13aSR,13bSR)-13a-ethyl-12-hydroxy-2,3,5,6,12,13,13a,13b-octahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridine-12-carboxylate (ethyl vincaminate).

b  Methyl (13aS,13bS)-13a-ethyl-9-methoxy-2,3,5,6,13a,13b-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridine-12-carboxylate (apovincamine).

c  Ethyl (13aS,13bS)-13a-ethyl-10-methoxy-2,3,5,6,13a,13b-hexahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridine-12-carboxylate (methoxyvinpocetine).

d  Ethyl (12RS,13aRS,13bRS)-13a-ethyl-2,3,5,6,12,13,13a,13b-octahydro-1H-
indolo[3,2,1-de]pyrido[3,2,1-ij][1,5]naphthyridine-12-carboxylate (dihydrovinpocetine).

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample in a vacuum at 100  for 3 h.
Acceptance criteria:  NMT 0.5%.

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in dimethylformamide

Acceptance criteria:  From +127.0  to +134.0 , determined at 20

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Vinpocetine RS 
USP Vinpocetine Related Compound A RS
USP Vinpocetine Related Compound B RS
USP Vinpocetine Related Compound C RS
USP Vinpocetine Related Compound D RS

BRIEFING

Benzalkonium Chloride Solution, NF 31 page 1900. On the basis of comments received, in
the test for Alcohol Content it is proposed to replace the existing USP Alcohol
Determination–Alcohol RS with reagent grade alcohol or dehydrated alcohol. The USP Alcohol
Determination–Alcohol RS is too dilute and is unsuitable for the preparation of both the
Alcohol stock solution and the Standard solutions. End users should use the appropriate
purity value for alcohol or dehydrated alcohol when preparing the Alcohol stock solution.

(EXC: H. Wang.)
Correspondence Number—C125156

Comment deadline: May 31, 2013
Benzalkonium Chloride Solution

DEFINITION

Benzalkonium Chloride Solution contains NLT 95.0% and NMT 105.0% of the labeled amount of
benzalkonium chloride in a solution having a concentration of 1.0% or more; and NLT 93.0% and
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NMT 107.0% of the labeled amount of benzalkonium chloride in a solution having a
concentration of less than 1.0%. It may contain a suitable coloring agent and may contain NMT
10% of alcohol.
[Caution—Mixing Benzalkonium Chloride Solution with ordinary soaps and anionic detergents
may decrease or destroy the bacteriostatic activity of the Solution.]

IDENTIFICATION
•  A.

Analysis:  To 2 mL of a solution having an equivalent of 10 mg/mL of benzalkonium chloride
add 1 mL of 2 N nitric acid.

Acceptance criteria:  A white precipitate is formed and is dissolved after adding 5 mL of
alcohol.

•  B. Identification Tests—General, Chloride 191 : A solution of it in a mixture of equal
volumes of water and alcohol meets the requirements.

•  C.
Analysis:  Dissolve the residue, obtained by evaporating on a steam bath a volume of

Solution equivalent to 200 mg of benzalkonium chloride, in 1 mL of sulfuric acid. Add 100
mg of sodium nitrate, and heat on a steam bath for 5 min. Cool, dilute with water to 10
mL, add 500 mg of zinc dust, and warm for 5 min on a steam bath. To 2 mL of the clear
supernatant add 1 mL of sodium nitrite solution (1 in 20), cool in ice water, then add 3 mL
of a solution of 500 mg of 2-naphthol in 10 mL of 6 N ammonium hydroxide.

Acceptance criteria:  An orange-red color is produced.
•  D. The retention times of the major peaks for benzalkonium chloride of the Sample solution

correspond to those of the Standard solution, as obtained in the test for Ratio of Alkyl
Components.

ASSAY
•  Ratio of Alkyl Components

Solution A:  Adjust a 0.1 M solution of sodium acetate with glacial acetic acid to a pH of
5.0.

Mobile phase:  Acetonitrile and Solution A (9:11). Acetonitrile and Solution A may be
adjusted from (2:3) to (3:2) to meet system suitability requirements.

Standard solution:  4 mg/mL of benzalkonium chloride prepared from USP Benzalkonium
Chloride RS and water

Sample solution:  Transfer a volume of Solution, equivalent to 400 mg of benzalkonium
chloride, to a 100-mL volumetric flask, and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L10 or 4.6-mm × 25-cm; 10-µm packing L10
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—See Table 1. Relative retention times are provided for information only, and the

Standard should be used to ensure appropriate peak identification.]

PF 39(2): Mar.-Apr. 2013 155



Table 1

Name

Relative
Retention

Time

C10 homolog 0.9

C12 homolog 1.0

C14 homolog 1.3

C16 homolog 1.7
Suitability requirements 

Resolution:  NLT 1.5 between the C12 and C14 homologs
Relative standard deviation:  NMT 2.0% for the C12 homolog

Analysis 
Samples:  Standard solution and Sample solution

Identify the homolog peaks by comparison of the retention times from the Sample solution
with those of the Standard solution. 
Calculate the percentage of each quaternary ammonium homolog in the portion of Solution
taken:

rU= peak area of each homolog from the Sample solution
Mr= molecular weight of each homolog. The molecular weights of the C10, C12, C14, and C16

homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria:  On the solid basis, the content of the n-C12H25 homolog is NLT

40.0%, and the content of the n-C14H29 homolog is NLT 20.0% of the total
alkylbenzyldimethylammonium chloride content. The amount of the n-C12H25 and n-C14H29

homolog components together is NLT 70.0% of the total alkylbenzyldimethylammonium
chloride content.

Change to read:
•  Total Alkylbenzyldimethylammonium Chlorides

Sample solution:  Evaporate or dilute with water to 30 mL a volume of Solution equivalent
to 500 mg of benzalkonium chloride.

Analysis:  Transfer the Sample solution, with the aid of a minimum quantity of water, to a
glass-stoppered, 250-mL conical separator. Transfer 25 mL of methylene chloride. Add 10
mL of 0.1 N sodium hydroxide, and 10.0 mL of freshly prepared potassium iodide solution (1
in 20), insert the stopper in the separator, shake, allow the layers to separate, and
discard the methylene chloride layer. Wash the aqueous layer with three 10-mL portions
of methylene chloride, and discard the washings. Transfer the aqueous layer to a glass-
stoppered, 250-mL conical flask, and rinse the separator with three 5-mL portions of
water, adding the washings to the flask. Add 40 mL of cold hydrochloric acid to the flask,
mix, and titrate with 0.05 M potassium iodate VS until the solution becomes light brown in
color. Add 5 mL of methylene chloride, insert the stopper into the flask, and shake
vigorously. Continue the titration, dropwise, with shaking after each addition, until the
methylene chloride layer no longer changes color (IRA 1-Sep-2012) and the aqueous layer
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is clear yellow. Record the titrant volume, Vt, in mL. Perform a blank determination, using
20 mL of water as the sample, and record the titrant volume, Vb, in mL. [Note—Vb > Vt.]
The difference between the two titrations represents the amount of potassium iodate
equivalent to the weight of benzalkonium chloride in the sample. Each mL of 0.05 M
potassium iodate is equivalent to x/10 mg of benzalkonium chloride, where x represents
the average molecular weight of the sample, derived by summing, for all homologs, the
products:

rU= peak area of each homolog from the test for Ratio of Alkyl Components
rT= sum of all the peak areas of the homologs from the test for Ratio of Alkyl Components
Mr= molecular weight of each homolog. The molecular weights of the C10, C12, C14, and C16

homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria 

For labeled concentrations of NLT 1.0%:  95.0%–105.0%
For labeled concentrations less than 1.0%:  93.0%–107.0%

OTHER COMPONENTS

Change to read:
•  Alcohol Content (if added)

Internal standard solution:  0.06 mL/mL of tertiary butyl alcohol in water
Alcohol stock solution:  
0.015 mL/mL of alcohol (C2H5OH) in water from USP Alcohol Determination–Alcohol RS

0.03 mL/mL of alcohol (C2H5OH) in water
Standard solutions:  Introduce
10, 20, and 40 mL
5, 10, and 20 mL,

respectively, of Alcohol stock solution into three separate identical 50-mL volumetric flasks.
To each flask add a 5-mL portion of the Internal standard solution. Dilute with water to
volume, and mix thoroughly. The Standard solutions contain 0.003, 0.006, and 0.012
mL/mL of alcohol (C2H5OH), respectively.

Sample solution:  Weigh an appropriate amount of Solution into a 50-mL volumetric flask,
and pipet 5 mL of the Internal standard solution into the flask. Dilute with water to
volume, and mix thoroughly to obtain a solution containing 0.003–0.012 mL/mL of alcohol
(C2H5OH).

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.25-mm × 30-m glass or quartz capillary; 1.4-µm layer of phase G43
Temperatures 

Detector:  250

Injection port:  250
Column:  See Table 2.

(IRA 1-Sep-2012)

1S (NF32)

(IRA 1-Sep-2012)

1S (NF32)
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Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

40 — 40 7
40 30 250 15

Run time:  29 min
Carrier gas:  Helium or nitrogen
Flow rate:  See Table 3.

Table 3

Initial Flow
(mL/min)

Flow Ramp
(mL/min2)

Final Flow
(mL/min)

Hold Time at
Final Flow

(min)

1 — 1 8
1 10 3 21

Injection volume:  1 µL
Injection type:  Split 75:1

System suitability 
Sample:  Standard solution containing 0.006 mL/mL of alcohol (C2H5OH)
[Note—The relative retention times for alcohol and tertiary butyl alcohol are 0.7 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between alcohol and tertiary butyl alcohol
Relative standard deviation:  NMT 10%

Analysis 
Samples:  Standard solutions and Sample solution

Plot the peak response ratios of the alcohol to tertiary butyl alcohol in the Standard
solutions versus the content, in mL/mL, of alcohol, and draw the straight line best fitting
the plotted points. From the graph obtained, determine the content, C, in mL/mL, of
alcohol (C2H5OH) in the Sample solution. 
Calculate the percentage of alcohol (C2H5OH) in the portion of Solution (v/v) taken:

Result = V × (C × D/W) × 100

V= volume of the Sample solution, 50 mL
D= density of the Benzalkonium Chloride Solution (g/mL)
W= weight of Benzalkonium Chloride Solution taken to prepare the Sample solution (g)
Acceptance criteria:  If present, 95.0%–105.0% of the labeled amount of alcohol (C2H5OH)

IMPURITIES
•  Limit of Amines and Amine Salts

Sample:  A quantity of Solution equivalent to 5.0 g of benzalkonium chloride
Analysis:  Dissolve the Sample by heating carefully (e.g., on top of a steam bath with

water as the steam source) in 20 mL of a mixture of methanol and 1 N hydrochloric acid
VS (97:3). [Note—The mixed solution, however, must not reach the boiling point.] Add
100 mL of isopropyl alcohol, and pass a stream of nitrogen slowly through the solution.
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Gradually add 12.0 mL of 0.1 N tetrabutylammonium hydroxide VS while recording the
potentiometric titration curve.

Acceptance criteria:  If the curve shows two inflection points, the volume of titrant added
between the two points is NMT 5.0 mL, corresponding to NMT 0.1 mmol/g of amines and
amine salts. If the curve shows no point of inflection, the substance being examined does
not comply with the test. If the curve shows one point of inflection, repeat the test, but
add 3.0 mL of a 25.0 mg/mL solution of dimethyldecylamine in isopropyl alcohol before the
titration. If after the addition of 12.0 mL of the titrant, the titration curve shows only one
point of inflection, the substance being examined does not comply with the test.

•  Limit of Benzyl Alcohol, Benzaldehyde, and (Chloromethyl)benzene
[Note—Prepare the solutions immediately before use.]

Solution A:  Dissolve 1.09 g of sodium 1-hexanesulfonate and 6.9 g of monobasic sodium
phosphate in water in a 1000-mL volumetric flask, adjust with phosphoric acid to a pH of
3.5, and dilute with water to volume.

Solution B:  Methanol
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 80 20
14 50 50
35 50 50
36 20 80
55 20 80
56 80 20
65 80 20

Standard solution A:  0.25 mg/mL of USP Benzyl Alcohol RS in methanol
Standard solution B:  0.075 mg/mL of USP Benzaldehyde RS in methanol
Standard solution C:  0.025 mg/mL of USP Benzyl Alcohol RS in methanol, prepared from

Standard solution A and methanol
Sample solution:  Determine the density of the Solution. Dilute a quantity of the Solution

equivalent to 2.5 g of benzalkonium chloride with methanol to 50.0 mL. This solution
contains 50 mg/mL of benzalkonium chloride.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm for benzyl alcohol and (chloromethyl)benzene; UV 257 nm for

benzaldehyde
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution
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[Note—See Table 5 for relative retention times.]

Table 5

Name

Relative
Retention

Time

Benzyl alcohol 1.0
Benzaldehyde 1.3
(Chloromethyl)benzene 2.4

Suitability requirements 
Relative standard deviation:  NMT 5.0% for benzyl alcohol, Standard solution A
Signal-to-noise ratio:  NLT 10 for the principal peak, Standard solution C

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution

Calculate the content of (chloromethyl)benzene by multiplying the peak area of
(chloromethyl)benzene by 1.3. [Note—The correction factor is used to adjust for baseline
shift.]

Acceptance criteria 
Benzyl alcohol:  The response of the benzyl alcohol peak from the Sample solution is

NMT that of the benzyl alcohol peak from Standard solution A, corresponding to NMT
0.5%.

Benzaldehyde:  The response of the benzaldehyde peak from the Sample solution is NMT
that of the benzaldehyde peak from Standard solution B, corresponding to NMT 0.15%.

(Chloromethyl)benzene:  The response of the (chloromethyl)benzene peak from the
Sample solution is NMT 0.1 times that of the principal peak from Standard solution A,
corresponding to NMT 0.05%.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : A
solution containing less than 5.0% of benzalkonium chloride meets the requirements of the
test for absence of Pseudomonas aeruginosa.

Change to read:
•  Acidity or Alkalinity

Sample solution:  
Evaporate or dilute with carbon dioxide-free water to prepare a 50-mL solution of 10
mg/mL of benzalkonium chloride in water.

Analysis:  To the Sample solution add 0.1 mL of bromocresol purple TS.
Acceptance criteria:  NMT
0.5 mL

of 0.1 N hydrochloric acid or 0.1 N sodium hydroxide is required to change the color of the
indicator.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and prevent contact with metals.
•  Labeling: Label it to indicate the concentration of benzalkonium chloride, and to indicate the

(IRA 1-Sep-2012)

(IRA 1-Sep-2012)
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name and quantity of the coloring agent added. The labeling also indicates the
concentration of alcohol added.

Change to read:

•  USP Reference Standards 11
USP Alcohol Determination–Alcohol RS 

USP Benzaldehyde RS 
USP Benzalkonium Chloride RS 
USP Benzyl Alcohol RS 

BRIEFING

Polyoxyl 40 Stearate, NF 31 page 2157. Because Polyoxyl 40 Stearate was included in a new
monograph proposal, Polyoxyl Stearate, published in PF 37(4), Polyoxyl Stearate was
officially adopted in the 2nd Supplement to USP 35–NF 30. The Excipients Expert Committee
proposes to omit this monograph.

(EXC: H. Wang.)
Correspondence Number—C126626

Comment deadline: May 31, 2013

Delete the following:
Polyoxyl 40 Stearate

Poly(oxy-1,2-ethanediyl), -hydro- -hydroxy-, octadecanoate;     
Polyethylene glycol monostearate     [9004-99-3].

DEFINITION

Polyoxyl 40 Stearate is a mixture of the mono-esters and di-esters of Stearic Acid or Purified
Stearic Acid with mixed polyoxyethylene diols, the average polymer length being equivalent to
40 oxyethylene units.

IDENTIFICATION

•  A. Infrared Absorption 197M
Sample: Undried specimen
Acceptance criteria: Meets the requirements

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS

•  Congealing Temperature 651 : 37 –47

•  Fats and Fixed Oils, Acid Value 401 : NMT 2

•  Fats and Fixed Oils, Hydroxyl Value 401 : 25–40

•  Fats and Fixed Oils, Saponification Value 401 : 25–35

(IRA 1-Sep-2012)
1S (NF32)
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•  Water Determination, Method I 921 : NMT 3.0%
•  Free Polyethylene Glycols

Solution A: 290 mg/mL of sodium chloride
Sample: 6 g
Analysis: Transfer the Sample to a 500-mL separator containing 50 mL of ethyl acetate.

Dissolve completely, then add 50 mL of Solution A, shake vigorously for 2 min, and allow to
separate for 15 min. If separation is incomplete, carefully insert the separator into the well
of a steam bath for short time intervals. Repeat this technique as many times as
necessary to ensure the complete separation of the two phases. Cool, and drain the
lower, aqueous phase into a second 500-mL separator, and extract the upper layer with a
second 50-mL portion of Solution A. 
Repeat the separation as before, including the steam bath technique, to enhance
complete separation. To the combined aqueous layers add 50 mL of ethyl acetate, shake
vigorously for 2 min, and allow to separate as before. Drain the lower, aqueous phase into
a third 500-mL separator, and extract it with two 50-mL portions of chloroform by shaking
for 2 min each time. 
Repeat the steam bath technique to ensure complete separation. Evaporate the combined
chloroform extracts in a 150-mL beaker on a steam bath, with the aid of a stream of
nitrogen, to apparent dryness. Redissolve in 15 mL of chloroform, and transfer to a filter,
collecting the filtrate in a 150-mL beaker. Rinse the funnel with several small portions of
chloroform, and evaporate the combined filtrate and rinsings, as described above, until no

odor of chloroform or ethyl acetate is perceptible. Dry under vacuum at 60  for 1 h. Cool
in a desiccator, and weigh.

Acceptance criteria: 17%–27%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Polyoxyl 40 Stearate RS

BRIEFING

Succinic Acid, NF 31 page 2253. As part of the USP monograph modernization effort, it is
proposed to make the following revisions:

1. In the Assay, replace the current, nonspecific titrimetric test with a chromatographic
procedure. The newly developed and validated procedure is based on an HPLC
method of analysis performed using the Grace Alltima C18 brand of column that
contains 3-µm packing L1. The typical retention times for succinic acid and fumaric
acid are 3.8 and 4.5 min, respectively.

2. Add Identification test B, which is based on HPLC peak agreement using USP Succinic
Acid RS in the newly proposed Assay.

3. Add USP Fumaric Acid RS to the USP Reference Standards 11  section.

(EXC: H. Wang.)
Correspondence Number—C109160

Comment deadline: May 31, 2013

1S (NF32)
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Succinic Acid

C4H6O4       118.09 

Butanedioic acid     [110-15-6].

DEFINITION

Succinic Acid contains NLT 99.0% and NMT 100.5% of succinic acid (C4H6O4).

IDENTIFICATION

Change to read:
•  

A.

Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  250 mg
Analysis:  Dissolve in 25 mL of carbon dioxide-free water, add 2 drops of phenolphthalein

TS, and titrate with 0.1 N sodium hydroxide VS to the production of a permanent pink
color. Each mL of 0.1 N sodium hydroxide is equivalent to 5.905 mg of C4H6O4.
Diluent:  25 mM potassium phosphate buffer, pH 2.3
Mobile phase:  Methanol and Diluent (8:92)
System suitability solution:  1.0 mg/mL of USP Succinic Acid RS and 0.003 mg/mL of

USP Fumaric Acid RS in Diluent
Standard solution:  1.0 mg/mL of USP Succinic Acid RS in Diluent
Sample solution:  1.0 mg/mL of Succinic Acid in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 204 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 

1S (NF32)

1S (NF32)
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Sample:  System suitability solution
[Note—The relative retention times for succinic acid and fumaric acid are 1.0 and 1.2,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between succinic acid and fumaric acid
Relative standard deviation:  NMT 0.5% for the succinic acid peak
Tailing factor:  0.8–2.0

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of succinic acid (C4H6O4) in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Succinic Acid RS in the Standard solution (mg/mL)
CU= concentration of Succinic Acid in the Sample solution (mg/mL)

Acceptance criteria:  99.0%–100.5%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.025%

•  Heavy Metals, Method I 231 : NMT 20 µg/g

SPECIFIC TESTS

•  Melting Range or Temperature 741 : 185.0 –190.0

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in a well-closed container. No storage requirements

specified.

Change to read:

•  USP Reference Standards 11
USP Fumaric Acid RS 

USP Succinic Acid RS

BRIEFING

Apomorphine Hydrochloride, USP 36 page 2519. As part of the USP monograph modernization
effort, the following revisions, based on the current monograph for Apomorphine
Hydrochloride Hemihydrate in the European Pharmacopoeia, are proposed:

1. In the Identification section, the wet chemistry procedures for Identification tests B
and C are deleted. Identification test D (test for chloride) is replaced with a more
detailed procedure, and the reference to Identification Tests—General, Chloride
<191> is added.

2. The non-specific TLC test for Ordinary Impurities is replaced with an Organic Impurities
HPLC procedure. This procedure is based on the analyses performed with the Waters

1S (NF32)

1S (NF32)

PF 39(2): Mar.-Apr. 2013 164



Symmetry brand of L1 column. The typical retention time of the apomorphine peak is
about 16–18 min.

3. The titration procedure for the Assay is revised to eliminate the use of mercuric
acetate, which is a safety hazard. The upper limit of the acceptance criteria has
been changed from 100.5% to 101.5%.

4. The test for Decomposition Products is deleted because the impurities are now being
monitored in the test for Organic Impurities.

5. The test for Optical Rotation, Specific Rotation is revised to replace dimethylsulfoxide
with a more environmentally friendly aqueous solution of hydrochloric acid, and the
acceptance criteria are changed accordingly.

6. The acceptance criteria in the Loss on Drying test have been widened from 2.0%–3.5%
to 2.0%–4.2%.

(SM3: R.-H. Yeh, E. Gonikberg.)
Correspondence Number—C118627

Comment deadline: May 31, 2013
Apomorphine Hydrochloride

C17H17NO2·HCl·½H2O       312.79 
C17H17NO2·HCl       303.79 

4H-Dibenzo[de,g]quinoline-10,11-diol, 5,6,6a,7-tetrahydro-6-methyl-, hydrochloride,
hemihydrate, (R)-;     

6a -Aporphine-10,11-diol hydrochloride hemihydrate     [41372-20-7].
Anhydrous     [314-19-2].

DEFINITION

Change to read:

Apomorphine Hydrochloride contains NLT 98.5% and NMT 100.5%
101.5%

of apomorphine hydrochloride (C17H17NO2·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:
•  B. Procedure

Sample solution: 10 mg/mL of Apomorphine Hydrochloride in water.
Analysis: To 5 mL of the Sample solution, add a slight excess of 50 mg/mL sodium

bicarbonate solution: a white or greenish-white precipitate is formed. Add 3 drops of
iodine TS, and shake vigorously: an emerald-green color is produced. Add 5 mL of ether
and, after vigorous shaking, allow the layers to separate: the ether is colored deep ruby-

1S (USP37)
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red while the water layer retains its green color.

Delete the following:
•  C. Procedure

Analysis: Dissolve it in nitric acid.
Acceptance criteria: A dark purple solution is produced.

Delete the following:
•  D. Procedure

Analysis: To a solution of it, add silver nitrate TS.
Acceptance criteria: A white precipitate, which is insoluble in nitric acid, is formed. This

precipitate soon darkens by reduction to metallic silver, the reduction being accelerated
by the addition of 6 N ammonium hydroxide.

Add the following:

•  B. Identification Tests—General, Chloride 191
Sample solution:  10 mg/mL of Apomorphine Hydrochloride in carbon dioxide-free water
Analysis:  To 2 mL of the Sample solution add 0.1 mL of nitric acid. Mix, filter, and use the

filtrate.
Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample solution:  Dissolve 300 mg of Apomorphine Hydrochloride in 100 mL of glacial acetic
acid with the aid of heat provided by a steam bath. Add 0.1 mL of acetic anhydride to the
hot solution, and stir for 5 min. Cool to room temperature.
Dissolve 250 mg of Apomorphine Hydrochloride in a mixture of 5.0 mL of 0.01 N hydrochloric
acid and 50 mL of alcohol.

Analysis:  To the Sample solution, add 5 mL of mercuric acetate TS and 0.25 mL of crystal
violet TS. Titrate with 0.1 N perchloric acid VS to a blue endpoint. Perform a blank

determination and perform any necessary correction (see Titrimetry 541 ). Each mL of
0.1 N perchloric acid is equivalent to 30.38 mg of apomorphine hydrochloride
(C17H17NO2·HCl.)
Titrate the Sample solution with 0.1 N sodium hydroxide VS. Read the volume added
between the first two points of inflexion. Each mL of 0.1 N sodium hydroxide is equivalent
to 30.38 mg of apomorphine hydrochloride (C17H17NO2·HCl).

Acceptance criteria:  98.5%–100.5%
101.5%

on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:

•  Ordinary Impurities 466
Solvent for Standard solution and Sample solution: Methanol
Eluant: 1-Butanol, water, and formic acid (7:2:1)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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Visualization: A freshly prepared mixture of 10% ferric chloride solution and 5% potassium
ferricyanide solution (2:1). Allow the chromatograms to develop until the solvent front has
moved about 8 cm. [Note—The development time is 1.5–2 h. ] Allow the plates to dry at
room temperature for 1 h prior to spraying.

Delete the following:
•  Decomposition Products

Analysis: Shake 100 mg with 5 mL of ether.
Acceptance criteria: The ether acquires NMT a pale reddish color.

Add the following:
•  Organic Impurities

Diluent:  Glacial acetic acid and water (1:99)
Solution A:  1.1-g/L solution of sodium octanesulfonate, adjusted with diluted phosphoric

acid (1:1) to a pH of 2.2
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
2 85 15
32 68 32
37 68 32

Return to original conditions and re-equilibrate the system.
System suitability solution:  0.25 mg/mL each of USP Apomorphine Hydrochloride RS and

boldine in Diluent. [Note—Boldine is 2,9-dihydroxy-1,10-dimethoxyaporphine.]
Standard solution:  2.5 µg/mL of USP Apomorphine Hydrochloride RS in Diluent
Sensitivity solution:  0.14 µg/mL of USP Apomorphine Hydrochloride RS in Diluent from the

Standard solution. [Note—The peak response of this solution is equivalent to that of a
solution containing 1.25 µg/mL of morphine hydrochloride, taking into account the relative
response factor of this impurity (see Table 2).]

Sample solution:  2.5 mg/mL of Apomorphine Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 15-cm; 5-µm end-capped packing L1

Column temperature:  35
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
[Note—The typical relative retention times for boldine and apomorphine are about 0.9 and

1.0, respectively.]
Suitability requirements 

1S (USP37)

1S (USP37)
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Resolution:  NLT 2.5 between boldine and apomorphine, System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Apomorphine
Hydrochloride taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of apomorphine from the Standard solution
CS= concentration of USP Apomorphine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Apomorphine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard any peak below 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Morphine 0.4 0.11 0.15
Apomorphine 1.0 — —
Any other individual impurity — 1.0 0.10
Total impurities — — 0.5

SPECIFIC TESTS

Change to read:

•  Optical Rotation, Specific Rotation 781S
Sample solution:  15 mg/mL in dimethylsulfoxide
10 mg/mL in Diluent
Diluent:  2.06-g/L solution of hydrochloric acid in water

Acceptance criteria:  60.5  to 63.0

48  to 52 , determined at 20

Change to read:

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 2 h.
Acceptance criteria:   2.0%–3.5%
4.2%

•  Color of Solution
Sample solution:  Place 100 mg of Apomorphine Hydrochloride in a suitable test tube, add

10 mL of cold, oxygen-free water, and agitate gently until dissolved.
Standard solution:  Dissolve 5 mg of Apomorphine Hydrochloride in 100.0 mL of water.

Transfer 1.0 mL of this solution to a test tube of the same size as that used for the
Sample solution. Dilute with 6 mL of water, add 1 mL of a 50-mg/mL sodium bicarbonate

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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solution, and then add 0.50 mL of iodine TS. Allow to stand for 30 s, add 0.60 mL of a 25-
mg/mL sodium thiosulfate solution, and dilute with water to 10 mL.

Acceptance criteria:  The color of the Sample solution, observed promptly after the
Apomorphine Hydrochloride has dissolved, is not more intense than that of a color of the
Standard solution.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Apomorphine Hydrochloride RS 

BRIEFING

Aripiprazole, PF 38(2) [Mar.–Apr. 2012]. It is proposed to remove text that is not suitable for
the public standard from the note in the Assay.

(SM4: H. Joyce.)
Correspondence Number—C125691

Comment deadline: May 31, 2013

Add the following:
Aripiprazole

C23H27Cl2N3O2       448.39 

2(1H)-Quinolinone, 7-[4-[4-(2,3-dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihydro-;     
7-[4-[4-(2,3-Dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihydrocarbostyril     [129722-12-9].

DEFINITION

Aripiprazole contains NLT 98.0% and NMT 102.0% of aripiprazole (C23H27Cl2N3O2), calculated
on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure 

Protect the solutions from light.
Diluent:  Acetonitrile, methanol, water, and acetic acid (30:10:60:1)
Solution A:  Acetonitrile and 0.05% trifluoroacetic acid (10:90)
Solution B:  Acetonitrile and 0.05% trifluoroacetic acid (90:10)
Mobile phase:  See Table 1.
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
2 80 20
10 65 35
20 10 90
25 10 90
26 80 20
35 80 20

[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 650 µL. The injection time can be adjusted relative to the start of a run to
accommodate changes in dwell volume from one HPLC system to another to achieve the
separation described.

]

System suitability solution:  1 µg/mL each of USP Aripiprazole RS and USP Aripiprazole Related
Compound F RS in Diluent

Standard solution:  0.1 mg/mL of USP Aripiprazole RS in Diluent
Sample solution:  0.1 mg/mL of Aripiprazole in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for aripiprazole and aripiprazole related compound F are 1.0
and 1.1, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between aripiprazole and aripiprazole related compound F, System
suitability solution

Tailing factor:  NMT 1.5 for aripiprazole, System suitability solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of aripiprazole (C23H27Cl2N3O2) in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Aripiprazole RS in the Standard solution (mg/mL)
CU= concentration of Aripiprazole in the Sample solution (mg/mL)

1S (USP37)
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Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities 

Protect the solutions from light.
Diluent, Solution A, Solution B, Mobile phase,

System suitability solution, Standard solution,
Sample solution, Chromatographic system, and System suitability:  Proceed as

directed in the Assay.
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Aripiprazole taken:

Result = (rI/rU) × (1/F) × 100

rI= peak response of each impurity from the Sample solution
rU= peak response of aripiprazole from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Aripiprazole related compound Ga 0.9 0.72 0.10
Aripiprazole 1.0 — —
Aripiprazole related compound Fb,c 1.1 — —

Aripiprazole 4,4¢-dimerd 1.3 1.0 0.10
Any other individual impurity — 1.0 0.10
Total impurities — — 0.50

a  7-{4-[4-(2,3-Dichlorophenyl)piperazin-1-yl]butoxy}quinolin-2(1H)-one.
b  4-(2,3-Dichlorophenyl)-1-[4-(2-oxo-1,2,3,4-tetrahydroquinolin-7-yloxy)butyl]piperazin

1-oxide.
c  For system suitability and identification purposes only.
d  1,1¢-(Ethane-1,1-diyl)bis(2,3-dichloro-4-{4-[3,4-dihydroquinolin-2(1H)-one-7-

yloxybutyl]piperazin-1-yl}benzene).

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 0.3%

ADDITIONAL REQUIREMENTS

1S (USP37)
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•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

•  USP Reference Standards 11
USP Aripiprazole RS 
USP Aripiprazole Related Compound F RS  

4-(2,3-Dichlorophenyl)-1-[4-(2-oxo-1,2,3,4-tetrahydroquinolin-7-yloxy)butyl]piperazin
1-oxide.     
C23H27Cl2N3O3      464.38

BRIEFING

Atropine Sulfate, USP 36 page 2561. On the basis of comments received, it is proposed to
revise the Assay as follows:

1. Revise the calculation to be based upon an external reference standard to strengthen
the public monograph.

2. Add a Standard solution to support the proposed calculation.
3. Remove text from the Note that is not suitable for inclusion in the public standard.

(SM4: H. Joyce.)
Correspondence Number—C125081

Comment deadline: May 31, 2013
Atropine Sulfate

(C17H23NO3)2·H2SO4·H2O       694.83 

Anhydrous           676.83 

Benzeneacetic acid, -(hydroxymethyl)-, 8-methyl-8-azabicyclo[3.2.1]oct-3-yl ester, endo-
(±)-, sulfate (2:1) (salt), monohydrate;     
1 H,5 H-Tropan-3- -ol (±)-tropate (ester), sulfate (2:1) (salt) monohydrate     [5908-99-6].
Anhydrous     [55-48-1].

DEFINITION

Change to read:

Atropine Sulfate contains NLT 98.5% and NMT 101.0% of
NLT 98.0% and NMT 102.0% of atropine sulfate

(C17H23NO32·H2SO4), calculated on the anhydrous basis.
[Caution—Handle Atropine Sulfate with exceptional care, because it is highly potent.]

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Identification Tests—General, Sulfate 191

1S (USP36)
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Sample solution:  50 mg/mL
Acceptance criteria:  Meets the requirements

Add the following:
•  C. The retention time of the major peak in the Sample solution corresponds to that of the

System suitability solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  1 g of Atropine Sulfate
Blank:  glacial acetic acid
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve sample in 50 mL of glacial acetic acid. Titrate with Titrant. Perform the
Blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 67.68 mg of atropine sulfate (C17H23 NO3)2·H2SO4.

Acceptance criteria:  98.5%–101.0% on the anhydrous basis
Buffer:  1.8 g/L of monobasic potassium phosphate and 2.5 g/L of sodium 1-
pentanesulfonate monohydrate, adjusted with phosphoric acid to a pH of 2.5
Diluent:  Acetonitrile and Buffer (20:80)
Solution A:  Acetonitrile and Buffer (5:95)
Solution B:  Acetonitrile and Buffer (80:20)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 92 8
11 79 21
15 46 54

15.1 92 8
20 92 8

[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 0.8 mL. The injection time can be adjusted relative to the start of a run
to accommodate changes in dwell volume from one HPLC system to another to achieve
the separation described.]

System suitability solution:  1 µg/mL of USP Hyoscyamine Related Compound A RS and
0.5 mg/mL of USP Atropine Sulfate RS in Diluent
Standard solution:  0.5 mg/mL of USP Atropine Sulfate RS in Diluent

Sensitivity solution:  0.25 µg/mL of USP Atropine Sulfate RS in Diluent
Sample solution:  0.5 mg/mL of Atropine Sulfate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)

1S (USP36)
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Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  50
Flow rate:  2 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 
[Note—See Table 2 for the relative retention times.]

Resolution:  NLT 1.4 between hyoscyamine related compound A and atropine,
System suitability solution

Tailing factor:  0.8–1.8 for atropine, System suitability solution
Signal-to-noise ratio:  NLT 10 for atropine, Sensitivity solution
Relative standard deviation:  NMT 1.0 for atropine, System suitability solution

Analysis 
Samples:  
Standard solution and

Sample solution 
Calculate the percentage of atropine sulfate (C17H23NO32·H2SO4) in the portion of
Atropine Sulfate taken:

Result = (rU/rT) × 100

rU= peak response of atropine from the Sample solution
rT= sum of the responses of all peaks from the Sample solution

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of atropine from the Sample solution
rS= peak response of atropine from the Standard solution
CS= concentration of USP Atropine Sulfate RS in the Standard solution
CU= concentration of Atropine Sulfate in the Sample solution

Acceptance criteria:  NLT 98.0% and NMT 102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

Change to read:
•  Other Alkaloids

Organic Impurities
Sample solution:  15 mg/mL of Atropine Sulfate in water
Analysis:  

Analysis A:   To 5 mL of the Sample solution, add a few drops of Platinic Chloride TS.
Analysis B:  To 5 mL of the Sample solution, add 2 mL of 6 N ammonium hydroxide, and

shake vigorously.
Acceptance criteria: The requirements for Analysis A and Analysis B must both be

met. 

1S (USP37)
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Analysis A:  No precipitate is formed
Analysis B:  A slight opalescence may develop, but no turbidity is produced.
Buffer, Diluent, Solution A, Solution B, Mobile phase, System suitability solution,
Sensitivity solution, Sample solution, Chromatographic system, and System
suitability:  Proceed as directed in the Assay.
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Atropine Sulfate taken:

Result = (rU/rT) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution
F= relative response factor for each impurity (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Tropic acida 0.56 2.1 0.2

7-Hydroxyhyoscyamineb 0.66 1.0 0.2

Scopolaminec 0.72 1.0 0.2

6-Hydroxyhyoscyamined 0.75 1.0 0.2

Hyoscyamine related compound Ae 0.97 1.2 0.3
Atropine 1.0 1.0 —

Littorinef 1.13 1.2 0.2

Apoatropineg 1.60 2.0 0.2
Any individual, unspecified impurity — 1.0 0.1
Total impurities — — 0.5
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a  3-Hydroxy-2-phenylpropanoic acid; also known as (2RS)-3-hydroxy-2-
phenylpropanoic acid.

b  (1S,3R,5S)-6-Hydroxy-8-methyl-8-azabicyclo[3.2.1]oct-3-yl (S)-3-hydroxy-2-
phenylpropanoate; also known as (1S,3R,5S,6RS)-6-hydroxy-8-methyl-8-
azabicyclo[3.2.1]oct-3-yl (2S)-3-hydroxy-2-phenylpropanoate.

c  (S)-(1R,2R,4S,5S,7s)-9-Methyl-3-oxa-9-azatricyclo[3.3.1.02,4]nonan-7-yl 3-hydroxy-
2-phenylpropanoate; also known as (S)-(1R,2R,4S,5S,7s)-9-methyl-3-oxa-9-
azatricyclo[3.3.1.02,4]non-7-yl (2S)- 3-hydroxy-2-phenylpropanoate.

d  (1R,3S,5R)-6-Hydroxy-8-methyl-8-azabicyclo[3.2.1]octan-3-yl (S)-3-hydroxy-2-
phenylpropanoate; also known as (1R,3S,5R,6RS)-6-hydroxy-8-methyl-8-
azabicyclo[3.2.1]oct-3-yl (2S)-3-hydroxy-2-phenylpropanoate.

e  Norhyoscyamine or (1R,3R,5S)-8-azabicyclo[3.2.1]oct-3-yl(2S)-3-hydroxy-2-
phenylpropanoate. 

f  (1R,3r,5S)-8-Methyl-8-azabicyclo[3.2.1]octan-3-yl 2-hydroxy-3-phenylpropanoate;
also known as (1R,3r,5S)-8-methyl-8-azabicyclo[3.2.1]oct-3-yl (2RS)-2-hydroxy-3-
phenylpropanoate.

g  (1R,3r,5S)-8-Methyl-8-azabicyclo[3.2.1]octan-3-yl 2-phenylacrylate; also known as
(1R,3r,5S)-8-methyl-8-azabicyclo[3.2.1]oct-3-yl 2-phenylpropenoate.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class Ia 741 : Not lower than 187 , determined after

drying at 120  for 4 h
[Note—Because anhydrous Atropine Sulfate is hygroscopic, determine its melting temperature

promptly on a specimen placed in the capillary tube immediately after drying. ]

Delete the following:

•  Optical Rotation, Angular Rotation 781A : The observed rotation, in degrees, multiplied

by 200, and divided by the length, in mm, of the polarimeter tube used, is between 0.60

and +0.05  (limit of hyoscyamine).

Sample solution: 1 g, in water to make a volume of 20 mL at 25

Add the following:

•  Optical Rotation, Specific Rotation 781
Sample solution:  0.1 mg/mL in water

Acceptance criteria:  Between 0.50  and +0.05

Delete the following:
•  Acidity

Sample solution: 0.05 mg/mL of Atropine Sulfate in water
Titrant: 0.020 N sodium hydroxide
Analysis: To 20 mL of Sample solution, and add 1 drop of Methyl Red TS. Titrate with

1S (USP36)
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Titrant.
Acceptance criteria: NMT 0.30 mL of Titrant is required to produce a yellow color.

•  Water Determination, Method I 921 : NMT 4.0%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight,
light-resistant

containers.

Change to read:

•  USP Reference Standards 11
USP Atropine Sulfate RS 
 USP Hyoscyamine Related Compound A RS 

Norhyoscyamine sulfate; (1R,3r,5S)-8-azabicyclo [3.2.1]oct-3-yl(2S)-3-hydroxy-2-
phenylpropanoate.
C16H21NO3      275.34

BRIEFING

Azelastine Hydrochloride Ophthalmic Solution. Because there is no existing USP monograph
for this dosage form, a new monograph, based on validated methods of analysis is proposed.
The HPLC procedures in the Assay and test for Organic Impurities are based upon analyses
performed with the Inertsil C8-3 brand of L7 column. The typical retention time for
azelastine is about 8–9 min.

(SM4: H. Joyce, D. Vicchio.)
Correspondence Number—C104323

Comment deadline: May 31, 2013

Add the following:
Azelastine Hydrochloride Ophthalmic Solution

DEFINITION

Azelastine Hydrochloride Ophthalmic Solution contains NLT 90.0% and NMT 110.0% of the
labeled amount of azelastine hydrochloride (C22H24ClN3O·HCl).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  2.92 g/L of octanesulfonic acid sodium salt and 0.92 g/L of monobasic potassium
phosphate in water. Adjust with 2 N sodium hydroxide solution to a pH of 6.0.

Solution A:  Acetonitrile and Buffer (1:99)

1S (USP36)
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Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 72 28
3 55 45
15 60 40

15.1 41 59
35 41 59
37 72 28
45 72 28

Diluent:  Acetonitrile and water (45:55)
System suitability solution:  0.25 µg/mL of USP Azelastine Hydrochloride RS and 0.37

µg/mL of USP Azelastine Related Compound D RS in Diluent
Standard solution:  40 µg/mL of USP Azelastine Hydrochloride RS in Diluent
Sample solution:  Nominally, 40 µg/mL of azelastine hydrochloride in solution prepared as

follows. Dilute the Ophthalmic Solution with Diluent.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  6 times the retention time of azelastine hydrochloride

System suitability 
Samples:  System suitability solution and Standard solution. [Note—The relative retention

times for azelastine and azelastine related compound D are 1.0 and 1.2, respectively.]
Suitability requirements 

Tailing factor:  NMT 2.0, Standard solution
Resolution:  NLT 1.5 between azelastine related compound D and azelastine, System

suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of azelastine hydrochloride
(C22H24ClN3O·HCl) in the portion of Ophthalmic Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Azelastine Hydrochloride RS in the Standard solution
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CU= nominal concentration of the Sample solution
Acceptance criteria:  95.0%–105.0%

IMPURITIES
•  Organic Impurities

Mobile phase, Diluent, System suitability solution, and Chromatographic system:
 Proceed as directed in the Assay.

Standard solution:  0.25 µg/mL of USP Azelastine Hydrochloride RS and 0.37 µg/mL of USP
Azelastine Related Compound D RS in Diluent

Sample solution:  Nominally, 0.25 mg/mL of azelastine hydrochloride in Diluent prepared as
follows. Dilute the Ophthalmic Solution with Diluent to achieve a solution containing the
equivalent of 0.25 mg/mL of azelastine hydrochloride.

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between azelastine and azelastine related compound D, System
suitability solution

Relative standard deviation:  NMT 10.0% each for azelastine and azelastine related
compound D, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of azelastine related compound D in the portion of Ophthalmic
Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of azelastine related compound D from the Sample solution
rS= peak area of azelastine related compound D from the Standard solution
CS= concentration of USP Azelastine Related Compound D RS in the Standard solution

(mg/mL)
CU= nominal concentration of azelastine hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any individual, unspecified degradation product in the portion
of Ophthalmic Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of any individual, unspecified impurity from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Azelastine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of azelastine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Benzohydrazide 0.31 —a
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Azelastine related compound Bb 0.47 —a

Chlorophenylacetylbenzoic acidc 0.49 —a

Azelastine 1.0 —

Azelastine related compound Dd 1.23 0.15

Azelastine related compound Ee 2.93 —a

Any individual degradation product — 0.10
Total impurities — 0.50

a  This is a process impurity which is included in the table for identification purposes only.
This impurity is controlled in the drug substance. This impurity is not to be reported for
the drug product and is not to be included in the total impurities.

b  N'-(1-Methylazepan-4-yl)benzohydrazide, also known as 1-benzoyl-2-[(4RS)-1-
methylhexahydro-1H-azepin-4-yl]diazane.

c  2-[2-(4-Chlorophenyl)acetyl]benzoic acid.
d  4-(4-Chloronbenzyl)phthalazin-1(2H)-one.
e  3-(4-Chlorobenzylidene)isobenzofuran-1(3H)-one.

SPECIFIC TESTS

•  pH 791 : 5.50–6.50

•  Osmolality and Osmolarity 785 : 271–312 mOsmol/kg

•  Particulate Matter in Ophthalmic Solutions 789 : Meets the requirements for Light
Obscuration Particle Count Test

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers at controlled room temperature.

•  USP Reference Standards 11
USP Azelastine Hydrochloride RS
USP Azelastine Related Compound D RS 

4-(4-Chloronbenzyl)phthalazin-1(2H)-one.     
C15H11ClN2O      270.71

BRIEFING

Calcium Gluconate, USP 36 page 2758. Based on the comments received and as part of USP
monograph modernization efforts, the following changes are proposed:

1. Replace the Thin-Layer Chromatography test with an Infrared Absorption Identification
test to address the specificity issue.

2. Replace the USP Potassium Gluconate RS with two new USP Reference Standards, USP
Calcium Gluconate Anhydrous RS and USP Calcium Gluconate Monohydrate RS that
would be required to perform the proposed IR identification test.

3. Revise the titration assay to include the assay calculation for the monohydrate form of
calcium gluconate.

(DS: H. Dinh.)

1S (USP37)
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Correspondence Number—C114226

Comment deadline: May 31, 2013
Calcium Gluconate

C12H22CaO14       430.37 
C12H22CaO14·H2O       448.39 

d-Gluconic acid, calcium salt (2:1);     
Calcium d-gluconate (1:2)     [299-28-5].
Monohydrate     [18016-24-5].

DEFINITION

Calcium Gluconate is anhydrous or contains one molecule of water of hydration. The anhydrous
form contains NLT 98.0% and NMT 102.0% of calcium gluconate (C12H22CaO14), calculated on
the dried basis. The monohydrate form contains NLT 99.0% and NMT 101.0% of calcium
gluconate monohydrate (C12H22CaO14·H2O) where labeled as intended for use in preparing
injectable dosage forms, and NLT 98.5% and NMT 102.0% of calcium gluconate monohydrate
(C12H22CaO14·H2O) where labeled as not intended for use in preparing injectable dosage forms.

IDENTIFICATION

•  A. Identification Tests—General, Calcium 191
Sample solution:  20 mg/mL
Acceptance criteria:  Meets the requirements

Delete the following:
•  B. Thin-Layer Chromatography

Standard solution: 10 mg/mL of USP Potassium Gluconate RS

Sample solution: 10 mg/mL of Calcium Gluconate, heating in a water bath at 60 , if
necessary, to dissolve

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 5 µL
Developing solvent system: Alcohol, ethyl acetate, ammonium hydroxide, and water

(50:10:10:30)
Spray reagent: Dissolve 2.5 g of ammonium molybdate in 50 mL of 2 N sulfuric acid in a

100-mL volumetric flask. Add 1.0 g of ceric sulfate, swirl to dissolve, dilute with 2 N
sulfuric acid to volume, and mix.

Analysis 
Samples: Standard solution and Sample solution

Develop the chromatogram until the solvent front has moved about three-fourths of the
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length of the plate. Remove the plate from the chamber, and dry at 110  for 20 min. Allow

to cool, and spray with the Spray reagent. Heat the plate at 110  for about 10 min.
Acceptance criteria: The principal spot of the Sample solution corresponds in color, size,

and RF value to that of the Standard solution.

Add the following:

•  B. Infrared Absorption 197K
Standard preparation:  USP Calcium Gluconate Monohydrate RS or USP Calcium Gluconate

Anhydrous RS
Sample preparation:  Use the dried specimens from the Loss on Drying test.
Samples:  Standard preparation and Sample preparation
Acceptance criteria:   The spectrum of Calcium Gluconate labeled as monohydrate

matches that of USP Calcium Gluconate Monohydrate RS and shows the characteristic
absorptions according to Table 1. The spectrum of Calcium Gluconate labeled as
anhydrous matches that of USP Calcium Gluconate Anhydrous RS and shows the
characteristic absorptions according to Table 1.

Table 1

Spectral
Region

Characteristic Absorptions for
Anhydrous (cm-1)

Characteristic Absorptions for
Monohydrate (cm-1)

O-H
stretching

No sharp band, only broad absorption 3480 (medium sharp over broad
absorption)

C=O
stretching

1618 (strong) 1595 (strong)

1350–1200 1329 (medium) 1305 (medium)
1263–1250 (strong, two fused signals)1236 (medium)

Fingerprint 1007 (strong) 1063 (strong)
946 (medium) 972 (weak)
865 (weak) 878 (weak)
783, 766 signal duplet (medium) 787 single signal (medium-strong)

ASSAY

Change to read:
•  Procedure

Sample:  800 mg of calcium gluconate
anhydrous or calcium gluconate monohydrate

Blank:  150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.05 M edetate disodium VS
Endpoint detection:  Visual

Analysis:  Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
While stirring, add 30 mL of Titrant from the titration buret. Add 15 mL of 1 N sodium
hydroxide and 300 mg of hydroxy naphthol blue, and continue the titration to a blue
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endpoint. Perform the Blank determination. 
Calculate the percentage of calcium gluconate (C12H22CaO14)
or calcium gluconate monohydrate (C12H22CaO14·H2O)

in the Sample taken:

Result
(anhydrous form)

= {[(VS  VB) × M × F]/W} × 100

Result (monohydrate form) = {[(VS  VB) × M × F]/W} × (Mr2/Mr1) × 100

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
M= Titrant molarity (mmol/mL)
F = equivalency factor, 430.4 mg/mmol
W= Sample weight (mg)
Mr1= Molecular weight of calcium gluconate anhydrous, 430.4
Mr2= Molecular weight of calcium gluconate monohydrate, 448.4
Acceptance criteria:  Anhydrous form, 98.0%–102.0% on the dried basis; monohydrate

form, 99.0%–101.0% where labeled as intended for use in preparing injectable dosage
forms; and monohydrate form, 98.5%–102.0% where labeled as not intended for use in
preparing injectable dosage forms

IMPURITIES

•  Arsenic, Method I 211
Test preparation:  Dissolve 1.0 g in a mixture of 10 mL of hydrochloric acid and 20 mL of

water, and dilute with water to 55 mL.
Analysis:  Proceed as directed in the chapter, except to omit the addition of 20 mL of 7 N

sulfuric acid.
Acceptance criteria:  NMT 3 ppm

•  Chloride and Sulfate, Chloride 221 : A 1.0-g portion shows no more chloride than
corresponds to 0.07 mL of 0.020 N hydrochloric acid (0.005%). Where it is labeled as not
intended for use in the preparation of injectable dosage forms, a 1.0-g portion shows no
more chloride than corresponds to 1 mL of 0.020 N hydrochloric acid (0.07%).

•  Chloride and Sulfate, Sulfate 221 : A 2.0-g portion dissolved in boiling water shows no
more sulfate than corresponds to 0.1 mL of 0.020 N sulfuric acid (0.005%). Where it is
labeled as not intended for use in the preparation of injectable dosage forms, a 2.0-g
portion dissolved in boiling water shows no more sulfate than corresponds to 1 mL of 0.020
N sulfuric acid (0.05%).

•  Heavy Metals, Method II 231 : NMT 10 ppm; NMT 20 ppm where Calcium Gluconate is
labeled as not intended for use in the preparation of injectable dosage forms

•  Limit of Iron
[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable

dosage forms is exempt from this requirement.]
Standard solutions:  0.2, 0.4, and 1.0 µg/mL of iron, prepared as follows. Separately

transfer 2.0, 4.0, and 10.0 mL of Standard Iron Solution, prepared as directed in Iron 
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241 , to individual 100-mL volumetric flasks, each containing 1.37 g of calcium chloride,
previously tested and shown to contain less than 5 ppm of iron, and dilute with 2 N
hydrochloric acid to volume.

Sample solution:  Transfer 1.0 g of Calcium Gluconate to a 100-mL quartz glass flask. Add
20 mL of 12 N nitric acid, and heat to boiling until fumes are evolved. Add 0.5 mL of 30%
hydrogen peroxide, and heat again until fumes are evolved. Repeat this process until the
volume is reduced to about 5 mL. Cool, add 1.0 mL of perchloric acid, and heat to boiling.

[Caution—Do not heat above 190  or evaporate to dryness because of danger of
explosion.] Transfer this solution to a 25-mL volumetric flask, and dilute with 2 N
hydrochloric acid to volume.

Blank:  Use 0.34 g of calcium chloride, previously tested and shown to contain less than 5
ppm of iron, instead of Calcium Gluconate, and prepare as directed in the Sample solution.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  248.3 nm
Lamp:  Iron hollow-cathode
Flame:  Air–acetylene

Analysis 
Samples:  Standard solutions, Sample solution, and Blank

Determine the absorbances of the Standard solutions and the Sample solution, using the
Blank and making deuterium background corrections. Plot the absorbances of the Standard
solutions versus concentration, in µg/mL, of iron, and draw the straight line best fitting
the three plotted points. From the graph so obtained, determine the concentration, C, in
µg/mL, of iron in the Sample solution. 
Calculate the concentration of iron, in ppm, in the portion of Calcium Gluconate taken:

Result = (C × V)/W

C= concentration of iron in the Sample solution obtained from the regression equation
(µg/mL)

V= volume of Sample solution (mL)
W= weight of Calcium Gluconate taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 5 ppm

•  Limit of Magnesium and Alkali Metals 
[Note—Calcium Gluconate labeled as not intended for use in preparing injectable dosage
forms is exempt from this requirement.]

Sample:  1.0 g
Analysis:  Dissolve the Sample completely in 100 mL of boiling water. Add 10 mL of

ammonium chloride TS, 1 mL of ammonium hydroxide, and 50 mL of hot (maintained at 70

–80 ) ammonium oxalate TS. Allow to stand for 4 h, dilute with water to 200 mL, and
filter. Evaporate 100 mL of the filtrate to dryness, and ignite to constant weight.

Acceptance criteria:  NMT 0.4%; the weight of the residue does not exceed 2 mg.
•  Limit of Phosphate 

[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable
dosage forms is exempt from this requirement.]
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Standard stock solution 1:  0.716 mg/mL of monobasic potassium phosphate
Standard stock solution 2:  Dilute 1.0 mL of Standard stock solution 1 with water to 100

mL.
Standard solution:  Dilute 2.0 mL of Standard stock solution 2 with water to 100 mL.

Sample stock solution:  To 10.0 g of Calcium Gluconate add 90 mL of hot water (70 –80
), and heat to boiling, with swirling, for 10 s to obtain a clear solution.

Sample solution:  Dilute 1 mL of the hot Sample stock solution with water to 100 mL.
Analysis 

Samples:  Standard solution and Sample solution

To the Standard solution and Sample solution add 4 mL of sulfomolybdic acid TS, and mix.
To both solutions add 0.1 mL of a freshly prepared mixture of 3 N hydrochloric acid and
stronger acid stannous chloride TS (10:1), and mix.

Acceptance criteria:  NMT 0.01%; after 10 min any color in the Sample solution is not
more intense than that in the Standard solution.

•  Limit of Oxalate
[Note—Calcium Gluconate labeled as not intended for use in the preparation of injectable

dosage forms is exempt from this requirement.]
[Note—Use deionized water where water is indicated.]

Solution A:  0.0125 M sulfuric acid in water
Solution B:  Dilute 1 mL of hydrochloric acid with water to 1200 mL.
Mobile phase:  0.0017 M sodium bicarbonate and 0.0018 M sodium carbonate in water
Standard solution:  1.5 µg/mL of sodium oxalate in Solution B
Sample solution:  20 mg/mL of Calcium Gluconate in Solution B. Sonicate if necessary.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  Ion chromatography
Detector:  Conductance
Columns 

Guard:  4-mm × 5-cm; 15-µm packing L12
Analytical:  4-mm × 25-cm; 15-µm packing L12
Anion suppressor:  The micromembrane anion suppressor column is connected in series

with the guard and analytical columns. The anion suppressor column is equipped with a
micromembrane that separates Mobile phase from Solution A flowing countercurrent to
Mobile phase at a rate of about 7 mL/min.

[Note—Condition the system for about 15 min with Mobile phase at a flow rate of 2
mL/min.]

Flow rate:  2 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Tailing factor:  NMT 1.2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of oxalate in the portion of Calcium Gluconate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100

rU= peak response for oxalate from the Sample solution
rS= peak response for oxalate from the Standard solution
CS= concentration of sodium oxalate in the Standard solution (µg/mL)
CU= concentration of Calcium Gluconate in the Sample solution (mg/mL)
Mr1= molecular weight of oxalate, 88.03
Mr2= molecular weight of sodium oxalate, 134.00
F = conversion factor, 0.001 mg/µg
Acceptance criteria:  NMT 0.01%

•  Reducing Substances
Sample:  1.0 g of Calcium Gluconate
Blank:   20 mL of water
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Residual titration
Titrant:  0.1 N iodine VS
Back titrant:  0.1 N sodium thiosulfate VS
Endpoint detection:  Visual

Analysis:  Transfer the Sample to a 250-mL conical flask, dissolve in 20 mL of hot water,
cool, and add 25 mL of alkaline cupric citrate TS. Cover the flask, boil gently for 5 min,
accurately timed, and cool rapidly to room temperature. Add 25 mL of 0.6 N acetic acid,
10.0 mL of Titrant, and 10 mL of 3 N hydrochloric acid. Titrate with the Back titrant,
adding 3 mL of starch TS as the endpoint is approached. Perform the Blank determination. 
Calculate the percentage of reducing substances (as dextrose) in the Sample taken:

Result = {[(VB  VS) × N × F]/W} × 100

VB= Back titrant volume consumed by the Blank (mL)
VS= Back titrant volume consumed by the Sample (mL)
N= Back titrant normality (mEq/mL)
F= equivalency factor, 27 mg/mEq
W= Sample weight (mg)
Acceptance criteria:  NMT 1.0%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 16 h.
Acceptance criteria:  The anhydrous form loses NMT 3.0% of its weight; the monohydrate

form, where labeled as intended for use in preparing injectable dosage forms, loses NMT
1.0% of its weight, and where labeled as not intended for use in preparing injectable
dosage forms, loses NMT 2.0% of its weight.

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Preserve in well-closed containers.
•  Labeling: Label it to indicate whether it is anhydrous or monohydrate. Where the quantity of

calcium gluconate is indicated in the labeling of any solution containing Calcium Gluconate,
this shall be understood to be in terms of anhydrous calcium gluconate (C12H22CaO14).
Calcium Gluconate intended for use in preparing injectable dosage forms is so labeled.
Calcium Gluconate not intended for use in preparing injectable dosage forms is so labeled;
in addition, it may be labeled also as intended for use in preparing oral dosage forms.

Change to read:

•  USP Reference Standards 11
USP Potassium Gluconate RS 
USP Calcium Gluconate Anhydrous RS

USP Calcium Gluconate Monohydrate RS 

BRIEFING

Cefadroxil, USP 36 page 2839. As part of the USP monograph modernization effort, the
following revisions are proposed:

1. The nonspecific TLC procedure for Organic Impurities is replaced with a stability-
indicating gradient HPLC procedure. The procedure is based on analyses performed
with a YMC Pack ODS-AQ brand of L1 column. The typical retention time for
cefadroxil is about 19 min. The acceptance criteria were revised based on FDA-
approved limits.

2. The Assay is replaced with a procedure that offers improved peak characteristics. The
procedure is based on analyses performed with a Hypersil ODS brand of L1 column.
The typical retention time for cefadroxil is about 7 min.

3. The TLC procedure for Identification test B is replaced with an HPLC retention time
agreement based on the chromatographic system used in the Assay.

4. New reference standards, which are required for the revised monograph, are added to
the USP Reference Standards section.

5. The monograph is updated to current USP style.

(SM1: A. Wise.)
Correspondence Number—C106243; C123271

Comment deadline: May 31, 2013
Cefadroxil

C16H17N3O5S·H2O       381.40 

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[amino(4-

hydroxyphenyl)acetyl]amino]-3-methyl-8-oxo-, monohydrate, [6R-[6 ,7  (R*)]]-;     
(6R,7R)-7-[(R)-2-Amino-2-(p-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid monohydrate     [66592-87-8].
Hemihydrate           372.40 
[119922-85-9].
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Anhydrous           363.39 
[50370-12-2].

DEFINITION

Cefadroxil has a potency equivalent to NLT 950 µg/mg and NMT 1050 µg/mg of cefadroxil
(C16H17N3O5S), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. Thin-Layer Chromatography

Standard solution:  2 mg/mL of USP Cefadroxil RS
Sample solution:  2 mg/mL of Cefadroxil
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of binder-free silica gel
Application volume:  20 µL
Pre-developing solvent solution:  n-Hexane and tetradecane (95:5)
Solution A:  66.7 mg/mL of ninhydrin in acetone
Developing solvent system:  Solution A, 0.1 M Citric acid and 0.1 M dibasic sodium

phosphate (1.5:60:40)
Spray reagent:  2 mg/mL of ninhydrin in dehydrated alcohol. Protect Spray reagent from

light.
Analysis 

Samples:  Standard solution and Sample solution

Place the thin-layer chromatographic plate in a chamber containing the Pre-developing
solvent solution to a depth of about 1 cm and allow the solvent front to move the
length of the plate. Remove the plate from the chamber and allow the solvent to
evaporate. Apply the Sample solution and Standard solution to the plate, allow the
spots to dry, and develop the chromatogram in the Developing solvent system until the
solvent front has moved three-fourths of the length of the plate. Remove the plate
from the developing chamber, mark the solvent front, and allow to air-dry. Spray the

plate with Spray reagent, dry for 10 min at 110 , and examine the chromatogram.

Acceptance criteria:  The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 10 N potassium
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hydroxide to a pH of 5.0.
Mobile phase:  Acetonitrile and Buffer (40:960)

[Note—Make adjustments if neessary. Increasing the acetonitrile content of the Mobile phase
decreases the retention time of cefadroxil and decreasing the acetonitrile content
increases the retention time.]
Standard solution:  1.06 mg/mL of USP Cefadroxil RS in Buffer. This solution contains the

equivalent of 1 mg/mL of cefadroxil. Use this solution on the day prepared.
Sample solution:  1.06 mg/mL of Cefadroxil in Buffer. Stir by mechanical means for 5 min

until dissolved. Use this solution on the day prepared.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 230 nm
Column:  4-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor, k¢¢ :  Between 2.0 and 3.5
Column efficiency:  NLT 1800 theoretical plates
Tailing factor:  NMT 2.2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg, of cefadroxil (C16H17N3O5S) in the portion of Cefadroxil
taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cefadroxil RS in the Standard solution (mg/mL)
CU= concentration of Cefadroxil taken to prepare the Sample solution (mg/mL)
P= potency of cefadroxil in USP Cefadroxil RS (µg/mg)

Acceptance criteria:  950–1050 µg/mg on the anhydrous basis
Buffer:  2.7 g/L of monobasic potassium phosphate
Mobile phase:  Acetonitrile and Buffer (4:96)
Standard solution:  50 µg/mL of USP Cefadroxil RS in Mobile phase prepared as follows.

Transfer a suitable quantity of USP Cefadroxil RS to a suitable volumetric flask, dissolve
in Mobile phase using 50% of the final volume, sonicate to dissolve, and dilute with
Mobile phase to volume.

Sample solution:  50 µg/mL of Cefadroxil in Mobile phase prepared as follows. Transfer a
suitable quantity of USP Cefadroxil RS to a suitable volumetric flask, dissolve in Mobile
phase using 50% of the final volume, sonicate to dissolve, and dilute with Mobile phase
to volume.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg, of cefadroxil (C16H17N3O5S) in the portion of
Cefadroxil taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cefadroxil RS in the Standard solution (µg/mL)
CU= concentration of Cefadroxil in the Sample solution (µg/mL)
P= potency of cefadroxil in USP Cefadroxil RS (µg/mg)
Acceptance criteria:  950–1050 µg/mg on the anhydrous basis

IMPURITIES

Change to read:
•  Organic Impurities

Diluent:  Alcohol, 2.4 N hydrochloric acid, and water (75:3:22)
Sample solution:  25 mg/mL of Cefadroxil in Diluent
Standard solution 1:  0.25 mg/mL of cefadroxil from Sample solution in Diluent
Standard solution 2:  0.25 mg/mL each of 7-aminodesacetoxycephalosporanic acid and d-

-4-hydroxyphenylglycine in Diluent
Standard solution 3:  0.25 mg/mL of d- -4-hydroxyphenylglycine in Diluent
System suitability solution:  Standard solution 2 and Sample solution (1:1)
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  

Solution Application volume (µL)

Sample solution 2
Standard solution 1 2

Standard solution 2 2
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Standard solution 3 2
System suitability solution 4

Developing solvent system:  Ethyl acetate, alcohol, formic acid, and water (14:5:1:5)
System suitability 

Sample:  System suitability solution
Suitability requirements:  The chromatogram shows three clearly resolved spots.

Analysis 
Samples:  Standard solution 1, Standard solution 2, Standard solution 3, Sample

solution, and System suitability solution

Develop the chromatograms until the solvent front has moved three-fourths of the length
of the plate. Remove the plate from the developing chamber, mark the solvent front,
allow the plate to dry, and examine the chromatograms under short-wavelength UV
light.

Acceptance criteria:  Any secondary spot in the chromatogram of the Sample solution
corresponding to 7-aminodesacetoxycephalosporanic acid or d- -4-
hydroxyphenylglycine is not more intense than the corresponding spot in the
chromatogram of Standard solution 2 (1.0%); and any spot, other than the principal
spot and any spot corresponding to 7-aminodesacetoxycephalosporanic acid or d- -4-
hydroxyphenylglycine, is not more intense than the principal spot in the chromatogram
of Standard solution 1 (1.0%).

Solution A:  50 mg/mL of sodium hydroxide
Solution B:  4 g/L of monobasic sodium phosphate dihydrate adjusted with Solution A to

a pH of 5.0
Solution C:  Acetonitrile and Solution B (1:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
35 85 15
50 40 60
60 0 100
61 100 0
70 100 0

Diluent:  3.5 g/L of monobasic potassium phosphate and 4.6 g/L of dibasic sodium
phosphate anhydrous

System suitability stock solution 1:  0.5 mg/mL of USP Cefadroxil Related Compound D
RS in Diluent. Sonicate as needed to dissolve.

System suitability stock solution 2:  0.5 mg/mL of USP Cefadroxil Related Compound I
RS in Diluent. Sonicate as needed to dissolve.

System suitability solution:  10 µg/mL of cefadroxil related compound D from System
suitability stock solution 1, 10 µg/mL of cefadroxil related compound I and System
suitability stock solution 2, and 1 mg/mL of USP Cefadroxil System Suitability Mixture RS
in Solution B. Store the sample in the refrigerator, and discard after 14 h.

Standard solution:  10 µg/mL of USP Cefadroxil RS in Solution B. Store the sample in the

PF 39(2): Mar.-Apr. 2013 191



refrigerator, and discard after 14 h.
Sample solution:  1 mg/mL of Cefadroxil in Solution B. Store the sample in the

refrigerator, and discard after 14 h.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min

Autosampler temperature:  6
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between cefadroxil related compound D and cefadroxil related
compound I, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Cefadroxil taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of cefadroxil from the Standard solution
CS= concentration of the USP Cefadroxil RS in the Standard solution (mg/mL)
CU= concentration of Cefadroxil in the Sample solution (mg/mL)
P= potency of cefadroxil in USP Cefadroxil RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 2. The reporting threshold is 0.03%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Amoxicillin related compound Ia 0.16 0.5

Cefadroxil R-sulfoxideb 0.22 0.1

Cefadroxil S-sulfoxidec 0.41 0.1

Cefadroxil related compound Bd 0.49 0.5

Dimethylformamidee 0.55 —

Cefadroxil related compound Df 0.71 0.5

Cefadroxil related compound Ig 0.80 0.1

Diketopiperazine derivativeh 0.87 0.5

Cefadroxil 1.0 —

N-Phenylglycyl delta-3 cefadroxili 1.4 0.15
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Cefadroxil ethyl homologj 1.5 0.10

N-Phenylglycyl cefadroxilk 1.8 0.5

3-Hydroxy-4-methylthiophenonel 2.0 0.5

N-Ethoxycarbonyl 7-aminodesacetoxycephalosporanic
acidm 2.1 0.1

O-Ethoxycarbonyl cefadroxiln 2.3 0.3

Cefadroxil dimero 2.4 0.1

Any individual unspecified impurity — 0.05
Total impurities — 2.0

a  d-Hydroxyphenylglycine; (R)-2-amino-2-(4-hydroxyphenyl)acetic acid.
b  (6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5R-oxide.
c  (6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5S-oxide.
d  7-Aminodesacetoxycephalosporanic acid; (6R,7R)-7-amino-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e  This impurity is listed here for information only. It is not to be reported as an impurity

in this test.
f  l-Cefadroxil; (6R,7R)-7-[(S)-2-amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-

oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
g  Delta-3 cefadroxil; (6R,7R)-7-[(R)-2-amino-2-(4-hydroxyphenyl)acetamido]-3-

methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
h  3-(Aminomethylene)-6-(4-hydroxyphenyl)piperazine-2,5-dione.
i  (6R,7R)-7-{(2R)-2-[2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-

hydroxyphenyl)acetamido}-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-
carboxylic acid.

j  (6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-ethyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

k  (6R,7R)-7-{(2R)-2-[2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-
hydroxyphenyl)acetamido}-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid.

l  3-Hydroxy-4-methylthiophen-2(5H)-one.
m  (6R,7R)-7-(Ethoxycarbonylamino)-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-

ene-2-carboxylic acid.
n  (6R,7R)-7-((R)-2-Amino-2-{4-[(ethoxycarbonyl)oxy]phenyl}acetamido)-3-methyl-8-

oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
o  (6R,7R)-7-[(R)-2-{(6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-

methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-(4-
hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid.

•  Dimethylaniline 223 : Meets the requirements

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
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Sample solution:  10 mg/mL in water

Acceptance criteria:  +165.0  to +178.0

•  Crystallinity 695 : Meets the requirements

•  pH 791
Sample solution:  50 mg/mL suspension in water
Acceptance criteria:  4.0–6.0

•  Water Determination, Method I 921 : 4.2%–6.0%, except where it is labeled as being in
the hemihydrate form it is between 2.4% and 4.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: The hemihydrate form is so labeled.

Change to read:

•  USP Reference Standards 11
USP Cefadroxil RS 
USP Cefadroxil Related Compound D RS 

(6R,7R)-7-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid. 
C16H17N3O5S      363.39

USP Cefadroxil Related Compound I RS 
(6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid. 
C16H17N3O5S      363.39

USP Cefadroxil System Suitability Mixture RS 
This is a mixture of cefadroxil and O-ethoxycarbonyl cefadroxil [(6R,7R)-7-((R)-2-
Amino-2-{4-[(ethoxycarbonyl)oxy]phenyl}acetamido)-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid] 
C19H21N3O7S       435.45

BRIEFING

Cefadroxil Capsules, USP 36 page 2840. As part of the USP monograph modernization effort,
the following revisions are proposed:

1. The test for Organic Impurities is added based on a validated procedure from an FDA-
approved sponsor. The procedure is based on analyses performed with the YMC Pack
ODS AQ brand of L1 column. The typical retention time for cefadroxil is about 19 min.

2. The TLC test for Identification is replaced with a test for HPLC retention time
agreement based on the Assay.

3. The Assay is revised to delete System suitability test requirements for column efficiency
and capacity factor. The remaining criteria are adequate to evaluate system
suitability. The particle size of the analytical column was added based on the column
originally used during method validation.

4. The monograph is updated to current USP style.
5. New reference standards, which are required for the revised monograph, are added to

the USP Reference Standards section.
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(SM1: A. Wise.)
Correspondence Number—C115679

Comment deadline: May 31, 2013
Cefadroxil Capsules

DEFINITION

Cefadroxil Capsules contain the equivalent of NLT 90.0% and NMT 120.0% of the labeled
amount of cefadroxil (C16H17N3O5S).

IDENTIFICATION

Delete the following:
•  Thin-Layer Chromatography

Standard solution: 2 mg/mL of USP Cefadroxil RS
Sample solution: 2 mg/mL of cefadroxil, from the contents of 1 Capsule dissolved in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Adsorbent: 0.25-mm layer of binder-free silica gel
Application volume: 20 µL
Pre-developing solvent solution: n-Hexane and tetradecane (95:5)
Solution A: 66.7 mg/mL of ninhydrin in acetone
Developing solvent system: Solution A, 0.1 M citric acid, 0.1 M dibasic sodium

phosphate (1.5:60:40)
Spray reagent: 2 mg/mL of ninhydrin in dehydrated alcohol. Protect Spray reagent from

light.
Analysis 

Samples: Standard solution and Sample solution 
Place the thin-layer chromatographic plate in a chamber containing the Pre-developing
solvent solution to a depth of about 1 cm and allow the solvent front to move the
length of the plate. Remove the plate from the chamber and allow the solvent to
evaporate. Apply the Sample solution and Standard solution to the plate, allow the
spots to dry, and develop the chromatogram in the Developing solvent system until the
solvent front has moved three-fourths of the length of the plate. Remove the plate from
the developing chamber, mark the solvent front, and allow to air-dry. Spray the plate

with the Spray reagent, dry for 10 min at 110 , and examine the chromatogram.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds

to that of the Standard solution.

Add the following:
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

1S (USP37)
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Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 10 N potassium
hydroxide to a pH of 5.0.

Mobile phase:  Acetonitrile and Buffer (40:960)
Standard solution:  1.06 mg/mL of USP Cefadroxil RS in Buffer. This solution contains the

equivalent of 1 mg/mL of cefadroxil. Use this solution on the day prepared.
Sample solution:  Remove the contents of NLT 10 Capsules as completely as possible, and

weigh. Transfer a portion of the powder, nominally equivalent to 200 mg of cefadroxil, to a
200-mL volumetric flask. Dilute with Buffer to volume, and stir by mechanical means for 5
min. Use this solution on the day prepared.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4-mm × 25-cm;
5-µm

packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor, k¢¢ :  2.0–3.5
Column efficiency:  NLT 1800 theoretical plates

Tailing factor:  NMT 2.2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of cefadroxil (C16H17N3O5S) in the
portion of Capsules taken:

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

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cefadroxil RS in the Standard solution (mg/mL)
CU= nominal concentration of cefadroxil in the Sample solution (mg/mL)
P= potency of cefadroxil in USP Cefadroxil RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  30 min
Standard solution:  USP Cefadroxil RS in Medium at a known concentration similar to that

in the Sample solution
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Sample solution:  Sample per Dissolution 711 . Suitably dilute with Medium, if
necessary, and filter.

Analysis:  Determine the amount of cefadroxil (C16H17N3O5S) dissolved from UV
absorbances at 263 nm of the Sample solution in comparison to the Standard solution.

Tolerances:  NLT 80% (Q) of the labeled amount of cefadroxil (C16H17N3O5S) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  50 mg/mL of sodium hydroxide
Solution B:  4 g/L of monobasic sodium phosphate dihydrate in water, adjusted with

Solution A to a pH of 5.2
Solution C:  Acetonitrile and Solution B (1:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
35 85 15
50 40 60
60 0 100
61 100 0
70 100 0

Diluent:  3.5 g/L of monobasic potassium phosphate and 4.6 g/L of dibasic sodium
phosphate anhydrous

System suitability stock solution 1:  0.5 mg/mL of USP Cefadroxil Related Compound D RS
in Diluent. Sonicate as needed to dissolve.

System suitability stock solution 2:  0.5 mg/mL of USP Cefadroxil Related Compound I RS
in Diluent. Sonicate as needed to dissolve.

System suitability solution:  10 µg/mL of cefadroxil related compound D from System
suitability stock solution 1, 10 µg/mL of cefadroxil related compound I from System
suitability stock solution 2, and 1 mg/mL of USP Cefadroxil System Suitability Mixture RS in
Solution B. Store refrigerated, and discard after 14 h.

Standard solution:  10 µg/mL of USP Cefadroxil RS in Solution B
Sample solution:  Nominally, 1 mg/mL of cefadroxil in Solution B prepared as follows.

Transfer the finely powdered contents of NLT 10 Capsules to a suitable volumetric flask,
and add 50% of the final volume of Solution B. Sonicate with intermittent shaking. Cool to
room temperature, dilute with Solution B to final volume, and mix. Centrifuge a portion of
this solution, and filter the supernatant solution. Store refrigerated, and discard after 14
h.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
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Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

Autosampler temperature:  6
System suitability 

Samples:  System suitability solution and Standard solution
[Note—The relative retention times for cefadroxil related compound D, cefadroxil related

compound I, and cefadroxil are about 0.71, 0.80, and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between cefadroxil related compound D and cefadroxil related
compound I, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Capsules taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of cefadroxil from the Standard solution
CS= concentration of USP Cefadroxil RS in the Standard solution (mg/mL)
CU= nominal concentration of cefadroxil in the Sample solution (mg/mL)
P= potency of cefadroxil in USP Cefadroxil RS (µg/mg)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Amoxicillin related compound Ia 0.16 1.3 0.50

Cefadroxil related compound Bb 0.52 0.63 0.50

Cefadroxil related compound Dc,d 0.71 — —

Diketopiperazine derivativee 0.89 1.3 0.50
Cefadroxil 1.0 — —

N-Phenylglycyl delta-3 cefadroxilf 1.4 1.5 0.10

N-Phenylglycyl cefadroxilg,d 1.8 — —

3-Hydroxy-4-methylthiophenoneh 1.9 0.40 0.50
N-Ethoxycarbonyl 7-

aminodesacetoxycephalosporanic acidi,d 2.2
— —

O-Ethoxycarbonyl cefadroxilj,d 2.4 — —

Any individual, unspecified impurity — — 0.10
Total impurities — — 2.0
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a  d-Hydroxyphenylglycine; (R)-2-amino-2-(4-hydroxyphenyl)acetic acid.
b  7-Aminodesacetoxycephalosporanic acid; (6R,7R)-7-amino-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c  l-Cefadroxil; (6R,7R)-7-[(R)-2-amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-

5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d  Process impurities that are controlled in the drug substance are not to be reported, are

not included in total impurities, and are listed here for information only.
e  3-(Aminomethylene)-6-(4-hydroxyphenyl)piperazine-2,5-dione.
f  (6R,7R)-7-{(2R)-2-[2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-

hydroxyphenyl)acetamido}-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-
carboxylic acid.

g  (6R,7R)-7-{(2R)-2-[2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4-
hydroxyphenyl)acetamido}-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-
carboxylic acid.

h  3-Hydroxy-4-methylthiophen-2(5H)-one.
i  (6R,7R)-7-(Ethoxycarbonylamino)-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-

2-carboxylic acid.
j  (6R,7R)-7-((R)-2-Amino-2-{4-[(ethoxycarbonyl)oxy]phenyl}acetamido)-3-methyl-8-oxo-

5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 7.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Capsules prepared using the hemihydrate form of Cefadroxil are so labeled.

Change to read:

•  USP Reference Standards 11
USP Cefadroxil RS 
USP Cefadroxil Related Compound D RS

(6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid. 
C8H10N2O3S      214.24

USP Cefadroxil Related Compound I RS 
(6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid monohydrate. 
C16H17N3O5S      363.39

USP Cefadroxil System Suitability Mixture RS 
This is a mixture of cefadroxil and O-ethoxycarbonyl cefadroxil [(6R,7R)-7-((R)-2-
Amino-2-{4-[(ethoxycarbonyl)oxy]phenyl}acetamido)-3-methyl-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid] 
C19H21N3O7S       435.45
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BRIEFING

Cladribine Injection. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedure used in the Assay and test for Organic Impurities is based on analyses performed
with the Inertsil ODS-3V brand of L1 column. The typical retention time for cladribine is
about 9.4 min.

(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C119903

Comment deadline: May 31, 2013

Add the following:
Cladribine Injection

DEFINITION

Cladribine Injection is a clear, colorless, sterile, preservative-free, isotonic solution. It contains
NTL 90.0% and NMT 110.0% of the labeled amount of cladribine (C10H12ClN5O3).

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Sample solution:  0.05 mg/mL of cladribine in water
Acceptance criteria:  Meets the requirements

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  Dissolve 9.96 g of triethylamine phosphate, accurately weighed, in 500 mL of
water, and add another 500 mL of water. Adjust with potassium hydroxide to a pH of 6.1.
[Note—Alternatively, dissolve 13.5 mL of triethylamine in 1 L of water, and adjust with
phosphoric acid to a pH of 6.1.]

Mobile phase:  Methanol and Buffer (22:78)
Diluent:  Methanol and water (10:90)
System suitability solution:  0.02 mg/mL each of USP Cladribine RS and USP Cladribine

Related Compound A RS in Diluent
Standard solution:  0.5 mg/mL of USP Cladribine RS in Diluent
Sample solution:  Nominally, equivalent to 0.5 mg/mL of Cladribine in Diluent from Injection
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
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Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between cladribine and cladribine related compound A, System
suitability solution

Tailing factor:  NMT 2.0 for the cladribine peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:   Standard solution and Sample solution 

Calculate the percentage of the labeled amount of cladribine (C10H12ClN5O3) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cladribine RS in the Standard solution (mg/mL)
CU= nominal concentration of cladribine in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer, Mobile phase, Diluent, System suitability solution, and Sample solution:
 Proceed as directed in the Assay.

Standard solution:  0.01 mg/mL of USP Cladribine RS in Diluent
Chromatographic system:  Proceed as directed in the Assay. In addition, the run time is

NLT 2.5 times of the retention time of the cladribine peak for the Sample solution.
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between cladribine and cladribine related compound A, System
suitability solution

Tailing factor:  NMT 2.0 for the cladribine peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of cladribine from the Standard solution
CS= concentration of USP Cladribine RS in the Standard solution (mg/mL)
CU= nominal concentration of cladribine in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.1%.

Table 1
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

2,6-Diaminopurine-2¢-deoxyriboside 0.41 0.2
2¢-Deoxyadenosine 0.47 0.2
2-Chloroadenine 0.60 0.5

Cladribine related compound Aa 0.91 0.2
Cladribine 1.0 —
Any individual, unspecified impurity — 0.2
Total impurities — 2.0

a  2-Methoxy-2¢-deoxyadenosine.

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 55 USP Endotoxin Units/mg of cladribine

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

•  pH 791 : 5.5-8.0

•  Osmolality and Osmolarity, Osmolality 785 : 250–370 mOsmol/kg

•  Particulate Matter in Injections 788 : It meets the requirements for small-volume
injections

•  Other Requirements: It meets the requirements under Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-use clear flint glass vials. Store refrigerated at 2

–8 C. Protect from light.
•  Labeling: Label it to indicate that it is to be diluted with 0.9% Sodium Chloride Injection USP

for the single daily dose and to be diluted with bacteriostatic 0.9% Sodium Chloride
Injection USP (0.9% benzyl alcohol preserved) to prepare the 7-day infusion solution.

•  USP Reference Standards 11
USP Cladribine RS 
USP Cladribine Related Compound A RS  

2-Methoxy-2¢-deoxyadenosine.     
C11H15N5O4      281.27

USP Endotoxin RS

BRIEFING

Clindamycin Phosphate, USP 36 page 3032. On the basis of comments received, the Expert
Committee canceled the PF 37(5) revision proposal and proposed the following revisions:

1. The chemical information section is revised to include the chemical structure.
2. As part of USP’s monograph modernization efforts, Clindamycin Phosphate is revised to

add a test for Organic Impurities. The Assay is replaced with a procedure that uses
the same chromatographic system as the test for Organic Impurities. The Assay and
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the test for Organic Impurities were validated using the Eclipse XDB C8 brand of the
L7 column. The typical retention time for clindamycin phosphate is 21 min.

3. Identification test B, based on an HPLC retention time comparison, is added to the
monograph to provide a second test that is orthogonal to the procedure based on
infrared absorption. Based on laboratory data, Identification test A is revised to use
a potassium bromide pellet instead of a mineral oil dispersion.

4. The storage temperature is added to Packaging and Storage.

(SM1: A. Wise.)
Correspondence Number—C91956; C109925; C112375; C112375

Comment deadline: May 31, 2013
Clindamycin Phosphate

Change to read:

C18H34ClN2O8PS       504.96 

l-threo- -d-galacto-Octopyranoside, methyl 7-chloro-6,7,8-trideoxy-6-[[(1-methyl-4-propyl-
2-pyrrolidinyl)carbonyl]amino]-1-thio-, 2-(dihydrogen phosphate), (2S-trans)-;     
Methyl 7-chloro-6,7,8-trideoxy-6-(1-methyl-trans-4-propyl-l-2-pyrrolidinecarboxamido)-1-
thio-l-threo- -d-galacto-octopyranoside 2-(dihydrogen phosphate)     [24729-96-2].

DEFINITION

Clindamycin Phosphate has a potency equivalent to NLT 758 µg/mg of clindamycin
(C18H33ClN2O5S), calculated on the anhydrous basis.

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197M

197K
Standard:  Add 0.2 mL of water to 50 mg of USP Clindamycin Phosphate RS, and heat to

dissolve. Evaporate to dryness under vacuum, and dry the residue at 100 –105  for 2 h.
Sample:  Add 0.2 mL of water to 50 mg of Clindamycin Phosphate, and heat to dissolve.

Evaporate to dryness under vacuum, and dry the residue at 100 –105  for 2 h.
Acceptance criteria:  Meets the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Solution A:  Add 14 mL of phosphoric acid to 4000 mL of HPLC grade water. Add 10 mL of
ammonium hydroxide, and adjust with ammonium hydroxide to a pH of 3.90 ± 0.05.

Solution B:  Acetonitrile and methanol (900:100)
Diluent:  Solution A and Solution B (80:20)
Solution C:  Solution A and Solution B (920:80)
Solution D:  Solution A and Solution B (520:480)
Mobile phase:  See Table 1

Table 1

Time
(min)

Solution C
(%)

Solution D
(%)

0 95 5
40 5 95
41 95 5
46 95 5

Standard solution:  Weigh 22 mg of USP Clindamycin Phosphate RS. Add 10.0 mL of
Diluent, shake briefly, and sonicate for 5 min to dissolve. Allow to cool to ambient
temperature.

Sample solution:  Weigh 22 mg of Clindamycin Phosphate. Add 10.0 mL of Diluent, shake
briefly, and sonicate for 5 min to dissolve. Allow to cool to ambient temperature.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 25-cm; packing L7

Column temperature:  40
Flow rate:  1.2 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.0 between clindamycin phosphate and its nearest related
compound, determined as follows: between the peaks, draw a line perpendicular to
the base line at the valley that separates the two peaks. The height of the valley
from the base line is NMT 40% of the height of the related compound peak. Calculate
the resolution, R, using peak widths at half height.

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the quantity of clindamycin (C18H33ClN2O5S), in µg/mg, in the portion of
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Clindamycin Phosphate taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU= nominal concentration of Clindamycin Phosphate in the Sample solution (mg/mL)
P= potency of clindamycin in the USP Clindamycin Phosphate RS (µg/mg)

Acceptance criteria:  NLT 758 µg/mg on the anhydrous basis
Solution A:  Add 14 mL of phosphoric acid to 4000 mL of water. Add 10 mL of ammonium
hydroxide, and adjust with ammonium hydroxide to a pH of 5.6 ± 0.1.
Solution B:  Acetonitrile and methanol (900:100)
Solution C:  Solution B and Solution A (80:920)
Solution D:  Solution B and Solution A (480:520)
Diluent:  Solution B and Solution A (20:80)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution C
(%)

Solution D
(%)

0 95 5
40 5 95
41 95 5
46 95 5

Standard solution:  2.2 mg/mL of USP Clindamycin Phosphate RS in Diluent. Shake, and
sonicate to dissolve.

Sample solution:  2.2 mg/mL of Clindamycin Phosphate in Diluent. Shake, and sonicate
to dissolve.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution

[Note—USP Clindamycin Phosphate RS contains 7-epiclindamycin phosphate. See Table 2
for the relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between clindamycin phosphate and 7-epiclindamycin
phosphate

Tailing factor:  NMT 2.0 for clindamycin phosphate
Relative standard deviation:  NMT 0.73%

Analysis 
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Samples:  Standard solution and Sample solution

Calculate the quantity of clindamycin (C18H33ClN2O5S), in µg/mg, in the portion of
Clindamycin Phosphate taken:

Result = (rU/rS) × (CS/CU) × P × F

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Clindamycin Phosphate in the Sample solution (mg/mL)
P= potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  NLT 758 µg/mg on the anhydrous basis

IMPURITIES

Add the following:
•  Organic Impurities

Solution A, Solution B, Solution C, Solution D, Diluent, Mobile phase, Sample solution,
and Chromatographic system:  Proceed as directed in the Assay.

System suitability solution:  2.2 mg/mL of USP Clindamycin Phosphate RS in Diluent.
Shake, and sonicate to dissolve.

Standard solution:  14 µg/mL of Clindamycin Phosphate from System suitability solution in
Diluent

System suitability 
Samples:  System suitability solution and Standard solution

[Note—USP Clindamycin Phosphate RS contains 7-epiclindamycin phosphate. See Table 2 for
the relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between 7-epiclindamycin phosphate and clindamycin phosphate,
System suitability solution

Tailing factor:  NMT 2.0 for clindamycin phosphate, Standard solution
Relative standard deviation:  NMT 5.0% for clindamycin phosphate, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Clindamycin Phosphate taken:

Result = (rU/rS) × (CS/CU) × P × (F1/F2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of clindamycin phosphate from the Standard solution
CS= concentration of USP Clindamycin Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Clindamycin Phosphate, corrected for water content, in the Sample

solution (mg/mL)
P= potency of clindamycin in USP Clindamycin Phosphate RS (µg/mg)
F1= conversion factor, 0.001 mg/µg
F2= relative response factor (see Table 2)
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Acceptance criteria:  See Table 2. The reporting level is 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Lincomycin phosphatea 0.36 1.0 0.40

Lincomycinb 0.50 2.0 1.0

Clindamycin B phosphatec 0.77 1.0 1.5

7-Epiclindamycin phosphated 0.89 1.0 0.8

Clindamycin 3-phosphatee 0.93 1.0 0.3
Clindamycin phosphate 1.0 — —

Clindamycinf 1.4 1.0 0.5
Any individual, unspecified impurity — 1.0 1.0
Total impurities — — 4.0

a  Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1-
thio-d-erythro- -d-galacto-octopyranoside 2-phosphate.

b  Methyl 6,8-dideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-1-
thio-d-erythro- -d-galacto-octopyranoside.

c  Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2-carboxamido]-
1-thio-l-threo- -d-galacto-octopyranoside 2-phosphate.

d  Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-
carboxamido]-1-thio-d-erythro- -d-galacto-octopyranoside 2-phosphate.

e  Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-ethylpyrrolidine-2-carboxamido]-
1-thio-l-threo- -d-galacto-octopyranoside 3-phosphate.

f  Methyl 7-chloro-6,7,8-trideoxy-6-[(2S,4R)-1-methyl-4-propylpyrrolidine-2-carboxamido]-
1-thio-d-threo- -d-galacto-octopyranoside.

SPECIFIC TESTS

•  Crystallinity 695 : Meets the requirements

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  3.5–4.5

•  Water Determination, Method I 921 : NMT 6.0%

•  Sterility Tests 71
Sample solution:  6 g of specimen aseptically dissolved in 200 mL of Fluid A
Analysis:  Test as directed in the Test for Sterility of the Product to Be Examined,

Membrane Filtration.
Acceptance criteria:  It meets the requirements where the label states that it is sterile or

must be subjected to further processing during the preparation of injectable dosage forms.

•  Bacterial Endotoxins Test 85 : It contains NMT 0.58 USP Endotoxin Unit/mg of
clindamycin, where the label states that Clindamycin Phosphate is sterile or must be
subjected to further processing during the preparation of injectable dosage forms.
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers,

and store below 30 .
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Clindamycin Phosphate RS 
USP Endotoxin RS

BRIEFING

Cosyntropin. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analyses is proposed. The chromatographic
procedure in the Assay and the test for Organic Impurities is based on analyses performed
with the Macherey Nagel Nucleosil 120-5 brand of L1 column. The typical retention time for
cosyntropin is 19–20 min. The chromatographic procedure in the Amino Acid Analysis
Identification test is based on analyses performed with the Waters Nova-Pak AccQTag Ultra
brand of L1 column.

(BIO1: M. Kibbey.)
Correspondence Number—C119208

Comment deadline: May 31, 2013

Add the following:
Cosyntropin

C136H210N40O31S       2933 

1-24-Corticotropin     [16960-16-0].

DEFINITION

Cosyntropin is a synthetic peptide whose sequence is identical to the first 24 amino acids of
human adrenocorticotropic hormone (ACTH). Cosyntropin contains NLT 90% and NMT 102% of
cosyntropin (C136H210N40O31S), calculated on the anhydrous, acetic acid-free basis.

IDENTIFICATION
•  A. The retention time of the cosyntropin peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay.
•  B. Amino Acid Analysis

Hydrolysis solution:  12 N hydrochloric acid containing a small crystal (0.1%–1.0%) of
phenol

Sample hydrolysate preparation:  Transfer a portion of cosyntropin into a vial, weigh it,
and dissolve in water to a concentration of 3 mg/mL. Transfer 70 mg of this solution to a
vacuum hydrolysis tube. Add 70 µL of Hydrolysis solution, seal the tube, and heat for 24 h
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at 110 . Cool the tube, and remove the solvents at reduced pressure. Resuspend the
hydrolysate residue in 1 mL of 0.020 M hydrochloride, and filter.

Solution A:  Prepare a solution having a composition of 140 mM sodium acetate and 17 mM
triethylamine, and adjust with phosphoric acid to a pH of 5.02.1

Solution B:  Acetonitrile and water (60:40)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
0.5 99 1
18 95 5
19 91 9

29.5 77 23
40 77 23

40.01 40 60
50 40 60

Sample solution:  Add 140 µL of 0.2 M borate buffer (pH 8.8) to 20 µL of Sample
hydrolysate preparation. Add 40 µL of 10 mM 6-aminoquinolyl-N-hydroxysuccinimidyl
carbamate (AQC). Incubate for 2 min at room temperature. Transfer to an insert in an

HPLC vial, seal with a silicone cap, and incubate for 10 min at 55 .
Standard solution:  Prepare a solution having known equimolar amounts of l-alanine, l-

arginine, l-aspartic acid, l-glutamic acid, glycine, l-histidine, l-isoleucine, l-leucine, l-
lysine, l-methionine, l-phenylalanine, l-proline, l-serine, l-threonine, l-tyrosine, and l-valine
with half the equimolar amount of l-cystine. [Note—Suitable concentrations are 0.1 mM
and 0.05 mM, respectively.]Derivatize with AQC as outlined for Sample solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Sample solution and Standard solution
Suitability requirements:  All 17 amino acid peaks must be visible in the Standard

solution.
Resolution:  NLT 1.5 between each of the 17 amino acid peaks in the Standard solution.

[Note—In those cases where the peak does not recover to the baseline, the following

criteria will be applied: (hp  hv)/hp × 100 ± 90%, where hp is the height of the minor
peak, and hv is the height of the valley between the peaks.]

Analysis 
Samples:  Sample solution and Standard solution 

First record and measure the responses for each amino acid peak in the Standard
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solution. Express the content of each amino acid in moles. 
Calculate the mean nmol of the amino acids:

Result = (nmol found in the Analysis for Glu, Gly, Val, Phe, Lys, Arg, Pro)/17

Divide the nmol of each amino acid by the Result to determine the amino acid ratios that
must meet the Acceptance criteria.

Acceptance criteria:  3.5–4.7 of lysine; 0.9–1.1 of histidine; 2.7–3.3 of arginine; 1.1–2.2 of
serine; 0.9–1.1 of glutamic acid; 2.5–3.5 of proline; 1.8–2.2 of glycine; 0.9–1.1 of
methionine; 1.7–2.2 of tyrosine; 0.9–1.1 of phenylalanine; 2.7–3.3 of valine; NMT 1 pmol
of any other amino acid

ASSAY
•  Procedure

Mobile phase:  365 mL of acetonitrile, 10 mL of glacial acetic acid, and 10 g of ammonium
sulfate. Dilute with water to 2 L, and a pH of about 3.3.

Standard solution:  1.0 mg/mL of USP Cosyntropin Acetate RS
Sample solution:  1.0 mg/mL of Cosyntropin
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  50 µL
Run time:  50 min

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.0 between the main cosyntropin peak and the reduced Trp-
cosyntropin peak in the Standard solution

Retention time:  16–20 min for the cosyntropin peak, Standard solution
Relative standard deviation:  NMT 2.0% for the cosyntropin peak from three replicate

injections of the Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of cosyntropin (C136H210N40O31S) in the portion of Cosyntropin
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of cosyntropin from the Sample solution
rS= peak response of cosyntropin from the Standard solution
CS= concentration of cosyntropin in each vial of USP Cosyntropin Acetate RS in the

Standard solution (mg/mL)
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CU= concentration of Cosyntropin, calculated on the anhydrous, acetic acid-free basis, in
the Sample solution (mg/mL)

Acceptance criteria:  90.0%–102.0% of cosyntropin on the anhydrous, acetic acid-free
basis

IMPURITIES
•  Organic Impurities, Related Peptides

Mobile phase, Standard solution, Sample solution, and Chromatographic system:
 Proceed as directed in the Assay.

Peak identification solution:  1.0 mg/mL of cosyntropin in 1% (v/v) glacial acetic acid.
Add 50 µL of 30% hydrogen peroxide:water (1:999). Let stand for 2 h to produce the main
impurity, cosyntropin sulfoxide.

System suitability 
Samples:  Standard solution and Peak identification solution
Suitability requirements 

Resolution:  NLT 1.0 between the main cosyntropin peak and the reduced Trp-
cosyntropin peak in the Standard solution

Retention time:  16–20 min for the cosyntropin peak, Standard solution
Relative retention time of main impurity in Peak identification solution:  About 0.4
Relative standard deviation:  NMT 2.0% for the cosyntropin peak from three replicate

injections of the Standard solution
Analysis 

Sample:  Sample solution

Integrate the chromatogram using the normalization procedure. 
Calculate the percentage of cosyntropin-related impurities in the portion of Cosyntropin
taken:

Result = (ri/rT) × 100

ri= peak response of any individual impurity from the Sample solution
rT= sum of all peak responses from the Sample solution
Acceptance criteria 

Individual impurities:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Cosyntropin sulfoxide 0.4 2
Reduced Trp in cosyntropin 0.9 2
Any other individual impurity — 1
Total impurities — 5

OTHER COMPONENTS

•  Acetic Acid in Peptides 503 : 8%–13% using a 3-mg/mL Test solution prepared by
dissolving 10 mg of cosyntropin in 10 mL of Solution A:Solution B (95:5)

•  Trifluoroacetic Acid Content: Perform the method contained in USP general chapter 503
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substituting a suitable quantity of trifluoroacetate for the Standard solution. The
cosyntropin shall contain NMT 0.5% trifluoroacetic acid.

SPECIFIC TESTS

•  Absorption 851
Wavelength range:  240–280 nm
Sample solution:  0.2 mg/mL in 0.1 M hydrochloride
Acceptance criteria:  Absorptivity of 0.51–0.61, calculated on the anhydrous and acetic

acid-free basis, at the maximum wavelength of 276 nm
Ratio:  A276/A248, 2.4–2.9

•  Bacterial Endotoxins 85 : It contains NMT 10 USP Endotoxin Units/mg of cosyntropin.

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is less than 100 cfu/g.

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in 1% (v/v) acetic acid

Acceptance criteria:  99  to 109  (anhydrous, acetic acid-free substance)

•  Water Determination, Method 1c 921 : NMT 10.0%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight, light-resistant containers at 2 –8 .

•  USP Reference Standards 11
USP Cosyntropin Acetate RS
USP Endotoxin RS

1  A suitable substitute is Eluant A from Waters Corporation, catalog number WAT052890.

BRIEFING

Desloratadine. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedure in the Assay and in the test for Organic Impurities is based on analyses
performed with a Hypersil BDS brand of L7 column. The typical retention time for
desloratadine is about 16 min.

(SM4: D. Vicchio.)
Correspondence Number—C95399

Comment deadline: May 31, 2013

Add the following:
Desloratadine

1S (USP37)
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C19H19ClN2       310.82 

Benzo[5,6]cyclohepta[1,2-b]pyridine, 8-chloro-6,11-dihydro-11-(4-piperidinylidene)-, 5H-;     
8-Chloro-6,11-dihydro-11-(piperidin-4-ylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine    
[100643-71-8].

DEFINITION

Desloratadine contains NLT 98.0% and NMT 102.0% of desloratadine (C19H19ClN2), calculated
on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  1.36 g/L of monobasic potassium phosphate in water. Add 10 mL of triethylamine
per L of the solution, and adjust with dilute phosphoric acid (1 in 10) to a pH of 2.0.

Solution A:  Acetonitrile, methanol, and Buffer (10:10:80)
Solution B:  Acetonitrile, tetrahydrofuran, and Buffer (70:5:30)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
10 100 0
15 90 10
20 70 30
25 60 40
30 50 50
38 50 50
40 100 0
45 100 0

Standard solution:  0.25 mg/mL of USP Desloratadine RS in Solution A
Sample solution:  0.25 mg/mL of Desloratadine in Solution A
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:   NMT 3.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of desloratadine (C19H19ClN2) in the portion of Desloratadine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Desloratadine RS in the Standard solution (mg/mL)
CU= concentration of Desloratadine in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 ppm

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

Buffer, Solution A, Solution B, and Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  0.15 µg/mL of USP Desloratadine Related Compound A RS and

100 µg/mL of USP Desloratadine RS in Solution A
Standard solution:  0.5 µg/mL of USP Desloratadine RS in Solution A
Sample solution:  500 µg/mL of Desloratadine in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  60 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between desloratadine and desloratadine related compound A,
System suitability solution
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Tailing factor:  NMT 3.0 for desloratadine, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Desloratadine taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of desloratadine from the Standard solution
CS= concentration of USP Desloratadine RS in the Standard solution (µg/mL)
CU= concentration of Desloratadine in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative 
Retention 

Time

Relative
Response

Factor

Acceptance 
Criteria, 
NMT (%)

Dechloro desloratadinea 0.38 0.90 0.15

Desloratadine 1.0 — —
Desloratadine related compound Ab 1.30 0.86 0.15

Dehydro desloratadinec 1.59 1.00 0.15

Ethyl desloratadine carboxylated 2.25 0.79 0.15

Any other individual unspecified impurity — 1.00 0.10
Total impurities — — 0.40

a  6,11-Dihydro-11-(piperidin-4-ylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine.
b  8-Bromo-6,11-dihydro-11-(piperidin-4-ylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine.

c  8-Chloro-11-(piperidin-4-ylidene)benzo[5,6]cyclohepta[1,2-b]pyridine.
d  8-Chloro-6,11-dihydro-11-(1-ethoxycarbonylpiperidin-4-ylidene)-5H-

benzo[5,6]cyclohepta[1,2-b]pyridine.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a 1-g sample in a vacuum drying apparatus at 105  and at a pressure of
NMT 5 mm of mercury.

Acceptance criteria:  NMT 0.40%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

•  USP Reference Standards 11
USP Desloratadine RS
USP Desloratadine Related Compound A RS 

8-Bromo-6,11-dihydro-11-(piperidin-4-ylidene)-5H-
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benzo[5,6]cyclohepta[1,2-b]pyridine.     
C19H19BrN2      355.27

BRIEFING

Diethyltoluamide, USP 36 page 3238. As part of the USP monograph modernization effort, it is
proposed to make the following revisions:

1. Replace the IR Assay with a stability-indicating HPLC Assay.

2. Replace the current Identification test for Infrared Absorption 197S  using toxic

solvent carbon disulfide with 197F  using a neat sample.
3. Add an Identification test that is an HPLC retention time match from the Assay as an

orthogonal test to Identification test A.

The HPLC analysis was performed with the Agilent Zorbax SB-C18 brand of L1 column with a
retention time for diethyltoluamide (m-isomer) of about 23 min. The monograph has also
been reformatted to be consistent with monograph redesign.

(SM1: B. Davani.)
Correspondence Number—C104424

Comment deadline: May 31, 2013
Diethyltoluamide

C12H17NO       191.27 

Benzamide, N,N-diethyl-3-methyl-;     
N,N-Diethyl-m-toluamide     [134-62-3].

DEFINITION

Diethyltoluamide contains NLT 95.0% and NMT 103.0% of the meta-isomer of diethyltoluamide
(C12H17NO), calculated on the anhydrous basis.

IDENTIFICATION

Change to read:
•  

A.

Infrared Absorption 197S

197F
Sample solution:  20 mg/mL of Diethyltoluamide in carbon disulfide
Analysis:  Spectral region between 8 and 15 µm

Acceptance criteria:  Meets the requirement.

Add the following:

1S (USP37)
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Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Standard solution:  20 mg/mL of USP Diethyltoluamide RS in carbon disulfide
Sample solution:  20 mg/mL of Diethyltoluamide in carbon disulfide
Spectrometric conditions 

Mode:  IR spectrophotometer
Analytical wavelengths:  14.1 and 14.4 µm
Cell:  1 mm
Blank:  Carbon disulfide

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Calculate the percentage of the meta-isomer of diethyltoluamide (C12H17NO) in the
portion of Diethyltoluamide taken:

Result = (AU14.1  AU14.4)/AS14.1  (AS14.4A) × (CS/CU) × 100

AU14.1 and
AU14.4

= absorbance at wavelength indicated by the subscripts for the Sample
solution

AS14.1 and
AS14.4

= absorbance at wavelength indicated by the subscripts. for the Standard
solution

CS = concentration of the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)

Acceptance criteria:  95.0%–103.0% on the anhydrous basis
Mobile phase:  Methanol and 0.1% phosphoric acid (45:55)
Diluent:  Methanol and water (45:55)
System suitability solution:  0.2 mg/mL of USP Diethyltoluamide RS (m-isomer) and

0.02 mg/mL of diethyltoluamide (p-isomer) in Diluent
Standard solution:  0.2 mg/mL of USP Diethyltoluamide RS in Diluent
Sample solution:  0.2 mg/mL of Diethyltoluamide in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between diethyltoluamide (m-isomer) and diethyltoluamide (p-
isomer), System suitability solution

Tailing factor:  NMT 2.0, System suitability solution
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Relative standard deviation:  NMT 1.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of diethyltoluamide (C12H17NO) in the portion of
Diethyltoluamide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  95.0%–103.0% on the anhydrous basis

SPECIFIC TESTS

•  Specific Gravity 841 : 0.996–1.002

•  Refractive Index 831 : 1.520–1.524
•  Acidity

Sample solution:  Dissolve 10.0 g in 50 mL of neutralized alcohol, and add phenolphthalein
TS.

Analysis:  Titrate the Sample solution with 0.010 N sodium hydroxide.
Acceptance criteria:  NMT 4.0 mL of 0.010 N sodium hydroxide is required.

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Diethyltoluamide RS 

BRIEFING

Diethyltoluamide Topical Solution, USP 36, page 3239. As part of the USP modernization
effort, it is proposed to make the following revisions:

1. Replace IR Assay with a stability-indicating HPLC Assay.
2. Add HPLC retention time match obtained from Assay to Identification as an orthogonal

test to IR.

The HPLC analysis was performed with Agilent Zorbax SB-C18 brand of L1 column with a
retention time for diethyltoluamide (m-isomer) of about 22 min. The monograph has been
reformatted to be consistent with monograph redesign.

(SM1: B. Davani.)
Correspondence Number—C104424

Comment deadline: May 31, 2013
Diethyltoluamide Topical Solution
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DEFINITION

Diethyltoluamide Topical Solution is a solution of Diethyltoluamide in Alcohol or Isopropyl
Alcohol. It contains NLT 92.0% and NMT 108.0% of the labeled amount of the meta-isomer of
diethyltoluamide (C12H17NO). If it contains Alcohol, NLT 95.0% and NMT 105.0% of the labeled
amount of alcohol (C2H5OH) is present.

IDENTIFICATION

•  A. Infrared Absorption 197S
Sample solution:  Nominally 20 mg/mL of diethyltoluamide in carbon disulfide prepared as

follows. Transfer a quantity of Topical Solution, equivalent to 200 mg of diethyltoluamide,
into a beaker. Place the beaker into a vacuum oven containing silica gel and calcium

chloride, and adjusted to a pressure of about 380 mm of mercury, and heat at 35  for 6 h.
Transfer the residue with the aid of carbon disulfide to a 10-mL volumetric flask, and add
carbon disulfide to volume.

Analysis:  Spectral region between 8 and 15 µm
Acceptance criteria:  Meets the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  Transfer a quantity of Topical Solution, equivalent to 200 mg of
diethyltoluamide, into a beaker. Place the beaker into a vacuum oven containing silica gel
and calcium chloride, and adjusted to a pressure of about 380 mm of mercury, and heat

at 35  for 6 h. Transfer the residue with the aid of carbon disulfide to a 10-mL volumetric
flask, and add carbon disulfide to volume.

Standard solution:  20 mg/mL of USP Diethyltoluamide RS in carbon disulfide
Spectrometric conditions 

Mode:  IR
Analytical wavelength:  14.1–14.4 µm
Cell:  1 mm
Blank:  Carbon disulfide

Analysis 
Samples:  Sample solution, Standard solution, and Blank

Calculate the percentage of the meta-isomer of diethyltoluamide (C12H17NO) in the
Topical Solution taken:

Result = (AU14.1  AU14.4)/(AS14.1  AS14.4) × (CS/CU) × 100

AU14.1 and
AU14.4

= absorbance at wavelength indicated by the subscripts for the Sample
solution
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AS14.1 and
AS14.4

= absorbance at wavelength indicated by the subscripts for the Standard
solution

CS = concentration of the Standard solution (mg/mL)
CU = Nominal concentration of the Sample solution (mg/mL)

Acceptance criteria:  92.0%–108.0% of the labeled amount of the meta-isomer of
diethyltoluamide (C12H17NO)

Mobile phase:  Methanol and 0.1% phosphoric acid (45:55)
Diluent:  Methanol and water (45:55)
System suitability solution:  0.2 mg/mL of USP Diethyltoluamide RS (m-isomer) and

0.02 mg/mL of diethyltoluamide (p-isomer) in Diluent
Standard solution:  0.2 mg/mL of USP Diethyltoluamide RS in Diluent
Sample solution:  Nominally 0.2 mg/mL of Diethyltoluamide in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between diethyltoluamide (m-isomer) and diethyltoluamide (p-
isomer), System suitability solution

Tailing factor:  NMT 2.0, System suitability solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of the meta-isomer of diethyltoluamide
(C12H17NO) in the portion of Topical Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration in the Standard solution (mg/mL)
CU= nominal concentration in the Sample solution (mg/mL)
Acceptance criteria:  92.0%–108.0%

OTHER COMPONENTS

•  Alcohol Determination 611  (if present): 29.0%–89.0% of alcohol (C2H5OH) is found.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
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USP Diethyltoluamide RS 

BRIEFING

Dimenhydrinate, USP 36 page 3265. As part of the USP monograph modernization effort, the
following revisions are proposed based on the current monograph for Dimenhydrinate in the
European Pharmacopoeia:

1. Add a new HPLC procedure in the test for Organic Impurities. This procedure is based
on the analysis performed with the Phenomenex Luna brand of L1 column. The typical
retention times for 8-chlorotheophylline and diphenhydramine are about 5 min and 11
min.

2. Delete the wet chemistry tests for Bromide and Iodide and Chloride and the nonspecific
test for Melting Range or Temperature. These tests are no longer necessary
because a specific HPLC-based test for Organic Impurities is added.

(SM3: R.-H. Yeh, E. Gonikberg.)
Correspondence Number—C116527

Comment deadline: May 31, 2013
Dimenhydrinate

C17H21NO·C7H7ClN4O2       469.96 

1H-Purine-2,6-dione, 8-chloro-3,7-dihydro-1,3-dimethyl-, compd. with 2-
(diphenylmethoxy)-N,N-dimethylethanamine (1:1);     
8-Chlorotheophylline, compound with 2-(diphenylmethoxy)-N,N-dimethylethylamine (1:1)    
[523-87-5].

DEFINITION

Dimenhydrinate contains NLT 53.0% and NMT 55.5% of diphenhydramine (C17H21NO) and NLT
44.0% and NMT 47.0% of 8-chlorotheophylline (C7H7ClN4O2), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

ASSAY
•  Diphenhydramine

Sample:  150 mg of Dimenhydrinate
Analysis:  Dissolve the Sample in 75 mL of glacial acetic acid, and titrate with 0.05 N

perchloric acid VS, determining the endpoint potentiometrically. Perform a blank

determination (see Titrimetry 541 ), and make any necessary corrections. Each mL of
0.05 N perchloric acid is equivalent to 12.77 mg of diphenhydramine (C17H21NO).

Acceptance criteria:  53.0%–55.5% on the dried basis
•  8-Chlorotheophylline

Sample:  800 mg of Dimenhydrinate
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Analysis:  Place the Sample in a 200-mL volumetric flask, add 50 mL of water, 3 mL of 6 N
ammonium hydroxide, and 6 mL of 100 mg/mL ammonium nitrate solution. Warm the
mixture on a steam bath for 5 min. Add 25.0 mL of 0.1 N silver nitrate VS, mix, and warm
on a steam bath for 15 min with frequent shaking. Cool, dilute with water to volume, and
allow the precipitate to settle. Pass through a dry filter paper, discarding the first 20 mL
of the filtrate. Pipet 100 mL of the filtrate into a 250-mL flask, acidify with nitric acid, and
add an excess of 3 mL of the acid. Add 2 mL of ferric ammonium sulfate TS, and titrate
the excess silver nitrate with 0.1 N ammonium thiocyanate VS. Each mL of 0.1 N silver
nitrate is equivalent to 21.46 mg of 8-chlorotheophylline (C7H7ClN4O2).

Acceptance criteria:  44.0%–47.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.3%

Delete the following:
•  Bromide and Iodide

Sample: 100 mg of Dimenhydrinate
Analysis: In a test tube, mix the Sample, 50 mg of sodium nitrite, and 10 mL of chloroform.

Add 10 mL of 3 N hydrochloric acid, insert the stopper in the tube, and shake.
Acceptance criteria: The chloroform remains colorless.

Delete the following:
•  Chloride: When the ammoniacal filtrate from the precipitation of silver chlorotheophylline in

the Assay for 8-Chlorotheophylline is acidified preparatory to titration, the solution shows
NMT a faint opalescence. 

Add the following:
•  Organic Impurities

Diluent:  Acetonitrile and water (18:82)
Solution A:  10.0 g/L (equivalent to 13.8 mL/L) solution of triethylamine in water, adjusted

with a phosphoric acid to a pH of 2.5
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Flow Rate
(mL/min)

0 82 18 1.2
2 82 18 1.2
15 50 50 1.2
20 20 80 2.0
32 20 80 2.0

Return to original conditions, and re-equilibrate the system.
System suitability solution:  0.114 mg/mL of USP Diphenhydramine Hydrochloride RS and

0.1 mg/mL each of USP Diphenhydramine Related Compound A RS, USP Theophylline RS,
and USP Dimenhydrinate Related Compound E RS in Diluent

Standard solution:  2.28 µg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Sensitivity solution:  0.57 µg/mL of USP Diphenhydramine Hydrochloride RS in Diluent, from
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the Standard solution
Sample solution:  1.0 mg/mL of Dimenhydrinate in Diluent
Chromatographic system  

(See Chromatography 621 ,System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; 5-µm end-capped packing L1

Column temperature:  30
Flow rate:  See Table 1.
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution

Suitability requirements 
Resolution:  NLT 1.5 between diphenhydramine related compound A and diphenhydramine,

System suitability solution
Signal-to-noise ratio:  NLT 10 from the diphenhydramine peak, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Dimenhydrinate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of diphenhydramine from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution

(mg/mL)
CU= concentration of Dimenhydrinate in the Sample solution (mg/mL)
Mr1= molecular weight of diphenhydramine, 255.36
Mr2= molecular weight of diphenhydramine hydrochloride, 291.82
Acceptance criteria:  See Table 2. Disregard any peak less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Theophylline 0.3 0.2
8-Chlorotheophylline 0.47 —
Dimenhydrinate related compound E 0.7 0.15
Diphenhydramine related compound A 0.95 0.2
Diphenhydramine 1.0 —
Any other individual impurity — 0.10
Total impurities — 0.5

SPECIFIC TESTS

Delete the following:
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•  Melting Range or Temperature 741 : 102 –107  

•  Loss on Drying 731
Analysis:  Dry a sample under vacuum over phosphorus pentoxide for 24 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Dimenhydrinate RS 
USP Dimenhydrinate Related Compound E 

8-Chlorocaffeine. 
8-Chloro-3,7-dihydro-1,3,7-trimethyl-1H-purine-2,6-dione. 
C8H9ClN4O2      228.64

USP Diphenhydramine Hydrochloride
USP Diphenhydramine Related Compound A 

2-(diphenylmethoxy)-N-methylethanamine hydrochloride. 
C16H19NO·HCl      277.79

USP Theophylline RS  

BRIEFING

Dipyridamole, USP 36 page 3281. As part of the USP monograph modernization, it is proposed
to replace the titration-based Assay procedure with a validated stability-indicating liquid
chromatographic procedure. The liquid chromatographic procedure in the Assay is based on
analyses performed with the 5-µm Zorbax-SB brand of L1 column. The typical retention time
for dipyridamole is about 7 min. It is also proposed to add an orthogonal Identification test B
based on the retention time match, and to delete the nonspecific test for Melting Range or
Temperature.

(SM2: S. Ramakrishna.)
Correspondence Number—C120149

Comment deadline: May 31, 2013
Dipyridamole

C24H40N8O4       504.63 

Ethanol, 2,2¢,2¢¢,2¢¢¢-[(4,8-di-1-piperidinylpyrimido[5,4-d]pyrimidine-2,6-diyl)dinitrilo]tetrakis-
;     
2,2¢,2¢¢,2¢¢¢-[(4,8-Dipiperidinopyrimido[5,4-d]pyrimidine-2,6-diyl)dinitrilo]tetraethanol     [58-32-
2].
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DEFINITION

Dipyridamole contains NLT 98.0% and NMT 102.0% of dipyridamole (C24H40N8O4), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  450 mg of Dipyridamole in 50 mL of glacial acetic acid. Stir for 30 min.
Add 75 mL of acetone, and stir for an additional 15 min.

Analysis:  Titrate with 0.1 N perchloric acid VS determining the endpoint
potentiometrically, using a glass electrode and a silver–silver chloride reference electrode

system. Perform a blank titration (see Titrimetry 541 ). Each mL of 0.1 N perchloric
acid is equivalent to 50.46 mg of C24H40N8O4.

Acceptance criteria:  99.0%–101.0% on the dried basis
Buffer:  0.77 g/L of ammonium acetate. Adjust with glacial acetic acid to a pH of 4.0.
Mobile phase:  Methanol and Buffer (700:300)
Standard solution:  0.2 mg/mL of USP Dipyridamole RS in methanol
Sample solution:  0.2 mg/mL of Dipyridamole in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 288 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of dipyridamole (C24H40N8O4) in the portion of Dipyridamole
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of dipyridamole from the Sample solution
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rS= peak response of dipyridamole from the Standard solution
CS= concentration of USP Dipyridamole RS in the Standard solution (mg/mL)
CU= concentration of Dipyridamole in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Mobile phase:  250 mg of dibasic sodium phosphate in 250 mL of water, and adjust with
dilute phosphoric acid (1 in 3) to a pH of 4.6. Add 750 mL of methanol, and pass through a
membrane filter of 0.5-µm pore size.

Standard solution:  15 µg/mL of USP Dipyridamole RS in Mobile phase
Sample solution A:  1 mg/mL of Dipyridamole in methanol
Sample solution B:  0.01 mg/mL of Dipyridamole, from Sample solution A, in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 288 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  NLT 10 min

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Sample solution A and Sample solution B

[Note—Inject Sample solution B into the chromatograph, adjusting the operating parameters
so that the response of the main peak (retention time about 6.5 min) obtained is about
5% full scale.]

Acceptance criteria:  The sum of the responses of all secondary peaks from Sample
solution A is NMT the response of the main peak from Sample solution B (1.0%).

SPECIFIC TESTS
•  Chloride

Sample:  500 mg
Analysis:  Dissolve the Sample in 5 mL of alcohol and 2 mL of 2 N nitric acid, and add 1 mL

of silver nitrate TS.
Acceptance criteria:  No turbidity or precipitate is produced.

Delete the following:

•  Melting Range or Temperature 741 : 162 –168 , but the range between beginning and
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end of melting does not exceed 2 . 

•  Loss on Drying 731

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 0.2%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at room

temperature.

•  USP Reference Standards 11
USP Dipyridamole RS 

BRIEFING

Dutasteride. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods. The liquid chromatographic procedures
in the Assay and in Organic Impurities, Procedure 1 were validated with an Inertsil ODS3
brand of L1 column. The typical retention time for dutasteride is about 40 min. The liquid
chromatographic procedures in Organic Impurities, Procedure 2 were validated with a
Zorbax SB phenyl brand of brand of L11 column. The typical retention time for dutasteride is
about 4 min.

(SM4: D. Vicchio.)
Correspondence Number—C106135

Comment deadline: May 31, 2013

Add the following:
Dutasteride

C27H30F6N2O2       528.53 

(5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1-ene-17-carboxamide;     

, , , ', ', '-Hexafluoro-3-oxo-4-aza-5 -androst-1-ene-17 -carboxy-2',5'-xylidide    
[164656-23-9].

DEFINITION

Dutasteride contains NLT 97.0% and NMT 102.0% of dutasteride (C27H30F6N2O2), calculated
on the anhydrous and solvent-free basis.
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IDENTIFICATION

•  A. Infrared Absorption 197K  or 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluent:  Acetonitrile and water (60:40)
Mobile phase:  Acetonitrile, water, and TFA (52: 48: 0.025)
System suitability solution:  0.5 mg/mL of USP Dutasteride Resolution Mixture RS in

Diluent. Sonicate to dissolve.
Standard solution:  0.5 mg/mL of USP Dutasteride RS in Diluent. Sonicate to dissolve.
Sample solution:  0.5 mg/mL of Dutasteride in Diluent. Sonicate to dissolve.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  1.5 times the retention time of dutasteride

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 
[Note—See Table 1.]

Resolution:  NLT 1.5 between the dutasteride 17 -epimer and dutasteride, System
Suitability solution

Relative standard deviation:  NMT 1.5%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of dutasteride (C27H30F6N2O2) in the portion of Dutasteride
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dutasteride RS in the Standard solution (mg/mL)
CU= concentration of Dutasteride in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0% on the anhydrous and solvent-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Limit of Platinum

Diluent:  Hydrochloric acid and dimethylsulfoxide (2:98). Prepare in a plastic volumetric
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flask.
Standard stock solution:  10 µg/mL of platinum in Diluent. Prepare by diluting (1:10) a

1000-µg/mL commercially available platinum standard.
Standard solution 1:  1.0 µg/mL of platinum in Diluent from the Standard stock solution
Standard solution 2:  0.1 µg/mL of platinum in Diluent from Standard solution 1
Sample solution:  0.01 g/mL of Dutasteride in Diluent. Sonicate to dissolve.
Instrumental conditions  

(See Plasma Spectrochemistry 730 .)
Mode:  ICP–OES
Analytical wavelength:  306.471 nm
Spectrophotometer system:  Use an inductively coupled plasma–optical emission

spectrophotometric system, and construct a calibration curve using the response from
the Diluent, Standard solution 1, and Standard solution 2.

System suitability 
Samples:  Diluent, Standard solution 1, and Standard solution 2
Suitability requirements 

Limit of quantitation:  3 µg/g for platinum. Use the standard deviation, in µg/mL, of the
platinum concentration obtained from the Diluent. 
Calculate the limit of quantitation from the Diluent:

Result = 10 × SD/Cs

SD= standard deviation of platinum from the Diluent (µg/mL)
CS= nominal concentration of platinum in the Sample solution (g/mL)
Correlation coefficient:  NLT 0.99 from the Diluent, Standard solution 1, and Standard

solution 2
Analysis 

Samples:  Diluent, Standard solution 1, Standard solution 2, and Sample solution

Plot the responses of the Diluent, Standard solution 1, and Standard solution 2 versus
their content (0, 0.1, and 1.0 µg/mL) of platinum. Determine the concentration, in µg/mL,
of platinum in the Sample solution from the calibration curve. 
Calculate the concentration, in µg/g, of platinum in the portion of Dutasteride taken:

Result = CS/CU

CS= concentration of platinum in the Sample solution (µg/mL)
CU= concentration of Dutasteride in the Sample solution (g/mL)
Acceptance criteria:  NMT 5 µg/g

•  Limit of Residual solvents
Standard stock solution:  5 mg/mL each of acetonitrile, ethyl acetate, pyridine, toluene,

dioxane, and n-heptane in dimethyl sulfoxide
Standard solution:  10 µg/mL each of acetonitrile, ethyl acetate, pyridine, toluene,

dioxane, and n-heptane in dimethyl sulfoxide from the Standard stock solution
Sample solution:  10 mg/mL of Dutasteride in dimethyl sulfoxide
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
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Column:  0.32-mm × 30-m capillary column coated with 5-µm film of G1
Temperatures 

Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold time at
Final Temperature

(min)

50 — 50 3
50 10 200 2

Injection port:  180

Detector:  260
Carrier gas:  Helium
Flow rate:  Head pressure at 12 psi
Split flow:  10 mL/min
Septum purge:  2 mL/min
Injector type:  Headspace

Sample volume:  2 mL

Sample temperature:  85
Equilibration time:  1 min
Thermostating time:  15 min

Needle temperature:  100

Transfer line temperature:  110
System suitability 

Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between the n-heptane and dioxane peaks
Relative standard deviation:  NMT 5% for each solvent

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each solvent in the portion of Dutasteride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for each solvent from the Sample solution
rS= peak response for each solvent from the Standard solution
CS= concentration of each solvent in the Standard solution (mg/mL)
CU= concentration of Dutasteride in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Acetonitrile 0.30 0.3
Ethyl acetate 0.60 0.2
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Dioxane 0.83 0.1
n-Heptane 0.85 0.5
Pyridine 0.92 0.2
Toluene 1.0 0.2

•  Organic Impurities, Procedure 1
Diluent, Mobile phase, System suitability solution, Standard solution, Sample

solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Analysis 
Sample:   Sample solution

Calculate the percentage of each impurity in the portion of Dutasteride taken:

Result = (rU/rT) × (1/F) × 100

rU= peak area for each impurity from the Sample solution
rT= total peak area from the Sample solution
F= relative response factor (see Table 3)
Acceptance criteria:  See Table 3.

Table 3

Name

Relative 
Retention

Time

Relative 
Response

Factor

Acceptance 
Criteria,
NMT (%)

Dutasteride acida 0.10 1.0 0.2

Dutasteride dimethylamideb 0.11 1.4 0.2

Dutasteride ethyl esterc 0.39 1.0 0.2

Dutasteride 17 -5-ened 0.90 1.0 0.2

Dutasteride 17 -epimere 0.93 1.0 0.3

Dutasteride 1.00 — —
Chlorodutasteridef 1.15 1.0 0.4

Dutasteride 5-eneg 1.20 1.0 0.3

Any other individual impurity — — 0.1

a  (5 ,17 )-3-Oxo-4-azaandrost-1-ene-17-carboxylic acid.
b  (5 ,17 )-N,N-Dimethyl-3-oxo-4-azaandrost-1-ene-17-carboxamide.
c  Ethyl (5 ,17 )-3-oxo-4-azaandrost-1-ene-17-carboxylate.
d  (17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1,5(6)-diene-17-

carboxamide.
e  (5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1-ene-17-

carboxamide.
f  (1 ,5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-1-chloro-3-oxo-4-azaandrostane-17-

carboxamide.
g  (17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1,5(6)-diene-17-

carboxamide.
•  Organic Impurities, Procedure 2
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Diluent:  Acetonitrile and water (60:40)
Mobile phase:  Acetonitrile and water (80:20)
System suitability solution:  0.5 mg/mL of USP Dutasteride Resolution Mixture RS in

Diluent. Sonicate to dissolve.
Sample solution:  0.5 mg/mL of Dutasteride in Diluent. Sonicate to dissolve.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 5-µm packing L11
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  5 times the retention time of dutasteride

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 2.0 between the dutasteride -dimer and dutasteride -dimer peaks
Analysis 

Sample:  Sample solution

Integrate the dutasteride peak and all drug-related peaks eluting after the dutasteride
peak. 
Calculate the percentage of each impurity in the portion of Dutasteride taken:

Result = (rU/rT) × 100

rU= peak area for each impurity from the Sample solution
rT= total peak area from the Sample solution
Acceptance criteria:  See Table 4.

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Dutasteride 1.0 —
Dutasteride -dimera 3.7 0.3

Dutasteride -dimerb 4.3 0.5

Any other individual impurity — 0.1
Total impuritiesc — 2.0

a  {[(5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1-ene-17-
carboxamide-]4-yl}{[(5 ,17 )-3-oxo-4-azaandrost-1-ene]-17-yl}methanone.

b  {[(5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-azaandrost-1-ene-17-

carboxamide-]4-yl}{[(5 ,17 )-3-oxo-4-azaandrost-1-ene]-17-yl}methanone.
c  Sum of impurities from Tables 3 and Table 4.

SPECIFIC TESTS
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•  Water Determination, Method Ic 921 : NMT 0.2%

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in chloroform and alcohol (98:2)

Acceptance criteria:  +15.0  to +25.0

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers, and store below 30 .

•  USP Reference Standards 11
USP Dutasteride RS
USP Dutasteride Resolution Mixture RS 

The mixture contains the following impurities (other impurities may also be present): 
Dutasteride 17 -epimer: (5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-
azaandrost-1-ene-17-carboxamide.     
C27H30F6N2O2      528.53 

Dutasteride -dimer: {[(5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-
azaandrost-1-ene-17-carboxamide-]4-yl}{[(5 ,17 )-3-oxo-4-azaandrost-1-ene]-17-
yl}methanone.     
C46H55F6N3O4      827.94 

Dutasteride -dimer: {[(5 ,17 )-N-[2,5-Bis(trifluoromethyl)phenyl]-3-oxo-4-

azaandrost-1-ene-17-carboxamide-]4-yl}{[(5 ,17 )-3-oxo-4-azaandrost-1-ene]-17-
yl}methanone.     
C46H55F6N3O4      827.94

BRIEFING

Efavirenz Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph, based on validated methods of analysis, is being proposed. The HPLC procedures
in the Assay and test for Organic Impurities are based on analyses performed with the
Agilent Zorbax SB-CN brand of L10 column. The typical retention times for the efavirenz
peak in the Assay and test for Organic Impurities are 11–18 min.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C103217

Comment deadline: May 31, 2013

Add the following:
Efavirenz Tablets

DEFINITION

Efavirenz Tablets contain NLT 92.0% and NMT 108.0% of the labeled amount of efavirenz
(C14H9ClF3NO2).

IDENTIFICATION

•  A. Infrared Absorption 197K

1S (USP37)
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Sample solution:  Completely remove the coating film from a Tablet using a mortar and
pestle to crack the Tablet, grind the contents into fine powder, and place the powder into
a suitable container. Dissolve the contents in about 5 mL of acetonitrile by mixing on a
vortex mixer. Allow to settle, remove about 3 mL of the solution, and centrifuge for about
5 min using a suitable container. Transfer 1–2 mL of supernatant to a clean suitable
container, and evaporate to dryness under nitrogen. Mix 0.5–1 mg of the powder with 200
mg of potassium bromide.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluent:  Acetonitrile and water (500:500)
Solution A:  Methanol, trifluoroacetic acid, and water (100: 0.5: 900)
Solution B:  Methanol, trifluoroacetic acid, and water (900: 0.5: 100)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 60 40
16 50 50
23 35 65
28 30 70
29 20 80
31 20 80
32 60 40
40 60 40

Standard solution 1:  0.2 mg/mL of USP Efavirenz Related Compound B RS in Diluent
Standard solution 2:  5 mg/mL of USP Efavirenz RS in Diluent. Sonicate to dissolve before

diluting to final volume.
Standard solution:  250 µg/mL of USP Efavirenz RS and 1 µg/mL of USP Efavirenz Related

Compound B RS in Diluent prepared from Standard solution 2 and Standard solution 1,
respectively. Store protected from light. For the HPLC analysis, it is recommended to use
polypropylene vials, because degradation may occur with glass containers.

Sample stock solution:  Nominally, 12 mg/mL of efavirenz in Diluent prepared as follows.
Transfer NLT 10 Tablets to a suitable container, and extract the contents in Diluent by
mixing for about 90 min. Store protected from light.

Sample solution:  Nominally, 240 µg/mL of efavirenz in Diluent prepared as follows. Filter a
portion of the Sample stock solution, and dilute the filtrate with Diluent. Store protected
from light. For the HPLC analysis, it is recommended to use polypropylene vials, because
degradation may occur with glass containers.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
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Column:  4.6-mm × 15-cm; 5-µm packing L10

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  35 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between efavirenz related compound B and efavirenz
Relative standard deviation:  NMT 2.0% for efavirenz

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of efavirenz (C14H9ClF3NO2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of efavirenz from the Sample solution
rS= peak response of efavirenz from the Standard solution
CS= concentration of USP Efavirenz RS in the Standard solution (mg/mL)
CU= nominal concentration of efavirenz in the Sample solution (mg/mL)

Acceptance criteria:  92.0%–108.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  2.0% (w/v) sodium lauryl sulfate in water; 1000 mL. Do not deaerate.
Apparatus 2:  50 rpm, with helix sinker. In addition, paddle and shaft must be composed of

stainless steel and not coated with Teflon or other material. Also, all sampling devices and
dissolution vessels must be washed with methanol or ethanol followed by a water wash.

Time:  30 min
Standard solution:  (L/1000) mg/mL of USP Efavirenz RS in Medium, where L is the Tablet

label claim in mg. A small volume of methanol, NMT 1% of the final volume, could be used
to solubilize efavirenz. Dilute this solution with Medium to obtain a final concentration of
about 0.012 mg/mL.

Sample solution:  Pass a portion of the solution under test through a suitable polyethylene
filter, and dilute with Medium to obtain a concentration similar to the Standard solution,
assuming complete dissolution of the Tablet label claim.

Instrumental conditions 
Analytical wavelength:  UV 247 nm
Cell:  1 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of efavirenz (C14H9ClF3NO2) dissolved:

Result = (AU/AS) × CS × V × D × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
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CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 1000 mL
D= dilution for the Sample solution
L= label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of efavirenz (C14H9ClF3NO2) is dissolved.

•  Uniformity of Dosage Units 905
Procedure for content uniformity 
Diluent:  Acetonitrile and water (50:50)
Standard solution:  12 µg/mL of USP Efavirenz RS in Diluent
Sample solution:  Transfer NLT 10 Tablets into separate and suitable containers, and

dissolve in 250 mL of Diluent. Stir for about 90 min, and centrifuge a portion of each
solution for 10 min. Pass about 10 mL through a suitable nylon or PVDF membrane filter.
Immediately dilute a portion of the filtrate to an efavirenz concentration of about 12
µg/mL.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  UV 246 nm
Cell:  1 cm
Blank:  Diluent

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of efavirenz (C14H9ClF3NO2) in each
Tablet taken:

Result = (AU/AS) × (CS/L) × V × D × 100

AU= absorbance of efavirenz from the Sample solution
AS= absorbance of efavirenz from the Standard solution
CS= concentration of USP Efavirenz RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of the Sample solution (mL)
D= dilution factor of the Sample solution

Acceptance criteria:  Meet the requirements

IMPURITIES
•  Organic Impurities

Diluent, Solution A, Solution B, Sample solution, and Chromatographic system:
 Prepare as directed in the Assay.

System suitability solution:  Use the Standard solution prepared as directed in the Assay.
Standard solution:  1.25 µg/mL of USP Efavirenz RS and 0.005 µg/mL of USP Efavirenz

Related Compound B RS in Diluent from the System suitability solution
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between efavirenz related compound B and efavirenz, System
suitability solution
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Relative standard deviation:  NMT 5.0% for efavirenz, Standard solution
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of any individual degradation product in the Tablet taken:

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

rU= peak response of any individual impurity (degradation product) from the Sample
solution

rS= peak response of efavirenz from the Standard solution
CS= concentration of USP Efavirenz RS in the Standard solution (mg/mL)
CU= nominal concentration of efavirenz in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Efavirenz aminoalcohol (degradation product)a 0.48 0.26 0.25

Efavirenz ethene analogb,c 0.93 — —

Efavirenz 1.0 — —

Efavirenz pent-3-ene-1-yne (cis)c,d

1.16

— —Efavirenz pent-3-ene-1-yne (trans)c,e

Efavirenz penteneynec,f

Efavirenz pentyne analogc,g 1.2 — —

Methylefavirenzc,h 1.28 — —

Efavirenz aminoalcohol methyl carbamatec,i 1.33 — —

Quinoline analog (degradation product)j 1.45 2.0 0.20

Efavirenz aminoalcohol ethyl carbamatec,k 1.53 — —

Unidentified impurityc 1.60 — —

Efavirenz aminoalcohol bis(ethoxycarbonyl)c,l 1.63 — —

N-Benzylefavirenzc,m 1.8 — —

Efavirenz benzoylaminoalcoholc,n 1.9 — —

Unidentified impurityc 2.1 — —

Cyclobutenylindole analogc,o 2.18 — —

Any other individual degradation product — 1.0 0.20

Totalc,p — — 0.50
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a  (S)-2-(2-Amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluorobut-3-yn-2-ol.
b  (S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
c  For information purposes only. These are process impurities monitored in the drug

substance and are not included in the total impurities. Include only the degradation
products in the calculation of the total impurities.

d  (S,E)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
e  (S,Z)-6-Chloro-4-(pent-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
f  (S)-6-Chloro-4-(3-methylbut-3-en-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-

one.
g  (S)-6-Chloro-4-(pent-1-ynyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.
h  (S)-6-Chloro-4-{[(2RS,2RS)-2-methylcyclopropyl]ethynyl}-4-(trifluoromethyl)-2H-3,1-

benzoxazin-2-one.
i  (S)-Methyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-

yl)phenylcarbamate.
j  6-Chloro-2-cyclopropyl-4-(trifluoromethyl)quinoline.
k  (S)-Ethyl 4-chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-

yl)phenylcarbamate.
l  (S)-Ethyl 4-chloro-2-[4-cyclopropyl-2-(ethoxycarbonyloxy)-1,1,1-trifluorobut-3-yn-2-

yl]phenylcarbamate.
m  (S)-6-Chloro-4-(cyclopropylethynyl)-1-(4-methoxybenzyl)-4-(trifluoromethyl)-2H-3,1-

benzoxazin-2-one.
n  (S)-N-[4-Chloro-2-(4-cyclopropyl-1,1,1-trifluoro-2-hydroxybut-3-yn-2-yl)phenyl]-4-

methoxybenzamide.
o  Ethyl 5-chloro-2-cyclobutenyl-3-(trifluoromethyl)-1H-indole-1-carboxylate.
p  Disregard any peak less than 0.05%. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in well-closed containers at controlled room temperature.

•  USP Reference Standards 11
USP Efavirenz RS 
USP Efavirenz Related Compound B RS 

(S,E)-6-Chloro-4-(2-cyclopropylvinyl)-4-(trifluoromethyl)-2H-3,1-benzoxazin-2-one.    
C14H11ClF3NO2      317.69

BRIEFING

Entecavir. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic method in the Assay and test for Organic Impurities is based on analyses
performed using the YMC-Pack Pro C18 brand of L1 column. The typical retention time for
entecavir is 21 min. The liquid chromatographic method in the test for Limit of Entecavir
Related Compound A is based on analyses performed using the Phenomenex Luna C18 brand
of L1 column. The typical retention time for entecavir related compound A is 6 min.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C107107

1S (USP37)
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Comment deadline: May 31, 2013

Add the following:
Entecavir

C12H15N5O3·H2O       295.29 
[209216-23-9].
6H-Purin-6-one, 2-amino-1,9-dihydro-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-
methylenecyclopentyl]-, monohydrate;     
9-[(1S,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine monohydrate.    
Anhydrous           277.28 [142217-69-4]. 

DEFINITION

Entecavir is a monohydrate and contains NLT 98% and NMT 102% of entecavir (C12H15N5O3),
calculated on the anhydrous basis.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Infrared Absorption 197 : Methods described in Infrared Absorption 197A  or 

197K  may be used.

ASSAY
•  Procedure

Solution A:  Acetonitrile and water (3:97)
Solution B:  Acetonitrile
Mobile phase:  See Table 1. These gradient elution times are established on an HPLC

system with a dwell volume of approximately 1.0 mL.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
8 100 0
50 77 23
75 17 83
90 100 0
100 100 0

Diluent A:  Methanol
Diluent B:  Solution A
Standard stock solution:  1.0 mg/mL of USP Entecavir Monohydrate RS in Diluent A.

Sonicate as needed.
Standard solution:  0.2 mg/mL of USP Entecavir Monohydrate RS in Diluent B from
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Standard stock solution
Sample stock solution:  1.0 mg/mL of entecavir monohydrate in Diluent A. Sonicate as

needed.
Sample solution:  0.2 mg/mL of entecavir monohydrate in Diluent B from Sample stock

solution
System suitability stock solution:  1.0 mg/mL of USP Entecavir System Suitability Mixture

RS in Diluent A
System suitability solution:  System suitability stock solution in Diluent B (1 in 5). [Note

—This solution corresponds to about 0.2 mg/mL of entecavir monohydrate.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The relative retention times for entecavir 1-epimer, entecavir, 8-hydroxy entecavir,
and 8-methoxy entecavir in the System suitability solution are 0.93, 1.0, 1.03, and 1.27,
respectively.]
Suitability requirements 

Tailing factor:  NLT 0.8 and NMT 1.5 for entecavir, System suitability solution
Relative standard deviation:  NMT 1.0%, Standard solution
Resolution:  NLT 3.5 between entecavir and entecavir 1-epimer and NLT 2.0 between

entecavir and 8-hydroxy entecavir, System suitability solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of entecavir (C12H15N5O3·H2O) in the portion of Entecavir
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
CU= concentration of entecavir monohydrate in the Sample solution (mg/mL)
Acceptance criteria:  98%–102% on the anhydrous basis

IMPURITIES
•  Organic Impurities

Solution A, Solution B, Mobile phase, Standard stock solution, Standard solution,
Sample stock solution, Sample solution, System suitability solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Entecavir taken:

Result = (ri/F)/(rAPI + [S ri/F]) × 100

ri = peak response of each impurity from the Sample solution
F = relative response factor (see Table 2)
rAPI= peak response of entecavir from the Sample solution
Acceptance criteria 

Individual impurities:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Furoentecavira 0.73 1.0 0.1

Entecavir 1-epimerb 0.93 1.0 0.1

Entecavir 3-epimerc 0.96 1.0 0.1
Entecavir 1.0 — —

8-Hydroxy entecavird 1.03 0.67 0.1

Entecavir 4-epimere 1.08 1.0 0.1

8-Methoxy entecavirf 1.27 0.67 0.1

4-Dimethylsilyl entecavirg 1.84 1.0 0.1

Entecavir related compound Ah 3.41 — —i

Any unspecified impurity — 1.0 0.1

Total impuritiesj — — 0.3

a  9-[(3aS,4S,6S,6aR)-3a,6-Dihydroxyhexahydro-1H-cyclopenta[c]furan-4-yl]guanine.
b  9-[(1R,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
c  9-[(1S,3S,4S)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
d  8-Hydroxy-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-

methylenecyclopentyl]guanine.
e  9-[(1S,3R,4R)-4-Hydroxy-3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.
f  8-Methoxy-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-

methylenecyclopentyl]guanine.
g  9-[(1S,3R,4S)-4-Hydroxydimethylsilyl-3-(hydroxymethyl)-2-

methylenecyclopentyl]guanine.
h  9-[(1S,3R,4S)-4-Dimethylphenylsilyl-3-(benzyloxymethyl)-2-

methylenecyclopentyl]guanine.
i  For information only. Quantitated in the test for Limit of Entecavir Related Compound

A.
j  Sum of all impurities found in the test for Organic Impurities and entecavir related

compound A found in the test for Limit of Entecavir Related Compound A. Disregard any
impurity less than 0.03% (w/w).

•  Limit of Entecavir Related Compound A
Solution A:  Add 1 mL of trifluoroacetic acid to 1 L of water.
Solution B:  Add 1 mL of trifluoroacetic acid to 1 L of acetonitrile.
Mobile phase:  See Table 3. These gradient elution times are established on an HPLC

PF 39(2): Mar.-Apr. 2013 241



system with a dwell volume of approximately 1.0 mL.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 65 35
8 53 47

8.1 65 35
11 65 35

Diluent:  Methanol
Standard stock solution:  0.1 mg/mL of USP Entecavir Related Compound A RS in Diluent.

Sonicate as needed.
Standard solution:  2 µg/mL of USP Entecavir Related Compound A RS in Diluent from

Standard stock solution
Sample solution:  1.0 mg/mL of entecavir monohydrate in Diluent. Sonicate as needed.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 5-cm; 5-µm packing L1

Column temperature:  30

Autosampler temperature:  4
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NLT 0.8 and NMT 1.5
Relative standard deviation:  NMT 3.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of entecavir related compound A in the portion of entecavir
monohydrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of entecavir related compound A from the Sample solution
rS= peak response of entecavir related compound A from the Standard solution
CS= concentration of USP Entecavir Related Compound A RS in the Standard solution

(mg/mL)
CU= concentration of entecavir monohydrate in the Sample solution (mg/mL)
Acceptance criteria 

Entecavir related compound A:  NMT 0.1%

SPECIFIC TESTS

•  Water Determination, Method 1c 921 : 5.8%–6.5%
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•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL of Entecavir on the anhydrous basis in

dimethylformamide:methanol (50:50)

Acceptance criteria:  +24  to +28

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and protect from light. Store at

controlled room temperature.

•  USP Reference Standards 11
USP Entecavir Monohydrate RS
USP Entecavir Related Compound A RS 

3-Benzyl-4-silyl entecavir.     
9-[(1S,3R,4S)-4-Dimethylphenylsilyl-3-(benzyloxymethyl)-2-
methylenecyclopentyl]guanine.     
C27H31N5O2Si      485.65

USP Entecavir System Suitability Mixture RS —This is a mixture of the following: 
Entecavir 1-epimer (9-[(1R,3R,4S)-4-Hydroxy-3-(hydroxymethyl)-2-
methylenecyclopentyl]guanine.     
C12H15N5O3      277.28 
8-Hydroxy entecavir (8-hydroxy-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2-
methylenecyclopentyl]guanine.     
C12H15N5O4      293.28 
8-Methoxy entecavir (for retention time marker) (8-methoxy-9-[(1S,3R,4S)-4-hydroxy-
3-(hydroxymethyl)-2-methylenecyclopentyl]guanine.     
C13H17N5O4      307.31 
and anhydrous entecavir.    

BRIEFING

Entecavir Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic method in the Assay and the test for Organic Impurities is based on
analyses performed using the Waters Atlantis dC18 brand of L1 column. The typical retention
time for the entecavir peak is 13 min. The liquid chromatographic method in the test for
Dissolution is based on analyses performed using the YMC-Pack ODS-AQ brand of L1 column.
The typical retention time for the entecavir peak is 5 min.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C112232

Comment deadline: May 31, 2013

Add the following:
Entecavir Tablets

DEFINITION

Entecavir Tablets contain NLT 90.0% and NMT 105.0% of the labeled amount of entecavir

1S (USP37)
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monohydrate (C12H15N5O3·H2O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  Acetonitrile, trifluoroacetic acid, and water (1: 0.1: 99)
Solution B:  Acetonitrile, trifluoroacetic acid, and water (30: 0.1: 70)
Mobile phase:  See Table 1. These gradient elution times are established on an HPLC

system with a dwell volume of approximately 1.1 mL.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
3.5 100 0
21 69 31
24 51 49
27 0 100
28 100 0
35 100 0

Diluent:  0.01 N hydrochloric acid
Standard stock solution:  First dissolve 0.2 mg/mL of USP Entecavir Monohydrate RS in

20% of the flask volume of methanol, sonicate to dissolve, and dilute with Diluent to
volume.

Standard solution:  10 µg/mL of USP Entecavir Monohydrate RS in Diluent from Standard
stock solution

Sample solution:  Nominally, 10 µg/mL prepared as follows. Transfer NLT 5 Tablets to an
appropriately sized volumetric flask. Add 80% volume of Diluent, and sonicate for 30 min.
Cool to room temperature. Dilute with Diluent to volume, and centrifuge for 10 min at 3000
rpm. Filter the supernatant, and use the filtrate as the sample.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1

Column temperature:  30

Autosampler temperature:  4
Flow rate:  1 mL/min
Injection volume:  75 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  0.8–1.5, Standard solution
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Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of entecavir monohydrate
(C12H15N5O3·H2O) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
CU= nominal concentration of entecavir monohydrate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–105.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  Simulated intestinal fluid TS without enzymes; 1000 mL
Apparatus 2:  50 rpm
Time:  30 min
Mobile phase:  Acetonitrile and water (8:92)
Standard stock solution:  0.1 mg/mL of USP Entecavir Monohydrate RS in Medium

prepared by dissolving a suitable amount of material in 66% of the flask volume. Sonicate
until dissolved. Cool before diluting to volume.

Standard solution:  Dilute an appropriate volume from Standard stock solution to obtain a
similar concentration as the Sample solution into an appropriately sized volumetric flask.
Prepare fresh daily.

Sample solution:  Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  100 µL
Run time:  6 min

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  0.8–1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of entecavir monohydrate
(C12H15N5O3·H2O) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100
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rU= peak response of entecavir monohydrate from the Sample solution
rS= peak response of entecavir monohydrate from the Standard solution
CS= concentration of USP Entecavir Monohydrate RS in the Standard solution (mg/mL)
V= volume of Medium, 1000 mL
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of entecavir monohydrate

(C12H15N5O3·H2O) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Solution A, Solution B, Mobile phase, Diluent, Standard stock solution, Standard
solution, Sample solution, and Chromatographic system:  Proceed as directed in the
Assay.

Sensitivity solution:  0.005 µg/mL of USP Entecavir Monohydrate RS in Diluent from
Standard solution. Prepare fresh daily.

System suitability 
Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Tailing factor:  0.8–1.5, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity from the Sample solution
rT= sum of the responses of all the peaks from the Sample solution
Acceptance criteria 

Individual impurities:  NMT 0.5%
Total impurities:  NMT 2.0%; Disregard any peak with an area less than 0.10%.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is not more than 103 cfu/g. The total yeasts and molds count
is not more than 102 cfu/g. It meets the requirements of the tests for absence of
Escherichia coli species.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

•  USP Reference Standards 11
USP Entecavir Monohydrate RS

BRIEFING
1S (USP37)
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BRIEFING

Estazolam, page 5980 of the First Supplement to USP 36. It is proposed to remove text that is
not suitable for the public standard from the note within the test for Organic Impurities.
Additionally, several minor editorial changes have been made to update the monograph to
current USP style.

(SM4: H. Joyce.)
Correspondence Number—C125691

Comment deadline: May 31, 2013
Estazolam

C16H11ClN4       294.74 

4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-;     
8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine     [29975-16-4].

DEFINITION

Estazolam contains NLT 98.0% and NMT 102.0% of estazolam (C16H11ClN4), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  2.8 g/L of monobasic potassium phosphate in water. Adjust with 1 N sodium
hydroxide to a pH of 6.5.

Mobile phase:  Acetonitrile, methanol, and Buffer (10:35:55)
Standard stock solution:  0.5 mg/mL of USP Estazolam RS in Mobile phase
Standard solution:  0.02 mg/mL of USP Estazolam RS in water from Standard stock solution
Sample stock solution:  0.5 mg/mL of Estazolam in Mobile phase
Sample solution:  0.02 mg/mL of Estazolam in water from Sample stock solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 3-µm packing L11
Flow rate:  1 mL/min
Injection volume:  25 µL
Run time:  2.5 times the retention time of the estazolam peak

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:   NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of estazolam (C16H11ClN4) in the portion of Estazolam taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Estazolam RS in the Standard solution (mg/mL)
CU= concentration of Estazolam in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:
•  Organic Impurities

Solution A:  Acetonitrile
Solution B:  Water
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 40 60
20 90 10
23 90 10
30 40 60
35 40 60

[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 1.0 mL. The injection time can be adjusted relative to the start of a run to
accommodate changes in dwell volume from one HPLC system to another to achieve the
separation desired.]

System suitability solution:  1 µg/mL each of USP Estazolam RS, USP Nordazepam RS, and
USP Estazolam Related Compound A RS in acetonitrile

1S (USP37)
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Standard solution:  1 µg/mL of USP Estazolam RS in acetonitrile
Sample solution:  1 mg/mL of Estazolam in acetonitrile
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between nordazepam and estazolam related compound A, System
suitability solution

Tailing factor:  NMT 1.2 for estazolam, Standard solution
Relative standard deviation:  NMT 2.0% for estazolam, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Estazolam taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of estazolam from the Standard solution
CS= concentration of USP Estazolam RS in the Standard solution (µg/mL)
CU= concentration of Estazolam in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Estazolam 1.0 — —

Nordazepama 1.4 1.3 0.1

Estazolam related compound Ab 1.6 1.0 0.1

Formamido chlorobenzophenonec 2.0 1.5 0.1

Bischloroacetylbenzophenoned 2.2 1.5 0.1

Aminochlorobenzophenonee 2.6 1.4 0.1

Chloroacetamido chlorobenzophenonef 2.7 1.2 0.1
Any individual, unspecified impurity — 1.0 0.10
Total impurities — — 0.5
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a  7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.
b  5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-benzophenone.
c  N-(2-Benzoyl-4-chlorophenyl) formamide.
d  2-(N-Chloroacetyl-N-chloroacetylhydrazonomethyl)amino-5-chlorobenzophenone.
e  (2-Amino-5-chlorophenyl) phenyl-methanone.
f  N-(2-Benzoyl-4-chlorophenyl)-2-chloroacetamide.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled

room temperature.

Change to read:

•  USP Reference Standards 11
USP Estazolam RS  

4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-;     
8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.     
C16H11ClN4       294.74

USP Estazolam Related Compound A RS  
5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-benzophenone. 
C16H11Cl2N3O      332.18

USP Nordazepam RS  
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one. 
C15H11ClN2O      270.71

BRIEFING

Fluconazole Injection, USP 36 page 3594. See Briefing under Fluconazole in Dextrose
Injection and Fluconazole in Sodium Chloride Injection.

(SM1: S. Shivaprasad, B. Davani.)
Correspondence Number—C117468

Comment deadline: May 31, 2013
Fluconazole Injection

New titles: Fluconazole in Sodium Chloride Injection or Fluconazole in Dextrose Injection 
New titles to become official February 1, 2016.

DEFINITION

Fluconazole Injection is a sterile solution of Fluconazole in a suitable vehicle. It contains NLT

1S (USP36)

1S (USP36)
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90.0% and NMT 110.0% of the labeled amount of fluconazole (C13H12F2N6O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.

Diluent:  Methanol and Buffer (20:80)
Solution A:  Methanol and Buffer (5:95)
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
9 80 20
15 15 85
18 80 20
25 80 20

System suitability solution:  0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent

Standard solution:  0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution:  Equivalent to 0.2 mg/mL of fluconazole from Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection size:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, from the System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency:  NLT 4000 theoretical plates for the fluconazole peak, System

suitability solution
Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of fluconazole (C13H12F2N6O) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
Organic Impurities 
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or

(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]

•  Procedure 1: For Nonpolar Impurities
Buffer and Diluent:  Prepare as directed in the Assay.
Solution A:  Methanol and Buffer (5:95)
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 77 23
5 77 23
30 40 60
43 77 23
50 77 23

System suitability solution:  2.4 and 20 µg/mL, respectively of 1,4-benzoquinone and USP
Fluconazole RS in Diluent

Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Equivalent to 1.0 mg/mL of fluconazole from Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection size:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5

and 1.0, respectively, System suitability solution.]
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Suitability requirements 
Resolution:  NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability

solution
Column efficiency:  NLT 2500 theoretical plates for the fluconazole peak, System

suitability solution
Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole

peak from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—For the following calculations, do not include peaks eluting before fluconazole and do

not include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The
disregarded impurities at the specified relative retention times are process impurities
monitored in the drug substance. Furthermore, disregard any peak due to an excipient or
any peak less than 0.02%. This test is for determination of the late-eluting peaks, and
hence the early-eluting peaks are not quantitated using this procedure.]

Calculate the percentage of the largest unknown nonpolar impurity in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)

Calculate the percentage of unknown nonpolar impurities in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak areas of the unknown peaks from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)
Acceptance criteria 

Largest unknown nonpolar impurity:  NMT 0.1%
Total unknown nonpolar impurities:  NMT 0.5%

•  Procedure 2: For Polar Impurities
Buffer, Diluent, Mobile phase, System suitability solution, and Chromatographic

system:  Proceed as directed in the Assay.
Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Equivalent to 0.2 mg/mL of fluconazole from Injection in Diluent
System suitability 
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Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency:  NLT 4000 theoretical plates for the fluconazole peak, System

suitability solution
Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole

peak from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—The relative retention times of known related compounds versus fluconazole are

included in Table 3.]

Calculate the percentage of the single largest unknown polar impurity in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)

Calculate the quantity, as a percentage, of the unknown polar impurities in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= total peak area response of all the unknown peaks from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)
Acceptance criteria 

Largest unknown polar impurity:  NMT 0.1%
Total unknown polar impurities:  NMT 0.5%
Total unknown polar and nonpolar impurities:  NMT 1.0% (sum of results from

Procedure 1 and Procedure 2)
[Note—Disregard any peak due to an excipient or any peak less than 0.03%.]

Table 3

Name

Relative
Retention

Time

Hydroxymethylfurfural (if dextrose is present)a 0.22–0.28
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Aminofluconazole quaternary saltb 0.30–0.36
Unidentified impurity (if dextrose is present)c 0.37–0.43
Fluconazole isomerd 0.47–0.59
Fluconazole diole 0.68–0.74
Cyclohexanonef 0.77–0.83
Fluconazole 1.0

a  5-Hydroxymethylfurfural.
b  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-

triazolium bromide.
c  Dextrose-related compound.
d  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
e  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
f  A process impurity associated with drug product packaged in bags.
[Note—Disregard aminofluconazole quaternary salt, fluconazole isomer, and fluconazole diol

impurities from Table 3 in the following calculation because these are process impurities
that are monitored in the drug substance.]

•  Procedure 3
Buffer:  0.63 g/L of ammonium formate in water
Mobile phase:  Acetonitrile and Buffer (14:86)
Standard solution:  2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately

14% of the total volume as acetonitrile, and sonicate if necessary to facilitate
dissolution.]

Sensitivity solution:  1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution

Sample solution:  Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection size:  20 µL

System suitability 
Samples:  Standard solution and Sensitivity solution

[Note—The retention time for fluconazole is between 12 and 14 min.]
Suitability requirements 

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Column efficiency:  NLT 3000 theoretical plates, Standard solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities:  See Table 4.
Total impurities:  NMT 0.5%

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Bistriazole ketonea 0.13 0.2
Fluconazole isomerb 0.5 0.2
Fluconazole 1.0 —
Epoxyfluconazolec 2.6 0.2
Any other individual impurity — 0.2

a  1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

•  Procedure 4
Buffer:  13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adust with phosphoric

acid to a pH of 7.0.
Mobile phase:  Acetonitrile and Buffer (26:74)
Standard solution:  2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution:  Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium

chloride
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  0.5 mL/min
Injection size:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities:  See Table 5.
Total impurities:  NMT 0.5%

Table 5

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Aminofluconazole quaternary salta 0.57 0.74 0.1
Fluconazole isomerb 0.68 0.93 0.1
Fluconazole diolc 0.91 1.3 0.1
Fluconazole 1.0 1.0 —
Fluconazole bromohydrined 2.58 1.1 0.1
Epoxyfluconazolee 2.59 0.90 0.1
Any other individual impurity — 1.0 0.1

a  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-
triazol-1-ium bromide.

b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d  1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

•  Bacterial Endotoxins Test 85 : NMT 0.416 USP Endotoxin Unit/mg of fluconazole

•  Other Requirements: Meets the requirements under Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store at controlled room temperature.
•  Labeling: Label to indicate the vehicle used. If a test for Organic Impurities other than

Procedure 1 and Procedure 2 is used, then the labeling states with which Organic
Impurities test the article complies.

•  USP Reference Standards 11
USP Endotoxin RS
USP Fluconazole RS 

BRIEFING
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Fluconazole in Dextrose Injection, USP 36 page 3594. On the basis of USP's Nomenclature
Expert Committee decision to include the specific vehicle in the title of pre-mixed drug
products, it is being proposed to change the title of the existing USP monograph from
Fluconazole Injection to Fluconazole in Dextrose Injection. The official USP monograph for
Fluconazole Injection is being split into two separate monographs—Fluconazole in Dextrose
Injection, to include the specific diluent in the title, and Fluconazole in Sodium Chloride
Injection (a new monograph). The following revisions are proposed for this monograph along
with the title change:

1. The Definition section is revised to include the specific vehicle (dextrose) used.
2. An Identification test for dextrose is included.
3. In the Organic impurities section, Procedure 3 and Procedure 4 are deleted as they are

specific to drug product in sodium chloride vehicle and no longer applicable to this
dosage form.

4. The Labeling section is deleted as it is no longer applicable.
5. The column efficiency criteria in the System suitability subsection in the Assay and in

the test for Organic impurities are deleted as other suitability criteria are sufficient.

In addition, the monograph is updated to current USP style.

Subject to consideration of comments received during the comment period, this revision is
proposed to become official August 1, 2013, but with February 1, 2016 designated as the
official date for the name change. The 30-month postponement of the official date for the
name change is intended to allow for product label changes to be made and for health
practitioners and consumers to become familiar with the revised terminology.

(SM1: S. Shivaprasad, B. Davani.)
Correspondence Number—C117468

Comment deadline: May 31, 2013

Change to read:
Fluconazole Injection

Fluconazole in Dextrose Injection
(Monograph title change–to become official February 1, 2016)

DEFINITION

Change to read:

Fluconazole Injection
Fluconazole in Dextrose Injection

is a sterile solution of Fluconazole in a suitable vehicle
containing Fluconazole and Dextrose.

It contains NLT 90.0% and NMT 110.0% of the labeled amount of fluconazole (C13H12F2N6O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Add the following:
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•  B. Test for Dextrose
Analysis:  Add a few drops of the Injection (1 in 20) to 5 mL of hot alkaline cupric tartrate

TS.
Acceptance criteria:  A red to orange precipitate of cuprous oxide is formed.

ASSAY

Change to read:
•  Procedure

Buffer:  0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.

Diluent:  Methanol and Buffer (20:80)
Solution A:  Methanol and Buffer (5:95)
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
9 80 20
15 15 85
18 80 20
25 80 20

System suitability solution:  0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent

Standard solution:  0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution:  Equivalent to 0.2 mg/mL of fluconazole from Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, from the System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency:  NLT 4000 theoretical plates for the fluconazole peak, System

suitability solution

Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of fluconazole (C13H12F2N6O) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES

Change to read:
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or
(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]

Change to read:
Organic Impurities 
•  Procedure 1: For Nonpolar Impurities

Buffer and Diluent:  Prepare as directed in the Assay.
Solution A:  Methanol and Buffer (5:95)
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 2.

Table 2

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 77 23
5 77 23
30 40 60
43 77 23
50 77 23

System suitability solution:  2.4 µg/mL of 1,4-benzoquinone and 20 µg/mL of USP
Fluconazole RS in Diluent

Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Equivalent to 1.0 mg/mL of fluconazole from Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
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Injection volume:  100 µL
System suitability 

Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5 and

1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability
solution

Column efficiency:  NLT 2500 theoretical plates for the fluconazole peak, System
suitability solution

Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole peak

from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—For the following calculations, do not include peaks eluting before fluconazole and do

not include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The
disregarded impurities at the specified relative retention times are process impurities
monitored in the drug substance. Furthermore, disregard any peak due to an excipient or
any peak less than 0.02%. This test is for determination of the late-eluting peaks, and
hence the early-eluting peaks are not quantitated using this procedure.]

Calculate the percentage of the largest unknown nonpolar impurity in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest unknown nonpolar impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)

Calculate the percentage of unknown nonpolar impurities in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak responses of all the unknown nonpolar impurities from the Sample
solution

rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)
Acceptance criteria 

Largest unknown nonpolar impurity:  NMT 0.1%
Total unknown nonpolar impurities:  NMT 0.5%

Change to read:
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•  Procedure 2: For Polar Impurities
Buffer, Diluent, Mobile phase, System suitability solution, and Chromatographic

system:  Proceed as directed in the Assay.
Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Equivalent to 0.2 mg/mL of fluconazole from the Injection in Diluent
System suitability 

Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Column efficiency:  NLT 4000 theoretical plates for the fluconazole peak, System

suitability solution

Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole

peak from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—The relative retention times of known related compounds versus fluconazole are

included in Table 3.]

Calculate the percentage of the largest unknown polar impurity in the portion of Injection
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest unknown polar impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)

Calculate the percentage of the unknown polar impurities in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak responses of all the unknown polar impurities from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim and the extent of dilution, in the

Sample solution (mg/mL)
Acceptance criteria:  

Largest unknown polar impurity:  NMT 0.1%
Total unknown polar impurities:  NMT 0.5%
Total unknown polar and nonpolar impurities:  NMT 1.0% (sum of results from

Procedure 1 and Procedure 2)
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 See Table 3. 

Disregard any peak due to an excipient or any peak less than 0.03%.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Hydroxymethylfurfural (if dextrose is present)

a
0.22–0.28 –b

Aminofluconazole quaternary salt c 0.30–0.36 –b

Unidentified impurity (if dextrose is present)c

Unidentified dextrose-related impurity
0.37–0.43 –

Fluconazole isomerd 0.47–0.59 –b

Fluconazole diole 0.68–0.74 –b

Cyclohexanonef 0.77–0.83 –
Fluconazole 1.0 –
Largest unknown polar impurity – 0.1
Total unknown polar impurities – 0.5
Total unknown polar and nonpolar impurities (sum of
results from Procedure 1 and Procedure 2 – 1.0

a  5-Hydroxymethylfurfural.
b Disregard aminofluconazole quaternary salt, fluconazole isomer, and fluconazole diol
impurities from Table 3 in the following calculation because these are process impurities
that are monitored in the drug substance. 

c  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-
triazolium bromide.

c Dextrose-related compound.

d  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
e  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
f  A processPotential
impurity associated with drug product packaged in bags.

[Note—Disregard aminofluconazole quaternary salt, fluconazole isomer, and fluconazole diol
impurities from Table 3 in the following calculation because these are process impurities that
are monitored in the drug substance.]

Delete the following:
•  Organic Impurities: Procedure 3

Buffer: 0.63 g/L of ammonium formate in water
Mobile phase: Acetonitrile and Buffer (14:86)
Standard solution: 2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately

14% of the total volume as acetonitrile, and sonicate if necessary to facilitate dissolution.
]
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Sensitivity solution: 1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution

Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature: 30
Flow rate: 1 mL/min
Injection size: 20 µL

System suitability 
Samples: Standard solution and Sensitivity solution

[Note—The retention time for fluconazole is between 12 and 14 min. ]
Suitability requirements 

Signal-to-noise ratio: NLT 10, Sensitivity solution
Column efficiency: NLT 3000 theoretical plates, Standard solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2%, Standard solution

Analysis 
Samples: Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities: See Table 4.
Total impurities: NMT 0.5%

Table 4

Name

Relative 
Retention 

Time

Acceptance 
Criteria, 
NMT (%)

Bistriazole ketonea 0.13 0.2

Fluconazole isomerb 0.5 0.2
Fluconazole 1.0 —

Epoxyfluconazolec 2.6 0.2
Any other individual impurity — 0.2
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a  1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

Delete the following:
•  Organic Impurities: Procedure 4

Buffer: 13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adust with phosphoric
acid to a pH of 7.0.

Mobile phase: Acetonitrile and Buffer (26:74)
Standard solution: 2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution: Equivalent to 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium

chloride
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.5 mL/min
Injection size: 50 µL

System suitability 
Sample: Standard solution
Suitability requirements 

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis 
Samples: Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= concentration of fluconazole, based on the label claim, in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities: See Table 5.
Total impurities: NMT 0.5%

Table 5

Name

Relative 
Retention 

Time

Relative 
Response 

Factor

Acceptance 
Criteria, 
NMT (%)

Aminofluconazole quaternary salta 0.57 0.74 0.1

Fluconazole isomerb 0.68 0.93 0.1

Fluconazole diolc 0.91 1.3 0.1
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Fluconazole 1.0 1.0 —

Fluconazole bromohydrined 2.58 1.1 0.1

Epoxyfluconazolee 2.59 0.90 0.1
Any other individual impurity — 1.0 0.1

a  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-
triazol-1-ium bromide.

b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d  1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

•  Bacterial Endotoxins Test 85 : NMT 0.416 USP Endotoxin Unit/mg of fluconazole

•  Other Requirements: Meets the requirements in Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store at controlled room temperature.

Delete the following:
•  Labeling: Label to indicate the vehicle used. If a test for Organic Impurities other than

Procedure 1 and Procedure 2 is used, then the labeling states with which Organic
Impurities test the article complies. 

•  USP Reference Standards 11
USP Endotoxin RS
USP Fluconazole RS 

BRIEFING

Fluconazole in Sodium Chloride Injection. On the basis of USP's Nomenclature Expert
Committee decision to include the specific vehicle in the title of premixed products, a new
monograph is being proposed for the drug product Fluconazole Injection. As the injection is
produced in two separate vehicles, namely in Dextrose and in Sodium Chloride, it is being
proposed to split the official USP monograph for Fluconazole Injection into two separate
monographs—Fluconazole in Sodium Chloride Injection (a new monograph) and Fluconazole
in Dextrose Injection (a revision to the existing USP monograph). The specifications in the
current proposal for Fluconazole in Sodium Chloride Injection are adopted from the existing
monograph for Fluconazole Injection in USP 36 page 3594. The specific modifications for this
title include the following:

1. The Definition section is revised to include the specific vehicle (sodium chloride) used.
2. The Identification tests for sodium and chloride are included.
3. Table 3 in the Organic Impurities section is revised to remove the dextrose-related

impurities because dextrose is no longer applicable to this dosage form.
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4. The statement “Label to indicate the vehicle used” in the Labeling section is removed
because this is included in the Definition.

5. The column efficiency criteria in the System suitability subsection in the Assay and in
the test for Organic Impurities are deleted as other suitability criteria are sufficient.

Subject to consideration of comments received during the comment period, this new monograph
is proposed to become official August 1, 2013, but with February 1, 2016 designated as the
official date for the name change. The 30-month postponement of the official date for the
name change is intended to allow for product label changes to be made and for health
practitioners and consumers to become familiar with the revised terminology.

(SM1: S. Shivaprasad, B. Davani.)
Correspondence Number—C117470

Comment deadline: May 31, 2013

Add the following:
Fluconazole in Sodium Chloride Injection

(Monograph title change–to become official February 1, 2016)

DEFINITION

Fluconazole in Sodium Chloride Injection is a sterile solution containing Fluconazole and Sodium
Chloride. It contains NLT 90.0% and NMT 110.0% of the labeled amount of fluconazole
(C13H12F2N6O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Identification Tests—General, Sodium 191  and Chloride 191 : Meets the
requirements

ASSAY
•  Procedure

Buffer:  0.82 g/L of sodium acetate in water. Adjust with 1 N acetic acid solution to a pH of
5.0.

Diluent:  Methanol and Buffer (20:80)
Solution A:  Methanol and Buffer (5:95)
Solution B:  Acetonitrile and methanol (60:40)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
9 80 20
15 15 85
18 80 20
25 80 20
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System suitability solution:  0.04 mg/mL each of benzyl alcohol and USP Fluconazole RS in
Diluent

Standard solution:  0.2 mg/mL of USP Fluconazole RS in Diluent
Sample solution:  Nominally 0.2 mg/mL of fluconazole from the Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of fluconazole (C13H12F2N6O) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
Organic Impurities 
[Note—On the basis of the synthetic route, perform either (a) Procedure 1 and Procedure 2, or

(b) Procedure 3, or (c) Procedure 4. Procedure 3 is recommended if bistriazole ketone and
epoxyfluconazole (see Table 4) are potential impurities. Procedure 4 is recommended if
fluconazole bromohydrine and epoxyfluconazole (see Table 5) are potential impurities.]

•  Procedure 1: For Nonpolar Impurities
Buffer, Diluent, Solution A, and Solution B:  Prepare as directed in the Assay.
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 77 23
5 77 23
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30 40 60
43 77 23
50 77 23

System suitability solution:  2.4 µg/mL of 1,4-benzoquinone and 20 µg/mL of USP
Fluconazole RS in Diluent

Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Nominally 1.0 mg/mL of fluconazole from the Injection in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 261 nm
Column:  4.0-mm × 10-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for 1,4-benzoquinone and fluconazole are about 0.5

and 1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 5.0 between 1,4-benzoquinone and fluconazole, System suitability
solution

Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole

peak from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—For the following calculations, do not include peaks eluting before fluconazole and do

not include impurities at relative retention times of 2.00–2.12 and 3.14–3.26. The
disregarded impurities at the specified relative retention times are process impurities
monitored in the drug substance. Furthermore, disregard any peak due to an excipient or
any peak less than 0.02%. This test is for determination of the late-eluting peaks, and
hence the early-eluting peaks are not quantitated using this procedure.]

Calculate the percentage of the largest unknown nonpolar impurity in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest unknown nonpolar impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)

Calculate the percentage of unknown nonpolar impurities in the portion of Injection taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak responses of all the unknown nonpolar impurities from the Sample
solution

rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria 

Largest unknown nonpolar impurity:  NMT 0.1%
Total unknown nonpolar impurities:  NMT 0.5%

•  Procedure 2: For Polar Impurities
Buffer, Diluent, Mobile phase, System suitability solution, and Chromatographic

system:  Proceed as directed in the Assay.
Standard solution:  2 µg/mL of USP Fluconazole RS in Diluent
Diluted standard solution:  0.2 µg/mL of USP Fluconazole RS in Diluent from the Standard

solution
Sample solution:  Nominally 0.2 mg/mL of fluconazole from the Injection in Diluent
System suitability 

Samples:  System suitability solution, Standard solution, and Diluted standard solution
[Note—The relative retention times for benzyl alcohol and fluconazole are about 0.8 and

1.0, respectively, System suitability solution.]
Suitability requirements 

Resolution:  NLT 1.8 between benzyl alcohol and fluconazole, System suitability solution
Tailing factor:  NMT 1.5 for the fluconazole peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Ratio of average peak area:  Between 8.0 and 12.0 for the ratio of the fluconazole

peak from the Standard solution to that of the Diluted standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—The relative retention times of known related compounds versus fluconazole are

included in Table 3.]

Calculate the percentage of the single largest unknown polar impurity in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the largest unknown polar impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)

Calculate percentage of the unknown polar impurities in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak responses of all the unknown polar impurities from the Sample solution
rS= peak response from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
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CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:  See Table 3. Disregard any peak due to an excipient or any peak less

than 0.03%.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Aminofluconazole quaternary salta 0.30–0.36 —b

Fluconazole isomerc 0.47–0.59 —b

Fluconazole diold 0.68–0.74 —b

Cyclohexanonee 0.77–0.83 —
Fluconazole 1.0 —
Largest unknown polar impurity — 0.1
Total unknown polar impurities — 0.5
Total unknown polar and nonpolar impurities (sum of results

from Procedure 1 and Procedure 2) — 1.0

a  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-
triazolium bromide.

b  Disregard these impurities in the calculation because these are process impurities that
are monitored in the drug substance.

c  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
d  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
e  Potential impurity associated with drug product packaged in bags. 

•  Procedure 3
Buffer:  0.63 g/L of ammonium formate in water
Mobile phase:  Acetonitrile and Buffer (14:86)
Standard solution:  2 mg/mL of USP Fluconazole RS in Buffer. [Note—Use approximately

14% of the total volume as acetonitrile, and sonicate if necessary to facilitate
dissolution.]

Sensitivity solution:  1 µg/mL of USP Fluconazole RS in Mobile phase from the Standard
solution

Sample solution:  Nominally 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium
chloride

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and Sensitivity solution

[Note—The retention time for fluconazole is between 12 and 14 min.]
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Suitability requirements 
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:   See Table 4.

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Bistriazole ketonea 0.13 0.2
Fluconazole isomerb 0.5 0.2
Fluconazole 1.0 —
Epoxyfluconazolec 2.6 0.2
Any other individual impurity — 0.2
Total impurities — 0.5

a  1,3-Bis(1H-1,2,4-triazol-1-yl)propan-2-one.
b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.

c  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.
•  Procedure 4

Buffer:  13.4 g/L of dibasic sodium phosphate heptahydrate in water. Adjust with
phosphoric acid to a pH of 7.0.

Mobile phase:  Acetonitrile and Buffer (26:74)
Standard solution:  2 mg/mL of USP Fluconazole RS in Mobile phase
Sample solution:  Nominally 2 mg/mL of fluconazole in 0.9% aqueous solution of sodium

chloride
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  0.5 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
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Suitability requirements 
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
CS= concentration of fluconazole in the Standard solution (mg/mL)
CU= nominal concentration of fluconazole in the Sample solution (mg/mL)
Acceptance criteria:   See Table 5.

Table 5

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Aminofluconazole quaternary salta 0.57 0.74 0.1
Fluconazole isomerb 0.68 0.93 0.1
Fluconazole diolc 0.91 1.3 0.1
Fluconazole 1.0 1.0 —
Fluconazole bromohydrined 2.58 1.1 0.1
Epoxyfluconazolee 2.59 0.90 0.1
Any other individual impurity — 1.0 0.1
Total impurities — — 0.5

a  4-Amino-1-(2-(2,4-difluorophenyl)-2-hydroxy-3-(1H-1,2,4-triazol-1-yl)propyl)-4H-1,2,4-
triazol-1-ium bromide.

b  2-(2,4-Difluorophenyl)-1-(1H-1,2,4-triazol-1-yl)-3-(4H-1,2,4-triazol-4-yl)propan-2-ol.
c  2-(2,4-Difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propane-1,2-diol.
d  1-Bromo-2-(2,4-difluorophenyl)-3-(1H-1,2,4-triazol-1-yl)propan-2-ol.
e  1-[2-(2,4-Difluorophenyl)-2,3-epoxypropyl]-1H-1-2,4-triazole.

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

•  Bacterial Endotoxins Test 85 : NMT 0.416 USP Endotoxin Unit/mg of fluconazole

•  Other Requirements: Meets the requirements in Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store at controlled room temperature.
•  Labeling: If a test for Organic Impurities other than Procedure 1 and Procedure 2 is used,

then the labeling states with which Organic Impurities test the article complies.

•  USP Reference Standards 11
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USP Endotoxin RS
USP Fluconazole RS 

BRIEFING

Levetiracetam Tablets, USP 36 page 4088. In PF 38(2) [Mar.–Apr. 2012], a proposal was
published to clarify Identification test A by including the maxima wavenumbers at which the
Sample and Standard preparations need to be compared. USP received comments indicating
that the bands at 1681 cm-1 and 1651 cm-1 shift due to excipient interactions. Hence, the
proposal is canceled and replaced with the following proposal in which the drug substance is
extracted from the Tablets prior to obtaining the IR spectra.

(SM4: R. Ravichandran.)
Correspondence Number—C96681

Comment deadline: May 31, 2013
Levetiracetam Tablets

DEFINITION

Levetiracetam Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
levetiracetam (C8H14N2O2).

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197K ,

197A
Standard solution:  1 mg/mL solution of USP Levetiracetam RS in solution prepared as
follows. Transfer a suitable quantity of USP Levetiracetam RS to a suitable volumetric
flask. Add 70% of the flask volume of acetone. Sonicate for 15 min. Dilute with acetone
to volume.
Standard:  Pass 10 mL of the Standard solution through a membrane filter of 0.45-µm

pore size. Evaporate acetone from the filtrate completely to form crystals. Scratch the
crystals. Weigh 2–4 mg of the residue and 200 mg of KBr in a mortar and pestle. Mix
and grind well, and prepare the KBr pellet.

Sample solution:  Transfer an amount of finely powdered Tablets (NLT 20) equivalent to
250 mg of levetiracetam to a 50-mL volumetric flask. Add 35 mL of acetone. Sonicate
for 15 min. Dilute with acetone to volume.

Sample:  Pass 10 mL of the Sample solution through a membrane filter of 0.45-µm pore
size. Evaporate acetone from the filtrate completely to form crystals. Scratch the
crystals. Weigh 2–4 mg of the residue and 200 mg of KBr in a mortar and pestle. Mix
and grind well, and prepare the KBr pellet.

Analysis:  Record the spectra of the Standard and Sample between 4000 cm-1 and 650
cm-1.

Acceptance criteria:  The spectrum of the Sample corresponds to that of the Standard.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the

1S (USP37)

1S (USP37)

1S (USP37)
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Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  1.4 g/L of monobasic potassium phosphate and 0.6 g/L of sodium 1-
heptanesulfonate, adjusted with phosphoric acid to a pH of 2.8

Mobile phase:  Acetonitrile and Buffer (8:92)
Diluent:  Acetonitrile and water (20:80)
Standard solution:  0.35 mg/mL of USP Levetiracetam RS in Diluent. Sonication may be

used to aid dissolution.
Sample solution:  Nominally 0.4 mg/mL of levetiracetam from NLT 20 Tablets, finely

crushed, in Diluent. Sonication may be used to aid dissolution.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 4-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levetiracetam (C8H14N2O2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
CU= nominal concentration of levetiracetam in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  See Table 1.

Table 1

Tablet Strength
(mg/Tablet)

Time
(min)
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250 15
500 15
750 15
1000 30

Buffer:  6.8 g/L of monobasic potassium phosphate, adjusted with dilute potassium
hydroxide to a pH of 5.6

Mobile phase:  Acetonitrile and Buffer (15:85)
Standard solution:  (L/1000) mg/mL in Medium, where L is the Tablet label claim, in mg
Sample solution:  Pass a portion of the solution under test though a suitable filter of

0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levetiracetam (C8H14N2O2) dissolved:

Result = (rU/rS) × (CS/L) × V × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances  

NLT 70% (Q) of the labeled amount of levetiracetam (C8H14N2O2) in 15 min for Tablets
labeled to contain 250, 500, or 750 mg; 
NLT 80% (Q) of the labeled amount of levetiracetam (C8H14N2O2) in 30 min for Tablets
labeled to contain 1000 mg.

Test 2:  If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium:  Water; 900 mL, deaerate, if necessary
Apparatus 2:  50 rpm
Time:  15 min
Buffer:   1.36 g/L of monobasic potassium phosphate, adjusted with 10% potassium

hydroxide to a pH of 5.0
Mobile phase:  Acetonitrile and Buffer (10:90)
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Standard solution:  54 µg/mL of USP Levetiracetam RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter.

Dilute an aliquot with Medium to obtain a concentration similar to that of the Standard
solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levetiracetam (C8H14N2O2) dissolved:

Result = (rU/rS) × (CS/L) × D × V × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
Tolerances:  NLT 80% (Q) of the labeled amount of levetiracetam (C8H14N2O2) is

dissolved.
Test 3:  If the product complies with this test, the labeling indicates that the product meets

USP Dissolution Test 3.
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Buffer, Mobile phase, Standard solution, Sample solution, Chromatographic

system, System suitability, and Analysis:  Proceed as directed for Test 1.
Tolerances:  NLT 80% (Q) of the labeled amount of levetiracetam (C8H14N2O2) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Buffer:  6.8 g/L of monobasic potassium phosphate and 0.85 g/L of sodium 1-
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heptanesulfonate, adjusted with phosphoric acid to a pH of 2.8
Mobile phase:  Acetonitrile and Buffer (5:95)
System suitability solution:  3.6 µg/mL of USP Levetiracetam RS and 3.6 µg/mL of USP

Levetiracetam Related Compound B RS in Mobile phase
Standard solution:  3.6 µg/mL of USP Levetiracetam RS in Mobile phase
Sample solution:  Equivalent to 1.2 mg/mL of levetiracetam from NLT 20 Tablets, finely

crushed, in Mobile phase. [Note—Sonicate if necessary, and centrifuge the solution before
passing through a suitable filter.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 200 nm
Column:  4.6-mm × 25-cm; 4-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between levetiracetam related compound B and levetiracetam,
System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 10.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of levetiracetam from the Standard solution
CS= concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
CU= nominal concentration of levetiracetam in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Levetiracetam related compound Ba 0.54 — —
Levetiracetam 1.0 — —

Levetiracetam related compound Aa,b 1.7 — —

Levetiracetam acidc 2.1 0.79 0.3
Any individual unspecified impurity
degradation product — 1.0 0.1

Total impurities — — 0.6
1S (USP37)
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a  These impurities are listed for information only; they are process impurities, which are
controlled in the drug substance.

b  (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide.
c  (S)-2-(2-Oxopyrrolidine-1-yl)butanoic acid.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

Change to read:

•  USP Reference Standards 11
USP Levetiracetam RS 
USP Levetiracetam Related Compound B RS  
(S)-2-Aminobutanamide hydrochloride. 

C4H10N2O·HCI      138.60

BRIEFING

Levofloxacin, USP 36 page 4099. The following revisions are proposed to update the
monograph:

1. A Peak identification solution is added to Organic Impurities, Procedure 1, and will be
used for peak identification of the newly available impurities, USP Levofloxacin
Related Compound D RS and USP R-Ofloxacin RS.

2. Use of the shortened name, d-isomer, is not appropriate because it is used only in
carbohydrates for historical reasons and refers to the configuration relative to
arbitrarily assigned isomers of glyceraldehyde. In Table 1 and in any other reference
to the d-isomer, the name is changed to R-ofloxacin.

3. Organic Impurities (Enantiomeric Purity), Procedure 3, which used ofloxacin (racemic)
and d-ofloxacin in the System suitability solution, now uses the USP R-Ofloxacin RS
as it is newly available.

4. In all of the tables and in the USP Reference Standards section of the monograph, it is
proposed to refer to N-desmethyl levofloxacin as levofloxacin related compound A
and to refer to levofloxacin N-oxide as levofloxacin related compound D. In addition,
the chemical names for levofloxacin related compound A and levofloxacin related
compound B are updated to reflect the newer naming convention.

5. In Organic Impurities, Procedure 2, because Levofloxacin stock solution is identical to
Solution C, it is proposed to delete Levofloxacin stock solution and replace it with
Solution C in the preparation of Levofloxacin standard solution.

6. The affected USP Reference Standards section names are changed on the basis of the
above updates.

The monograph was also reformatted to be consistent with the USP monograph redesign.

(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C124883

(ERR 1-May-2012)
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Comment deadline: May 31, 2013
Levofloxacin

Change to read:

C18H20FN3O4·½H2O       370.38 

7H-Pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid, 9-fluoro-2,3-dihydro-3-methyl-10-(4-
methyl-1-piperazinyl)-7-oxo-hydrate (2:1), (S)-;     

( )-(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de]-1,4-
[1,4]

benzoxazine-6-carboxylic acid, hemihydrate     [138199-71-0].
Anhydrous     [100986-85-41].

DEFINITION

Levofloxacin contains NLT 98.0% and NMT 102.0% of levofloxacin (C18H20FN3O4), calculated
on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  8.5 g/L of ammonium acetate, 1.25 g/L of cupric sulfate pentahydrate, and 1.3 g/L
of l-isoleucine

Mobile phase:  Methanol and Buffer (3:7)
Standard solution:  1 mg/mL of USP Levofloxacin RS in Mobile phase
Sample solution:  1 mg/mL of Levofloxacin in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 360 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  45
Flow rate:  0.8 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  0.5–1.5

1S (USP37)
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Relative standard deviation:  NMT 1.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of levofloxacin (C18H20FN3O4) in the portion of Levofloxacin
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of levofloxacin from the Sample solution
rS= peak response of levofloxacin from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU= concentration of Levofloxacin in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%. Use a platinum crucible.

Change to read:

•  Heavy Metals, Method II 231 : NMT 10 ppm
[Note—Procedure 1 is recommended if levofloxacin N-oxide
levofloxacin related compound D

is a potential organic impurity. Procedure 2 and Procedure 3 are recommended if levofloxacin
related compound B is a potential organic impurity.]

Change to read:
•  Organic Impurities, Procedure 1

Buffer, Mobile phase, Sample solution, and Chromatographic system:  Proceed as
directed in the Assay.

System suitability solution:  1 mg/mL of USP Levofloxacin RS in Mobile phase
Sensitivity solution:  0.3 µg/mL of USP Levofloxacin RS in Mobile phase

Peak identification solution:  0.1 mg/mL each of USP Levofloxacin Related Compound D
RS and USP R-Ofloxacin RS in Mobile phase

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 1.0%, System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Sample:  Sample solution

Calculate the percentage of each individual impurity in the portion of Levofloxacin taken:

Result = (rU/rS) × (1/F) × 100

rU= peak response of each impurity
rS= peak response of levofloxacin
F= relative response factor (see Table 1)
Acceptance criteria:  See Table 1.

Table 1

1S (USP37)

1S (USP37)
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Table 1

Name Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Levofloxacin related compound A
(N-Desmethyl levofloxacin)a 0.47 1.0 0.3
Diamine derivativeb 0.52 0.9 0.3
Levofloxacin related compound D

(Levofloxacin N-oxide)c 0.63 1.1 0.3
9-Desfluoro levofloxacind 0.73 1.0 0.3
Levofloxacin 1.0 — —
d-Isomer
R-Ofloxacin

e 1.23 1.0 0.8
Any unknown impurity — 1.0 0.1
Total impurities — — 0.5f

a  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.
(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.

b  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-[2-(methylamino)ethylamino]-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.

c  (S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]
[1,4]benzoxazine-10-yl)-1-methyl-piperazine-1-oxide.

d  (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.

e  (R)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid.

f  Do not include d-isomer
R-ofloxacin

in the calculation for total impurities.

Change to read:
•  Organic Impurities, Procedure 2
[Note—Solutions of levofloxacin are not stable in light; use amber bottles.]

Buffer:  Dissolve 3.08 g/L of ammonium acetate and 8.43 g/L of sodium perchlorate
monohydrate in water. Adjust with phosphoric acid to a pH of 2.2.

Solution A:  Acetonitrile and Buffer (16:84)
Solution B:  Acetonitrile, methanol, and Buffer (30:20:50)
Solution C:  0.4 mg/mL of USP Levofloxacin RS prepared by dissolving in about 8% of the

flask volume of acetonitrile, and diluting with water to volume
Solution D:  0.05 mg/mL of USP Levofloxacin Related Compound A RS in 0.2% ammonium

hydroxide in methanol
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

1S (USP37)

1S (USP37)
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1S (USP37)
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0 100 0
5 100 0
10 82 18
15 40 60
30 40 60

30.1 100 0
38 100 0

System suitability solution:  0.1 mg/mL of USP Levofloxacin RS and 5 µg/mL of USP
Levofloxacin Related Compound A RS in water from Solution C and Solution D

Levofloxacin stock solution:  0.4 mg/mL of USP Levofloxacin RS. Dissolve USP
Levofloxacin RS in acetonitrile at about 8% of final volume, sonicate, and dilute with
water to volume.

Levofloxacin standard solution:  0.02 mg/mL of USP Levofloxacin RS in acetonitrile and
water (1:10) from Levofloxacin stock solution
Levofloxacin standard solution:  0.02 mg/mL of USP Levofloxacin RS in acetonitrile and
water (1:10) from Solution C

Levofloxacin related compound B stock solution:  0.2 mg/mL USP Levofloxacin Related
Compound B RS in methanol. [Note—Sonicate if necessary.]

Levofloxacin related compound B standard solution:  0.04 mg/mL USP Levofloxacin
Related Compound B RS in methanol from Levofloxacin related compound B stock solution

Standard solution:  0.4 µg/mL of levofloxacin and 0.8 µg/mL of levofloxacin related
compound B in acetonitrile and water (1:10) from Levofloxacin standard solution and
Levofloxacin related compound B standard solution

Sample solution:  0.4 mg/mL prepared by dissolving the sample in about 8% of the flask
volume of acetonitrile, and diluting with water to volume. [Note—Sonicate if necessary.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  280 nm
Column:  4.0-mm × 15-cm; 3.0-µm packing L1

Column temperature:  38
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Relative standard deviation:  NMT 2.0% for levofloxacin
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of levofloxacin related compound B in the portion of Levofloxacin
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for levofloxacin related compound B from the Sample solution
rS= peak response for levofloxacin related compound B from the Standard solution

1S (USP37)
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CS= concentration of USP Levofloxacin Related Compound B RS in the Standard solution
(mg/mL)

CU= concentration of Levofloxacin in the Sample solution (mg/mL)

Calculate the percentage of any other impurities in the portion of Levofloxacin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other impurity from the Sample solution
rS= peak response of levofloxacin from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU= concentration of Levofloxacin in the Sample solution (mg/mL)
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Levofloxacin related compound A 
(N-Desmethyl levofloxacin)a 0.9 0.20

Levofloxacin 1.0 —
Levofloxacin related compound Bb 2.9 0.13
Any other impurity — 0.10
Total impurities — 0.50

a (S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4-
benzoxazine-6-carbocylic acid.

b (S)-9,10-Difluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4-benzoxazine-6-
carbocylic acid.

a  (S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.

b  (S)-9,10-Difluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-
carboxylic acid.

Change to read:
•  Organic Impurities (Enantiomeric Purity), Procedure 3

Buffer:  1.32 g/L of d-phenylalanine and 0.75 g/L of copper(II)sulfate pentahydrate
Mobile phase:  Methanol and Buffer (15:85)
System suitability solution:  0.01 mg/mL of USP Ofloxacin RS
USP R-Ofloxacin RS

and 0.01 mg/mL of USP Levofloxacin RS in water
Sample solution:  0.08 mg/mL in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  294 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  40
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Flow rate:  0.7 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution

[Note—The relative retention times for d-ofloxacin
R-ofloxacin

and levofloxacin are 0.91 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between d-ofloxacin (d-isomer)
R-ofloxacin

and levofloxacin
Analysis 

Sample:  Sample solution 
Calculate the percentage of d-ofloxacin
R-ofloxacin

in the portion of Levofloxacin taken:

Result = (rU/rT) × 100

rU= peak response for d-ofloxacin
R-ofloxacin

rT= sum of responses of all the peaks
Acceptance criteria:  NMT 1.0%

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Solvent:  Methanol
Sample solution:  5 mg/mL in Solvent

Acceptance criteria:  92  to 106 , at 20

•  Water Determination, Method Ia 921 : 2.0%–3.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at room

temperature.
•  Labeling: If a procedure for Organic Impurities other than Procedure 1 is used, then the

labeling states with which Organic Impurities procedure the article complies.

Change to read:

•  USP Reference Standards 11
USP Levofloxacin RS 
USP Levofloxacin Related Compound A RS 

(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4-
benzoxazine-6-carbocylic acid.

(S)-9-Fluoro-3-methyl-10-(piperazin-1-yl)-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.

     
C17H18FN3O4        347.34

USP Levofloxacin Related Compound B RS  
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(S)-9,10-Difluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4-benzoxazine-6-
carbocylic acid.

(S)-9,10-Difluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-
carboxylic acid.

     
C13H9F2NO4      281.21

USP Levofloxacin Related Compound D RS 
(S)-4-(6-Carboxy-9-fluoro-2,3-dihydro-3-methyl-7-oxo-7H-pyrido-[1,2,3-de]
[1,4]benzoxazine-10-yl)-1-methylpiperazine 1-oxide. 
C18H20FN3O5      377.37

USP Ofloxacin RS 
USP R-Ofloxacin RS 

(R)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine-6-carboxylic acid. 
C18H20FN3O4      361.37

BRIEFING

Methyldopa, USP 36 page 4314. As part of the USP monograph redesign and modernization
effort, it is proposed to make the following changes:

1. In the Definition, revise the acceptance criteria from NLT 98.0% and NMT 101.0% to
NLT 98.0% to NMT 102.0% to reflect the change in the Assay.

2. Replace Identification test B by wet chemistry with the retention time agreement based
on the Assay.

3. Delete Identification test C by wet chemistry. The remaining Identification tests are
sufficient to confirm the identity of the drug substance.

4. Replace the titration procedure in the Assay with an HPLC procedure based on the
proposed procedure for Organic Impurities. The proposed liquid chromatographic
procedure was validated using a Zorbax SB-C18 brand of L1 column. The typical
retention time for methyldopa is about 4 min.

5. Delete the TLC test for Limit of 3-O-Methylmethyldopa.
6. Add an HPLC procedure for Organic Impurities based on the current European

Pharmacopoeia monograph. The proposed liquid chromatographic procedure is based
on analysis performed using a Zorbax SB-C18 brand of L1 column. The typical
retention time for methyldopa is about 4 min.

7. Add two USP Reference Standards to the USP Reference Standards section to support
the proposed Organic Impurities procedure.

8. Add the chemical name, chemical formula, and molecular weight for USP 3-O-
Methylmethyldopa RS in the USP Reference Standards section.

(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C108299

Comment deadline: May 31, 2013
Methyldopa
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C10H13NO4·1½H2O       238.24 
C10H13NO4       211.22 

l-Tyrosine, 3-hydroxy- -methyl-, sesquihydrate;     
l-3-(3,4-Dihydroxyphenyl)-2-methylalanine sesquihydrate     [41372-08-1].
Anhydrous     [555-30-6].

DEFINITION

Change to read:

Methyldopa contains NLT 98.0% and NMT 101.0%
102.0%

of methyldopa (C10H13NO4), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Analytical wavelength: 280 nm
Sample solution: 40 µg/mL in 0.1 N hydrochloric acid
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by

more than 3.0%.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Delete the following:
•  C.

Sample: 10 mg
Analysis: To the Sample add 0.15 mL of a solution of ninhydrin in sulfuric acid (1 in 250): a

dark purple color is produced within 5–10 min. Add 0.15 mL of water.
Acceptance criteria: The color changes to pale brownish yellow.

ASSAY

Change to read:
•  Procedure

Sample solution:  200 mg of Methyldopa in 25 mL of glacial acetic acid, with the aid of
heat. Cool to room temperature, and add 0.1 mL of crystal violet TS and 50 mL of
acetonitrile.

Analysis:  Titrate with 0.1 N perchloric acid VS to a blue endpoint. Perform a blank

determination, and make any necessary correction (see Titrimetry 541 ). Each mL of
0.1 N perchloric acid is equivalent to 21.12 mg of methyldopa (C10H13NO4).

[
Note—Freshly prepare the Standard and Sample solutions prior to use.]

Buffer:  0.1 M monobasic sodium phosphate. Adjust with phosphoric acid to a pH of 3.0.
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Mobile phase:  Buffer and methanol (850:150)
Diluent:  0.1 N hydrochloric acid
Standard solution:  0.4 mg/mL of USP Methyldopa RS in Diluent
Sample solution:  0.4 mg/mL of Methyldopa in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  0.9–1.5
Relative standard deviation:  NMT 0.7%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methyldopa (C10H13NO4) in the portion of Methyldopa taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of methyldopa from the Sample solution
rS= peak response of methyldopa from the Standard solution
CS= concentration of USP Methyldopa RS in the Standard solution (mg/mL)
CU= concentration of Methyldopa in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–101.0%
102.0%

on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Delete the following:
•  Limit of 3-O-Methylmethyldopa

Standard solution: 100 µg/mL of USP 3-O-Methylmethyldopa RS in methanol
Sample solution: 10 mg/mL of Methyldopa in methanol
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (65:15:25).

[Note—Prepare this mixture fresh. ]
Adsorbent: Thin-layer chromatographic plate with a suitable grade of cellulose, 250-µm

thick, prewashed with the Developing solvent system. Wash the plate by placing it in a
tank containing the Developing solvent system, and allowing the solvent to rise to the
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top of the plate. Dry with the aid of a current of dry air.
Solution A: 3 mg/mL of p-nitroaniline in 10 N hydrochloric acid. [Note—Prepare fresh

solution, just before use. ]
Solution B: 50 mg/mL of sodium nitrite. [Note—Prepare fresh solution, just before use. ]
Spray reagent 1: Solution A and Solution B (9:1). [Note—Prepare fresh solution, just

before spraying. ]
Spray reagent 2: 250 mg/mL of sodium carbonate

Analysis 
Samples: Standard solution and Sample solution

Apply 20 µL of the Sample solution in two 10-µL increments and 10 µL of the Standard
solution so that the spots are NMT 0.5 cm in diameter. Develop using the Developing
solvent system until the solvent front has moved about 10 cm from the origin. Remove
the plate, and dry with a current of dry air until no odor of acetic acid is perceptible.
Place the plate in a vertical position, and evenly spray with Spray reagent 1 until the
adsorbent layer is uniformly soaked down to the glass (do not overspray). Place the plate
in a horizontal position, and dry as completely as possible with a current of warm dry air
(no odor of hydrochloric acid is perceptible). Place the plate in a vertical position, and
evenly spray with Spray reagent 2 until the plate is uniformly wet (do not overspray). The
major methyldopa spot is black on a pale pink or orange background at an RF value of
0.50, and the 3-O-methylmethyldopa spot is dark on a similar background at an RF value
of 0.65.

Acceptance criteria: The area and intensity of any 3-O-methylmethyldopa spot from the
Sample solution are NMT those from the Standard solution (0.5%).

Add the following:
•  Organic Impurities

[Note—Freshly prepare the Standard solution and Sample solutions prior to use.]
Buffer, Mobile phase, and Diluent:  Proceed as directed in the Assay.
Standard solution:  4 µg/mL of USP Methyldopa RS, 6 µg/mL each free base of USP 3-O-

Methylmethyldopa RS, USP Methyldopa Related Compound B RS, and USP Methyldopa
Related Compound C RS in Diluent

Sample solution:  4 mg/mL of Methyldopa in Diluent
Chromatographic system:  Proceed as directed in the Assay, except for the Run time.

Run time:  NLT 6 times the retention time of methyldopa
System suitability 

Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between methyldopa related compound B and methyldopa related
compound C

Relative standard deviation:  NMT 5% for methyldopa, 3-O-methylmethyldopa,
methyldopa related compound B, and methyldopa related compound C

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each specified impurity in the portion of Methyldopa taken:

Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of 3-O-methylmethyldopa, methyldopa related compound B, or
methyldopa related compound C from the Sample solution

rS= peak response of 3-O-methylmethyldopa, methyldopa related compound B, or
methyldopa related compound C from the Standard solution

CS= concentration of USP 3-O-Methylmethyldopa RS, USP Methyldopa Related Compound B
RS, or USP Methyldopa Related Compound C RS in the Standard solution as free base
(mg/mL)

CU= concentration of Methyldopa in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Methyldopa
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of methyldopa from the Standard solution
CS= concentration of USP Methyldopa RS in the Standard solution (mg/mL)
CU= concentration of Methyldopa in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Methyldopa 1.0 —
3-O-Methylmethyldopaa 1.9 0.15
Methyldopa related compound Bb 4.3 0.15
Methyldopa related compound Cc 4.9 0.15
Any other individual unidentified impurity — 0.05
Total impuritiesd — 0.5

a  (S)-2-Amino-3-(4-hydroxy-3-methoxyphenyl)-2-methylpropanoic acid.

b  (S)-2-Amino-3-(4-methoxyphenyl)-2-methylpropanoic acid.
c  (S)-2-Amino-3-(3,4-dimethoxyphenyl)-2-methylpropanoic acid.
d  Disregard any peaks below 0.03%.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  44 mg/mL in a solvent that is a solution of aluminum chloride in water (2

in 3) that previously has been treated with activated charcoal, filtered, and adjusted with
0.25 N sodium hydroxide to a pH of 1.5

Acceptance criteria:  25  to 28
•  Acidity

Sample solution:  Dissolve 1.0 g in carbon dioxide-free water with the aid of heat, and add
1 drop of methyl red TS.

Analysis:  Titrate with 0.10 N sodium hydroxide to a yellow endpoint.
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Acceptance criteria:  NMT 0.50 mL is required.

•  Water Determination, Method I 921 : 10.0%–13.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Methyldopa RS 
USP 3-O-Methylmethyldopa RS 
(S)-2-Amino-3-(4-hydroxy-3-methoxyphenyl)-2-methylpropanoic acid.

C11H15NO4      225.24
USP Methyldopa Related Compound B RS 

(S)-2-Amino-3-(4-methoxyphenyl)-2-methylpropanoic acid hydrochloride. 
C11H15NO3      245.70

USP Methyldopa Related Compound C RS 
(S)-2-Amino-3-(3,4-dimethoxyphenyl)-2-methylpropanoic acid hydrochloride. 
C12H17NO4      275.73

BRIEFING

Padimate O, USP 36 page 4668. As part of the USP monograph modernization effort, the
following revisions, based on a validated method of analysis, are proposed:

1. Introduce a HPLC Assay procedure to replace the existing titration procedure. The upper
limit of the acceptance criteria in the Definition is revised from 103.8% to 102.0%,
which is typical for chromatographic procedures. The new HPLC procedure in the
Assay is based on analyses performed with the Agilent Eclipse XDB C18 brand of L1
column. The typical retention time for padimate O is about 6.6 min.

2. The UV-based Identification test B is replaced with the HPLC retention time agreement
based on the Assay.

3. The test for Organic Impurities is revised to incorporate a calculation and to be
consistent with USP style. The Expert Committee notes that the existing procedure
for the test for Organic Impurities utilizes an obsolete packed-column gas
chromatographic procedure and does not include acceptance criteria for any
specified or unspecified impurities. A modern procedure for the test for Organic
Impurities is desired for this monograph. All interested parties are encouraged to
submit procedures and acceptance criteria for the modernization of this procedure.

(SM3: F. Mao, M. Puderbaugh.)
Correspondence Number—C63813

Comment deadline: May 31, 2013
Padimate O
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C17H27NO2       277.40 

Benzoic acid, 4-(dimethylamino)-, 2-ethylhexyl ester;     
2-Ethylhexyl p-(dimethylamino)benzoate     [21245-02-3].

DEFINITION

Change to read:

Padimate O contains NLT 97.0% and NMT 103.8%
NMT 102.0%

of padimate O (C17H27NO2).

IDENTIFICATION

•  A. Infrared Absorption 197F

Change to read:

•  B. Ultraviolet Absorption 197U
Analytical wavelength:  312 nm
Solutions:  5 µg/mL in alcohol
Acceptance criteria:  Absorptivities differ by NMT 4.0%.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Sample solution:  Dissolve about 500 mg of Padimate O in 75 mL of acetic anhydride.
Analysis:  Titrate with 0.1 N of perchloric acid VS, determining the endpoint

potentiometrically. Each mL of 0.1 N perchloric acid is equivalent to 27.74 mg of
C17H27NO2.

Acceptance criteria:  97.0%–103.8%
Mobile phase:  Methanol, water, and glacial acetic acid (850: 150: 0.5)
Standard solution:  0.1 mg/mL of USP Padimate O RS in methanol
Sample solution:  0.1 mg/mL of Padimate O in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 308 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of padimate O (C17H27NO2) in the portion of Padimate O
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Padimate O RS in the Standard solution (mg/mL)
CU= concentration of Padimate O in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0%

IMPURITIES

Change to read:
•  Organic Impurities

Sample solution:  10 mg/mL of Padimate O in chloroform
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  3-mm × 1.8-m stainless steel packed with 10% liquid phase G9 on support S1A
Carrier gas:  Helium
Column temperature:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

150 10 250 10
Injection volume:  2 µL
Acceptance criteria:  The response due to padimate O is NLT 98.0% of the sum of the

responses on the chromatogram, exclusive of the chloroform peak.
Analysis 
Sample:  Sample solution

Calculate the percentage of the total impurities in the portion of Padimate O taken:

Result = [(rT  rU)/rT] × 100

rT= sum of all peak responses from the Sample solution, exclusive of the chloroform peak
rU= peak response of padimate O from the Sample solution

Acceptance criteria 
Total impurities:  NMT 2.0%

SPECIFIC TESTS
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•  Specific Gravity 841 : 0.990–1.000

•  Refractive Index 831 : 1.5390–1.5430

•  Fats and Fixed Oils, Acid Value 401 : NMT 1.0

•  Fats and Fixed Oils, Saponification Value 401
Analysis:  Proceed as directed in the chapter, except to maintain reflux for 4 h.
Acceptance criteria:  195–215

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Padimate O RS 

BRIEFING

Perphenazine, USP 36 page 4748. It is proposed to modernize the monograph with the
following changes:

1. Replace the nonspecific Ordinary Impurities test by TLC with a liquid chromatographic
procedure based on European Pharmacopoeia, edition 7.5. This procedure uses a
Superspher RP Select B brand of the L7 packing column manufactured by Merck
KGaA. The typical time for the perphenazine peak is about 12 min.

2. Replace Identification test B, Ultraviolet Absorption 197U , in the monograph with the
retention time matching for perphenazine peak in the test for Organic Impurities.

3. Revise the Procedure in the Assay to be consistent with European Pharmacopoeia,
edition 7.5.

4. Delete the test for Melting Range or Temperature, because the monograph contains a
specific IR identification procedure and includes a selective HPLC procedure for
Organic Impurities.

5. Delete the test for Clarity and Color of Solution, because this test does not add any
value to ensure the quality of the drug substance.

6. Add USP Perphenazine Related Compound B RS to perform the System suitability test.
7. A diluted sample solution is added in the test for Organic Impurities to facilitate

Identification test B.
8. Include monograph format changes to reflect the current USP style guide.

(SM4: R. Ravichandran, D. Min.)
Correspondence Number—C117814

Comment deadline: May 31, 2013
Perphenazine

C21H26ClN3OS       403.97 

Piperazineethanol, 4-[3-(2-chloro-10H-phenothiazin-10-yl)propyl-];     
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4-[3-(2-Chlorophenothiazin-10-yl)propyl]-1-piperazineethanol     [58-39-9].

DEFINITION

Perphenazine contains NLT 98.0% and NMT 102.0% of perphenazine (C21H26ClN3OS),
calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  10 µg/mL in methanol
Acceptance criteria:  Absorptivities, calculated on the dried basis, do not differ by more

than 2.5%.
Analytical wavelength:  257 nm

The retention time of the major peak of the Diluted sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities.

ASSAY

Change to read:
•  Procedure

Sample solution:  400 mg of Perphenazine, previously dried and weighed, in 50 mL of
glacial acetic acid, warming slightly to effect solution. Cool to room temperature, add 10
mL of acetic anhydride, and allow to stand for 5 min.
Dissolve 0.150 g of Perphenazine in 25 mL of glacial acetic acid.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis 

Titrate with 0.1 N perchloric acid VS to a green endpoint, using 1 drop of crystal violet TS
as indicator.Perform a blank determination, and make any necessary correction. Each mL
of 0.1 N perchloric acid is equivalent to 20.20 mg of perphenazine

Sample:  Sample solution

Titrate the Sample solution with Titrant. Carry out a blank titration. Calculate the
percentage of perphenazine (C21H26ClN3OS) in the portion of Perphenazine taken:

Result = [(V  B) × N × F/W] × 100

V= Titrant volume consumed by the Sample (mL)
B= Titrant volume consumed by the blank (mL)
N= normality of the Titrant (meq/mL)
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F= equivalent weight of perphenazine, 202.0 mg/meq
W= Sample weight (mg)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:

•  Organic Impurities: Ordinary Impurities 466

Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them, by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.

Sample solution:  Acetone and methanol (3:1)
Standard solution:  Solutions of USP Perphenazine Sulfoxide RS in a mixture of acetone

and methanol (3:1), except that the solution having a concentration of 0.01 mg/mL is
replaced with a solution having a concentration of 0.02 mg/mL

Eluant:  Acetone and ammonium hydroxide (95:5)
Visualization:  1

Prepare the solutions immediately before use. Carry out the test protected from light.
Solution A:  Acetonitrile and 7 g/L of monobasic sodium phosphate dihydrate in water

(35:65)
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
5 100 0
10 80 20
33 30 70
48 100 0

System suitability solution:  2 mg/mL of USP Perphenazine RS, 0.002 mg/mL of USP
Perphenazine Sulfoxide RS, and 0.002 mg/mL of USP Perphenazine Related Compound B
RS in Solution A

Standard solution:  0.002 mg/mL of USP Perphenazine RS in Solution A
Sample solution:  2 mg/mL of Perphenazine in Solution A
Diluted sample solution:  0.002 mg/mL of perphenazine in Solution A from the Sample

solution
Chromatographic system  

( See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 245 nm
Column:  4.6-mm × 25-cm; 4-µm packing L7

Column temperature:  30
Flow rate:  1.3 mL/min
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Injection volume:  10 µL
System suitability 

Samples:  System suitability solution and Standard solution 
[Note—See Table 2 for relative retention times.]

Suitability requirements 
Resolution:  NLT 3.0 between perphenazine and perphenazine related compound B,

System suitability solution
Tailing factor:  NMT 2.5, Standard solution
Relative standard deviation:  NMT 10.0%, Standard solution

Analysis 
Samples:  Standard solution, Sample solution, and Diluted sample solution. [Note

—Diluted sample solution is used for Identification test B.]

Calculate the percentage of impurities in the portion of Perphenazine taken:

Result = (rU/rS)(CS/CU) × (1/F) × 100

rU= peak response for each impurity from the Sample solution
rS= peak response of perphenazine from the Standard solution
CS= concentration of USP Perphenazine RS in the Standard solution (mg/mL)
CU= concentration of Perphenazine in the Sample solution (mg/mL)
F= relative response factor (see Table 2.)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Perphenazine sulfoxide 0.3 1.6 0.2
Perphenazine related compound B 0.8 1.0 0.5
Perphenazine 1.0 — —
Any individual unspecified impurity — 1.0 0.10
Total impurities — — 1.0

SPECIFIC TESTS

Delete the following:
 

Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them, by conducting the procedures without delay, under subdued light, or using
low-actinic glassware.

Delete the following:
•  Clarity and Color of Solution 20 mg/mL in methanol

Acceptance criteria: The solution is clear and NMT light yellow.

Delete the following:

•  Melting Range or Temperature, Class I 741 : 94 –100  
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•  Loss on Drying 731 :

Analysis:  Dry a sample in a vacuum at 65  for 4 h.
Acceptance criteria:   NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Perphenazine RS 
USP Perphenazine Related Compound B RS 

2-{4-[3-(10H-Phenothiazin-10-yl)propyl]piperazin-1-yl}ethanol. 
C21H27N3OS      369.52

USP Perphenazine Sulfoxide RS 
2-Chloro-10-{3-[4-(2-hydroxyethyl)piperazin-1-yl]propyl}-10H-phenothiazine 5-
oxide.     
C21H26ClN3O2S      419.97

BRIEFING

Phenytoin, USP 36 page 4783. It is proposed to revise the monograph as follows:

1. Include Identification test B as an orthogonal identification procedure based on
retention time agreement to strengthen the monograph.

2. Delete the Sample stock solution from the Assay to allow sample preparation flexibility.
3. Combine the tests for Organic Impurities and Limit of Benzophenone because they have

identical chromatographic conditions. To accomplish this, it is necessary to revise
the Standard solution to include benzophenone.

4. Include a table of impurities with the appropriate relative retention times and the
corresponding limits. Introduce limits for each unspecified impurity based on ICH Q3A
guidelines. Revise the relative retention times so that they are relative to phenytoin.

5. Delete the test for Clarity and Color of Solution because the acceptance criteria are
subjective. The monograph contains sufficient tests to ensure the quality of the
article.

(SM4: R. Ravichandran.)
Correspondence Number—C126493

Comment deadline: May 31, 2013
Phenytoin
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C15H12N2O2       252.27 

2,4-Imidazolidinedione, 5,5-diphenyl-;     
5,5-Diphenylhydantoin     [57-41-0].

DEFINITION

Phenytoin contains NLT 98.0% and NMT 102.0% of phenytoin (C15H12N2O2), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of Sample solution corresponds to that of the

Standard solution as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol and water (55:45)
Standard solution:  0.1 mg/mL of USP Phenytoin RS in Mobile phase. [Note—Dissolve with

the aid of sonication if necessary.]
Sample stock solution:  1 mg/mL of Phenytoin in methanol

Sample solution:  0.1 mg/mL of Phenytoin in Mobile phase. [Note—Dissolve with the aid
of sonication if necessary.]

System suitability solution:  0.15 mg/mL of benzoin and 0.09 mg/mL of phenytoin from
Standard solution in Mobile phase
0.15 mg/mL of benzoin in Standard solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for phenytoin and benzoin are 0.75 and 1.0,

respectively
are given in Table 1.]

Suitability requirements 
Resolution:  NLT 1.5 between benzoin and phenytoin, System suitability solution
Tailing factor:  NMT 1.5 for phenytoin, System suitability solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of phenytoin (C15H12N2O2) in the portion of Phenytoin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Mobile phase and Chromatographic system:  Proceed as directed in the Assay.
System suitability solution:  1 mg/mL of USP Phenytoin RS and 0.01 mg/mL of benzoin in

methanol
Standard solution:  0.01 mg/mL of USP Phenytoin RS
and 0.001 mg/mL of benzophenone

in methanol
Sample solution:  1 mg/mL of Phenytoin in methanol
System suitability 

Samples:  System suitability solution and
Standard solution

[Note—The relative retention times are given in Table 1.]
Suitability requirements 

Resolution:  NLT 1.5, between phenytoin and benzoin, System suitability solution
Relative standard deviation:  NMT 5.0 % for benzophenone from three injections,
Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Phenytoin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area for each impurity
rS= peak area of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of Phenytoin in the Sample solution (mg/mL)

Calculate the percentage of benzophenone in the portion of Phenytoin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of benzophenone from the Sample solution
rS= peak area of benzophenone from the Standard solution
CS= concentration of benzophenone in the Standard solution (mg/mL)
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CU= concentration of Phenytoin in the Sample solution (mg/mL)

Acceptance criteria:  
See Table 1. Disregard any impurity less than 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Phenytoin 1.0 —
Benzoina 1.33 —

Benzophenone 4.0 0.1
Any individual unspecified impurity — 0.10
Total impuritiesb — 0.9

a  Included for system suitability purposes only. Not a process impurity or degradation
product.
b  Excluding benzophenone.

Delete the following:
•  Limit of benzophenone

Mobile phase and Chromatographic System: Prepare as directed in the Assay
Standard solution: 0.001mg/mL of benzophenone in methanol
Sample solution: 1 mg/mL of Phenytoin in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.) 
Use the same system as directed in the test for Procedure 1.

System suitability 
Sample: Standard solution
[Note—The relative retention times for phenytoin and benzopenone are 0.25 and 1.0,

respectively ]
Suitability requirements 

Relative standard deviation: NMT 5.0% from three injections
Analysis 

Samples: Standard solution and Sample solution 
Calculate the percentage of benzophenone in the portion of Phenytoin (C15H12N2O2)
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= benzophenone peak area from the Sample solution
rS= benzophenone peak area from the Standard solution
CS= concentration of benzophenone in the Standard solution (mg/mL)
CU= concentration of Phenytoin in the Sample solution (mg/mL)

Acceptance criteria: NMT 0.1%
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SPECIFIC TESTS

Delete the following:
•  Clarity and Color of Solution

Sample solution: Dissolve 1 g in a mixture of 5 mL of 1 N sodium hydroxide and 20 mL of
water.

Acceptance criteria: The solution is clear and not darker than pale yellow.

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 4 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Phenytoin RS 

BRIEFING

Phenytoin Oral Suspension, USP 36 page 4786. It is proposed to revise the monograph as
follows:

1. Replace Identification test A, which uses melting range for identification, with a more
specific identification by FTIR spectroscopy.

2. Replace Identification test B, which is a visual colorimetric test, with a retention time
agreement based on the Assay.

3. Revise the Dissolution test to include a formula for calculation of the percentage of
phenytoin dissolved. Convert the note regarding density determination to required
text in the Sample solution.

4. Include storage conditions to be consistent with the approved package insert.

(SM4: R. Ravichandran.)
Correspondence Number—C126494

Comment deadline: May 31, 2013
Phenytoin Oral Suspension

DEFINITION

Phenytoin Oral Suspension is Phenytoin suspended in a suitable medium. It contains NLT 95.0%
and NMT 105.0% of the labeled amount of phenytoin (C15H12N2O2).

IDENTIFICATION

Delete the following:

•  A. Melting Range or Temperature, Class I 741
Sample: Shake a volume of Oral Suspension, equivalent to 100 mg of phenytoin, with 50 mL

of a mixture of ether and chloroform (1 in 2) in a separator, evaporate the extract to

dryness, and dry in vacuum at 105  for 4 h.

Acceptance criteria: The phenytoin so obtained melts at 292 –299  with some
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decomposition.

Add the following:

•  A. Infrared Absorption 197K
Sample:  Shake a volume of Oral Suspension, equivalent to 100 mg of phenytoin, with 50

mL of a mixture of ether and chloroform (1 in 2) in a separator, evaporate the extract to

dryness, and dry in vacuum at 105  for 4 h. Weigh 2–4 mg of the residue and 200 mg of
KBr in a mortar and pestle, mix and grind well, and prepare the KBr pellet.

Acceptance criteria:  Meets the requirements

Delete the following:
•  B. Procedure

Sample solution: 1 mg/mL of residue obtained in Identification test A in chloroform, with
slight warming if necessary

Analysis: To 5 mL of the Sample solution add 0.2 mL of a freshly prepared solution of
cobaltous acetate in methanol (1 in 100) and 1 mL of a freshly prepared solution of
isopropylamine in methanol (1 in 20), and mix.

Acceptance criteria: A violet to red-violet color is produced.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Solution A:  0.5% (v/V) triethylamine in water
Solution B:  10% (v/V) glacial acetic acid in water
Mobile phase:  Methanol, acetonitrile, water, Solution A, and Solution B (100:40:191:1.3:1)
(300:120:573:4:3)

Standard solution:  0.625 mg/mL of USP Phenytoin RS prepared as follows. Transfer a
suitable weighed quantity of USP Phenytoin RS to a suitable volumetric flask. Dissolve in a
minimum amount of methanol, and dilute with Mobile phase to volume.

Sample solution:  Nominally 0.625 mg of phenytoin in Mobile phase prepared as follows.
Transfer a suitable volume of Oral Suspension containing NLT 125 mg of phenytoin to a
suitable volumetric flask. Add 25% of the flask volume, in mL, of Mobile phase. Dilute with
methanol to volume, mix, sonicate, and filter.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 229 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
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Relative standard deviation:  NMT 2.0% for phenytoin
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin (C15H12N2O2) in the portion
of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of phenytoin in the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Tris buffer:  Dissolve 6.05 g of tris(hydroxymethyl)aminomethane and 10 g of sodium lauryl

sulfate in 1 L of water, adjust with hydrochloric acid to a pH of 7.5, ±0.05,

and degas.
Medium:  Tris buffer; 900 mL
Apparatus 2:  35 rpm
Time:  60 min
Buffer:  2.76 g/L of monobasic sodium phosphate in water
Mobile phase:  Methanol, acetonitrile, and Buffer (27:23:50). Adjust with phosphoric acid

to a pH of 3.0.
Standard solution:  0.14 mg/mL of USP Phenytoin RS prepared as follows. Transfer a

suitable amount of USP Phenytoin RS to a suitable volumetric flask. Dissolve in 3% of the
flask volume of methanol. Dilute with Medium to volume.

Sample solution:  Shake the sample suspension well (100 shakes).
Determine the density d (g/mL) of the Oral Suspension using appropriate means.

Using a 5-mL syringe, collect approximately 5 mL of suspension, and record the weight. With
the paddles lowered, gently empty the contents of each syringe into the bottom of each
vessel containing the Medium. Start rotating the paddles. Reweigh each syringe, and
determine the amount W (g) of suspension delivered into each vessel. At the end of 60
min, remove 4 mL from each vessel, and pass through a nylon filter of 0.45-µm pore size,
presaturated with Medium. [Note—Dilute with Medium if necessary to a concentration
that is similar to the Standard solution.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL
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System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5400 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for phenytoin

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin (C15H12N2O2) dissolved:
[Note—The density of Oral Suspension must be determined and used in calculating the

quantity, in mg, of phenytoin dissolved.]

Result = (rU/rS) × CS × V × D × (d/W) × (1/L) 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution
V= volume of Medium, 900 mL
D= dilution factor (necessary only if the Sample solution requires dilution)
d= density of the Oral Suspension (g/mL)
W= weight of the Oral Suspension delivered (g)
L= label claim of the Oral Suspension (mg/mL)

Tolerances:  NLT 80% (Q) of the labeled amount of phenytoin (C15H12N2O2) is dissolved.

•  Uniformity of Dosage Units 905 : Meets the requirements for oral suspension packaged
in single-unit containers

•  Deliverable Volume 698 : Meets the requirements for oral suspension packaged in
multiple-unit containers

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

Avoid freezing.
•  Labeling: The label bears a statement that the patient must use an accurately calibrated

measuring device with multiple-dose containers.

•  USP Reference Standards 11
USP Phenytoin RS 

BRIEFING

Phenytoin Chewable Tablets, USP 36 page 4785. It is proposed to include the storage
conditions to be consistent with an approved package insert. In addition, the Dissolution
section has been revised to include a calculation formula. Minor changes have been made to
be consistent with the current USP style guide.

(SM4: R. Ravichandran.)
Correspondence Number—C126495
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Comment deadline: May 31, 2013
Phenytoin Chewable Tablets

Former title—Phenytoin Tablets

DEFINITION

Phenytoin Chewable Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
phenytoin (C15H12N2O2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  Triethylamine and water (1:99)
Mobile phase:  Methanol, acetonitrile, water, Solution A, and acetic acid (270:230:500:5:1)
Standard solution:  0.5 mg/mL of USP Phenytoin RS in Mobile phase
Sample solution:  Nominally 0.5 mg/mL of phenytoin from NLT 20 finely powdered Tablets in

Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 6500 theoretical plates
Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin (C15H12N2O2) in the portion
of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%
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PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Buffer:  Dissolve 60.5 g of tris(hydroxymethyl)aminomethane in 6 L of water. Dilute with

water to 10 L, and adjust with phosphoric acid to a pH of 9.0 ± 0.05. Dissolve 100 g of
sodium lauryl sulfate in 6 L of the prepared buffer, transfer this solution to the remaining
buffer solution, and mix.

Medium:  Buffer; 900 mL
Apparatus 2:  100 rpm
Time:  120 min
Solution A, Mobile phase, and Chromatographic system:  Proceed as directed in the

Assay.
Standard stock solution:  3.0 mg/mL of USP Phenytoin RS in methanol
Standard solution:  0.012 mg/mL of USP Phenytoin RS prepared as follows. Transfer a

suitable volume of Standard stock solution to a suitable volumetric flask, and dilute with
Medium to volume to obtain an intermediate concentration of 0.06 mg/mL of USP
Phenytoin RS. Transfer a suitable volume of the resulting solution to a suitable volumetric
flask, and dilute with Mobile phase to volume.

Sample solution:  Withdraw a portion of the solution under test and filter, discarding the
first 3 mL of the filtrate. Pipet 10.0 mL of this solution into a 50-mL volumetric flask, dilute
with Mobile phase to volume, and mix.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin (C15H12N2O2) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 70% (Q) of the labeled amount of phenytoin (C15H12N2O2) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from moisture.

•  Labeling: Label the Tablets to indicate that they are to be chewed.

•  USP Reference Standards 11
USP Phenytoin RS 

BRIEFING

Phenytoin Sodium: USP 36 page 4786. It is proposed to revise the monograph as follows:
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1. Delete the extraction step in the Identification section, and introduce USP Phenytoin
Sodium RS as the required USP Reference Standard. Also, introduce the reference to

the general test chapter Infrared Absorption—General 197 .
2. Revise Identification test B. The flame test is removed because of its subjectivity.
3. Add Identification test C as an orthogonal identification procedure based on retention

time match to strengthen the monograph.
4. Add individual, unspecified impurity specification and calculation in the test for Organic

Impurities to be consistent with ICH impurity specification guidelines.
5. Relative retention times for specified impurities are added to the test for Organic

Impurities.
6. Delete the test for Clarity and Color of Solution because the acceptance criterion is

subjective. The monograph contains sufficient tests to ensure the quality of the
article.

7. Include monograph format changes to reflect the current USP style guide.

(SM4: R. Ravichandran, D.Min.)
Correspondence Number—C126524

Comment deadline: May 31, 2013
Phenytoin Sodium
C15H11N2NaO2       274.25 

2,4-Imidazolidinedione, 5,5-diphenyl-, monosodium salt;     
5,5-Diphenylhydantoin sodium salt     [630-93-3].

DEFINITION

Phenytoin Sodium contains NLT 98.0% and NMT 102.0% of phenytoin (C15H11N2NaO2),
calculated on the dried basis.

IDENTIFICATION

Delete the following:
•  A. Procedure

Sample: Dissolve 300 mg of Phenytoin Sodium in 50 mL of water in a separator. Add 10 mL
of 3 N hydrochloric acid, and extract with three successive portions, measuring 100, 60,
and 30 mL, respectively, of a 1-in-2 mixture of ether and chloroform. Evaporate the

combined extracts, and dry the residue of phenytoin at 105  for 4 h.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of

the residue exhibits maxima only at the same wavelengths as that of a similar
preparation of USP Phenytoin RS.

Add the following:

•  A. Infrared Absorption—General 197K  

Change to read:

•  B. Identification Tests—General, Sodium 191 : It meets the requirements of the flame
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test
test for sodium.

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Buffer:  0.05 M monobasic ammonium phosphate buffer, adjusted with phosphoric acid to a
pH of 2.5

Mobile phase:  Acetonitrile, methanol, and Buffer (35:20:45)
System suitability solution:  0.01 mg/mL of USP Phenytoin RS and 0.15 mg/mL of benzoin

in Mobile phase
Standard solution:  0.05 mg/mL of USP Phenytoin RS in Mobile phase
Sample solution:  0.05 mg/mL of Phenytoin Sodium in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for phenytoin and benzoin are 1.0 and 1.3,

respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between phenytoin and benzoin, System suitability solution
Column efficiency:  NLT 9400 theoretical plates for the phenytoin peak, Standard

solution
Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of phenytoin sodium (C15H11N2NaO2) in the portion of Phenytoin
Sodium taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27
Acceptance criteria:  98.0%–102.0% on the dried basis
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IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Mobile phase, System suitability solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard solution:  0.5 µg/mL of benzophenone, 1 µg/mL of USP Phenytoin RS, 9 µg/mL of
USP Phenytoin Related Compound A RS, and 9 µg/mL of USP Phenytoin Related Compound
B RS in Mobile phase

Sample solution:  1 mg/mL of Phenytoin Sodium in Mobile phase
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 5.0% for each compound
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of phenytoin related compound A, phenytoin related compound
B, and benzophenone in the portion of Phenytoin Sodium taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of phenytoin related compound A or phenytoin related compound B, or
benzophenone from the Sample solution

rS= peak response of phenytoin related compound A or phenytoin related compound B, or
benzophenone from the Standard solution

CS= concentration of the corresponding analyte in the Standard solution (µg/mL)
CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)

Calculate the percentage of any unspecified impurity in the portion of Phenytoin Sodium
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (µg/mL)
CU= concentration of Phenytoin Sodium in the Sample solution (µg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,

NMT (%, w/w)

Phenytoin related compound A 0.5 0.9
Phenytoin related compound B 0.6 0.9
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Phenytoin 1.0 —
Benzophenone 2.9 0.1
Any individual, unspecified impurity — 0.10

Total impuritiesa — 0.9

a  Excluding benzophenone.

SPECIFIC TESTS

Delete the following:
•  Clarity and Color of Solution

Sample solution: 50 mg/mL in carbon dioxide-free water
Analysis: Add 0.10 N sodium hydroxide to the Sample solution until the hydrolyzed

phenytoin is dissolved.
Acceptance criteria: For 20 mL of the Sample solution, NMT 4.0 mL of the 0.10 N sodium

hydroxide is required to produce a clear, colorless solution.

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 4 h.
Acceptance criteria:  NMT 2.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Phenytoin RS 
USP Phenytoin Related Compound A RS  

Diphenylglycine.     
C14H13NO2      227.26

USP Phenytoin Related Compound B RS  
Diphenylhydantoic acid.     
C15H14N2O3      270.29

USP Phenytoin Sodium RS  

BRIEFING

Extended Phenytoin Sodium Capsules, USP 36 page 4787. It is proposed to revise the
monographs as follows:

1. Introduce the reference to the general test chapter Infrared Absorption—General 197

 and revise the Acceptance criteria statement in Identification test A.
2. Delete Identification test B. The counter-ion identification tests use of the flame test is

subjective. Because the drug substance monograph test includes an identification
test for the counter ion, it is not necessary to have the counter-ion identification in
the dosage form monograph.

3. Introduce a second identification test (Identification test B) based on retention time
agreement from the Assay to strengthen the monograph.

4. Revise the test for Uniformity of Dosage Units to allow the flexibility of UDU testing by
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weight variation or by HPLC.
5. Add individual, unspecified degradation product specification and calculation in the test

for Organic Impurities to be consistent with ICH degradation products specification
guidelines.

6. Include monograph format changes to reflect the current USP style guide.

(SM4: R. Ravichandran, D.Min.)
Correspondence Number—C126491

Comment deadline: May 31, 2013
Extended Phenytoin Sodium Capsules

DEFINITION

Extended Phenytoin Sodium Capsules contain NLT 95.0% and NMT 105.0% of the labeled
amount of phenytoin sodium (C15H11N2NaO2).

IDENTIFICATION

Change to read:
•  A.

Infrared Absorption—General 197
Sample:  6 mg/mL of phenytoin sodium in water from a suitable number of Capsules

prepared as follows. Nominally transfer 300 mg of the powder into 50 mL of water in a
separator. Add 10 mL of 3 N hydrochloric acid, and extract with three successive portions,
measuring 100, 60, and 30 mL, respectively, of ether and chloroform (1:2). Evaporate the

combined extracts, and dry the residue of phenytoin at 105  for 4 h.
Acceptance criteria:  The IR absorption spectrum of a potassium bromide dispersion of the

residue exhibits maxima only at the same wavelengths as that of a similar preparation of
USP Phenytoin RS.
The spectrum of the Sample corresponds to that of a similarly prepared USP Phenytoin RS.

Change to read:
•  B. The contents of Capsules meet the requirements of the flame test.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  0.05 M monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
3.5.

Mobile phase:  Methanol and Buffer (55:45)
Standard solution:  0.6 mg/mL of USP Phenytoin RS in Mobile phase. [Note—Dissolve the

required quantity of phenytoin in a small amount of methanol before diluting with Mobile
phase.]

Sample stock solution:  Transfer the contents of 10 Capsules to a 250-mL volumetric
flask. Add 150 mL of methanol, and sonicate for 20 min. Cool to room temperature, and
dilute with methanol to volume.
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Sample solution:  Nominally 0.6 mg/mL of phenytoin from the Sample stock solution in
Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 229 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 3000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2 ) in
the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of phenytoin from the Sample solution
rS= peak response of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of phenytoin in the Sample solution (mg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  Water; 900 mL
Apparatus 1:  50 rpm
Times:  30, 60, and 120 min
Mobile phase:  Methanol and water (70:30)
Standard solution:  Dissolve USP Phenytoin RS in methanol, and dilute with water to

obtain a concentration similar to that of the Sample solution.
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 229 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1 mL/min
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Injection volume:  10 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 3200 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2)
dissolved:

Result = (rU/rS) × CS × (Mr1/Mr2) × V × (100/L)

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27
V = volume of Medium, 900 mL
L = label claim (mg/Capsule)
Tolerances (for products labeled as 30-mg Capsules)  

The percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2) dissolved is
NMT 40% (Q) in 30 min, 56% (Q¢) in 60 min, and NLT 65% (Q¢¢) in 120 min. The
requirements are met if the quantities dissolved from the Capsules tested conform to
Table 1.

Table 1

Stage
Number

Tested Acceptance Criteria

S1 6

Each unit is within the range between Q  15% and Q  5%, is

within the range Q¢ ± 10%, and is NLT Q¢¢ + 5% at the stated
Times.

S2 6

Average of 12 units (S1
 + S2

) is within the range between Q  10%

and Q, is within the range Q¢ ± 8%, and is NLT Q¢¢; no unit is
outside the range between Q  20% and Q + 10%, no unit is

outside the range Q¢ ± 18%, and no unit is less than Q¢¢  10% at

the stated Times.

S3 12

Average of 24 units (S1
 + S2

 + S3
) is within the range between Q 

10% and Q, is within the range Q¢ ± 8%, and is NLT Q¢¢; NMT 2
units are outside the range between Q  20% and Q + 10%, and

no unit is outside the range Q  30% and Q + 20%; NMT 2 units

are outside the range Q¢ ± 18%, and no unit is outside the range

Q¢ ± 25%; NMT 2 units are less than Q¢¢  10%, and no unit is

less than Q¢¢  20% at the stated Times.
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Tolerances (for products labeled as 100-mg Capsules)  
The percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2) dissolved is
NMT 45% (Q) in 30 min, 60% (Q¢) in 60 min, and NLT 70% (Q¢¢) in 120 min. The
requirements are met if the quantities dissolved from the Capsules tested conform to
Table 2.

Table 2

Stage
Number

Tested Acceptance Criteria

S1 6

Each unit is within the range between Q  25% and Q  5%, is

equal to Q¢ ± 20%, and is NLT Q¢¢ + 5% at the stated Times.

S2 6

Average of 12 units (S1
 + S2

) is within the range between Q  20%

and Q, is within the range Q¢ ± 15%, and is NLT Q¢¢; no unit is
outside the range between Q  30% and Q + 10%, no unit is

outside the range Q¢ ± 25%, and no unit is less than Q¢¢  10% at

the stated Times.

S3 12

Average of 24 units (S1
 + S2

 + S3
) is within the range between Q 

20% and Q, is within the range Q¢ ± 15%, and is NLT Q¢¢; NMT 2
units are outside the range between Q  30% and Q + 10%, and

no unit is outside the range between Q  40% and Q + 20%; NMT

2 units are outside the range Q¢ ± 25%, and no unit is outside the
range Q¢ ± 35%; NMT 2 units are less than Q¢¢  10%, and no unit

is less than Q¢¢  20% at the stated Times.

Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2. 
Proceed as directed in Test 1, except use Apparatus 1 at 75 rpm and the following
Tolerances.
Tolerances (for products labeled as 100-mg Capsules)  

The percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2) dissolved is
NMT 45% (Q) in 30 min, 65% (Q¢) in 60 min, and NLT 70% (Q¢¢) in 120 min. The
requirements are met if the quantities dissolved from the Capsules tested conform to
Table 3.

Table 3

Stage
Number

Tested Acceptance Criteria

S1 6

Each unit is within the range between Q  25% and Q  5%, is

equal to Q¢ ± 20%, and is NLT Q¢¢ + 5% at the stated Times.

S2 6

Average of 12 units (S1
 + S2

) is within the range between Q  25%

and Q  5%, is within the range of Q¢  20% and Q¢ + 10%, and

is NLT Q¢¢; no unit is outside the range between Q  30% and Q +

5%, no unit is outside the range Q¢  25% and Q¢ + 20%, and no

unit is less than Q¢¢ 10% at the stated Times.
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S3 12

Average of 24 units (S1
 + S2

 + S3
) is within the range between Q 

25% and Q  5%, is within the range of Q¢  20% and Q¢ + 10%,

and is NLT Q¢¢; NMT 2 units are outside the range between Q 

30% and Q + 5%; and no unit is outside the range of Q  40%

and Q + 15%; NMT 2 units are outside the range Q¢  25% and Q¢
+ 20%, and no unit is outside the range Q¢  35% and Q¢ + 25%;

NMT 2 units are less than Q¢¢  10%; and no unit is less than Q¢¢
 20% at the stated Times.

Test 3:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 3.
Medium:  Water; 900 mL
Apparatus 1:  75 rpm
Times:  30, 60, and 120 min 

Determine the amount of phenytoin sodium (C15H11N2NaO2) dissolved by using the
method described in Test 1.

Tolerances (for products labeled as 200- and 300-mg Capsules)  
The percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2) dissolved is
NMT 30% (Q) in 30 min, 50% (Q¢) in 60 min, and NLT 60% (Q¢¢) in 120 min. The
requirements are met if the quantities dissolved from the Capsules tested conform to
Table 4.

Table 4

Stage
Number

Tested Acceptance Criteria

S1 6

Each unit is within the range between Q  20% and Q + 5%, is

equal to Q¢ – 20% and Q¢ + 25%, and is NLT Q¢¢ + 5% at the
stated Times.

S2 6

Average of 12 units (S1
 + S2

) is within the range between Q  20%

and Q, is within the range of Q¢ ± 20%, and is NLT Q¢¢; no unit is
outside the range between Q  25% and Q + 10%, no unit is

outside the range Q¢ ± 25%, and no unit is less than Q¢¢  10% at

the stated Times.

S3 12

Average of 24 units (S1
 + S2

 + S3
) is within the range between Q 

20% and Q, is within the range of Q¢ ± 20%, and is NLT Q¢¢; NMT
2 units are outside the range between Q  25% and Q + 10%,

and no unit is outside the range Q  25% and Q + 15%; NMT 2

units are outside the range Q¢ ± 25%; and no unit is outside the
range Q¢ ± 30%; NMT 2 units are less than Q¢¢  10%; and no unit

is less than Q¢¢  20% at the stated Times.

Test 4:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 4.
Medium, Apparatus 1, Times, and Analysis:  Proceed as directed for Test 1.
Tolerances (for products labeled as 30-mg Capsules):  The percentage of the labeled

amount of phenytoin sodium (C15H11N2NaO2) dissolved is NMT 40% (Q) in 30 min, 56%
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(Q¢) in 60 min, and NLT 65% (Q¢¢) in 120 min. The requirements are met if the quantities
dissolved from the Capsules tested conform to Table 5.

Table 5

Stage
Number

Tested Acceptance Criteria

S1 6

Each unit is within the range between Q  10% and Q, is within the

range Q¢  9% and Q¢ + 7%, and is NLT Q¢¢ + 5% at the stated

Times.

S2 6

Average of 12 units (S1
 + S2

) is within the range between Q  8%

and Q + 2%, is within the range Q¢  9% and Q¢ + 7%, and is NLT

Q¢¢; no unit is outside the range between Q  20% and Q + 10%,

no unit is outside the range Q¢  19% and Q¢ + 17%, and no unit

is less than Q¢¢  10% at the stated Times.

S3 12

Average of 24 units (S1
 + S2

 + S3
) is within the range between Q 

8% and Q + 2%, is within the range Q¢  9% and Q¢ + 7%, and is

NLT Q¢¢; NMT 2 units are outside the range between Q  20% and

Q + 10%, and no unit is outside the range Q  30% and Q + 20%;

NMT 2 units are outside the range Q¢  19% and Q¢ + 17%, and

no unit is outside the range Q¢  26% and Q¢ + 24%; NMT 2 units

are less than Q¢¢  10%, and no unit is less than Q¢¢  20% at the

stated Times.

Change to read:

•  Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity 

Buffer, Mobile phase, Chromatographic system, System suitability, and Analysis:
 Proceed as directed in the Assay.

Standard solution:  Dissolve USP Phenytoin RS in methanol, and dilute with Mobile phase
to obtain a concentration of 0.5 mg/mL.

Sample solution:  Place one intact Capsule or one opened Capsule with its contents in a
suitable container, add approximately 15 mL of methanol, and place in a shaking water

bath at 37  for 30 min. Sonicate for 60 min with occasional shaking. Dilute with
methanol to volume. Dilute with Mobile phase, if necessary, to obtain a final
concentration of 0.5 mg/mL.

IMPURITIES

Change to read:
•  Organic Impurities

Buffer, Mobile phase, Sample solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard solution:  600 µg/mL of USP Phenytoin RS, 3 µg/mL of USP Phenytoin Related
Compound A RS, and 3 µg/mL of USP Phenytoin Related Compound B RS in methanol

1S (USP37)
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System suitability 
Sample:  Standard solution
[Note—The relative retention times for phenytoin related compound A, phenytoin related

compound B, and phenytoin are 0.38, 0.45, and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 8 between phenytoin related compound B and phenytoin; NLT 1.5
between phenytoin related compound A and phenytoin related compound B

Tailing factor:  NMT 2.0 for the phenytoin peak
Relative standard deviation:  NMT 2.0% for phenytoin; NMT 5.0% for phenytoin

related compound A or phenytoin related compound B
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each phenytoin related compound in the portion of Capsules
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of phenytoin related compound A or phenytoin related compound B from
the Sample solution

rS= peak response of phenytoin related compound A or phenytoin related compound B from
the Standard solution

CS= concentration of the corresponding analyte in the Standard solution (µg/mL)
CU= nominal concentration of phenytoin in the Sample solution (µg/mL)

Calculate the percentage of any individual unspecified degradation product in the portion
of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each unspecified degradation product from the Sample solution
rS= peak response of phenytoin from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (µg/mL)
CU= nominal concentration of phenytoin in the Sample solution (µg/mL)

Acceptance criteria:  See Table 6.

Table 6

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Phenytoin related compound A 0.38 0.5
Phenytoin related compound B 0.45 1.0
Phenytoin 1.0 —
Any individual, unspecified degradation product — 0.2

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Protect from moisture.

Store at controlled room temperature.
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•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Phenytoin RS 
USP Phenytoin Related Compound A RS  

Diphenylglycine.     
C14H13NO2      227.26

USP Phenytoin Related Compound B RS  
Diphenylhydantoic acid.     
C15H14N2O3      270.29

BRIEFING

Phenytoin Sodium Injection, USP 36 page 4790. The proposal published in PF 38(3) [May–
June 2012] calls for the use of USP Dehydrated Alcohol RS as a quantitative external
standard. USP Dehydrated Alcohol RS is qualified for only qualitative use such as peak
identification. Dehydrated alcohol is hygroscopic and thus may lead to inconsistent results.
Hence, the proposal that appeared in PF 38(3) is canceled and replaced with the following
proposal:

1. Delete Identification test B. The counter-ion identification tests use of the flame test is
subjective. Because the drug substance monograph test includes an identification for
the counter ion, it is not necessary to have the counter-ion identification in the
dosage form monograph.

2. Introduce a second identification test based on a retention time agreement from the
Assay to strengthen the monograph.

3. Replace the packed column gas chromatographic procedure used in the test for Alcohol
and Propylene Glycol Content with a capillary column gas chromatographic
procedure. The proposed procedure is based on analyses performed with the
Stabilwax (Crossbond Carbowax PEG) G16 column manufactured by Restek
Corporation, in which alcohol and propylene glycol elute at 4.6 and 13.3 min,
respectively. The proposed capillary gas chromatographic procedure uses two of the
existing USP Reference Standards.

4. Introduce a reference to general test chapter Infrared Absorption 197  in
Identification test A.

5. Move the Note in the Definition to the Labeling section under Additional Requirements
as this is a safety precaution that practitioners should be able to see; hence its
appropriate place is in the Labeling section.

(SM4: R. Ravichandran.)
Correspondence Number—C95945

Comment deadline: May 31, 2013
Phenytoin Sodium Injection

DEFINITION

Change to read:
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Phenytoin Sodium Injection is a sterile solution of Phenytoin Sodium with Propylene Glycol and
Alcohol in Water for Injection. It contains NLT 95.0% and NMT 105.0% of the labeled amount of
phenytoin sodium (C15H11N2NaO2).
[Note—Do not use the Injection if it is hazy or contains a precipitate.]

IDENTIFICATION

Change to read:
•  A.

Infrared Absorption 197K
Sample:  Transfer an equivalent of 250 mg of phenytoin sodium from a volume of Injection

to a separator containing 25 mL of water. Extract first with 50 mL of ethyl acetate and
then with two additional 30-mL portions of ethyl acetate. Wash each extract with two
20-mL portions of sodium acetate solution (10 mg/mL). Evaporate the combined ethyl

acetate extracts, and dry the residue of phenytoin at 105  to constant weight.
Acceptance criteria:  Residue obtained from the Sample meets the requirements.

Change to read:

•  B. Identification Tests—General, Sodium 191 : Meets the requirements of the flame
test.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Methanol and water (55:45)
Standard solution:  0.23 mg/mL of USP Phenytoin RS in Mobile phase
Sample solution:  Nominally 0.25 mg/mL of phenytoin sodium from a volume of Injection

equivalent to 250 mg of phenytoin sodium in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenytoin sodium (C15H11N2NaO2) in
the portion of Injection taken:

1S (USP37)
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of phenytoin sodium in the Sample solution (mg/mL)
Mr1= molecular weight of phenytoin sodium, 274.25
Mr2= molecular weight of phenytoin, 252.27
Acceptance criteria:  95.0%–105.0%

OTHER COMPONENTS

Change to read:
•  Alcohol and Propylene Glycol Content

Internal standard solution:  Pipet 8mL of methanol and and 20 mL of ethylene glycol into
a 100 mL volumetric flask, dilute with water to volume and mix.in water

Solution A:  Pipet 6 mL of dehydrated alcohol into a 100-mL volumetric flask, and dilute
with water to volume.

Solution B:  Pipet 20 mL of propylene glycol into a 100-mL volumetric flask, and dilute with
water to volume.

Standard solution:  Pipet 10 mL each of Internal standard solution, Solution A, and
Solution B into a 100-mL volumetric flask, and dilute with water to volume.

Sample solution:  Pipet 5 mL of Injection and 10 mL of Internal standard solution into a
100-mL volumetric flask, and dilute with water to volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  1.8-m × 2.0-mm (ID) glass column; packed with 50–80 mesh silanized packing

S3
Temperature 

Column:  See Table 1.

Table 1

Initial
Temperature

Temperature
Ramp

( /min)

Final
Temperature

Hold Time
at Final

Temperature

140 0 140 3
140 6 190 6

Injection port:  200

Detector:  200
Carrier gas:  Helium
Flow rate:  40 mL/min
Injection volume:  2 µL

System suitability 
Sample:  Standard solution (five replicate injections)
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[Note—The order of elution is methanol, alcohol, ethylene glycol, and propylene glycol in
order of increasing retention time. The relative retention times for methanol is 1.0;
alcohol with respect to methanol is 2.2; relative retention time of ethylene glycol is 1.0
and propylene glycol with respect to the ethylene glycol is 1.4.]

Suitability requirements 
Resolution:  NLT 2.0 between methanol and alcohol; NLT 3.0 between ethylene glycol

and propylene glycol
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the relative response ratio for the alcohol peak with respect to the methanol
peak and for the propylene glycol peak with respect to the ethylene glycol peak.

Calculate the alcohol content, as a percentage, in the portion of Injection taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of alcohol to methanol from the Sample solution
RS= peak response ratio of the alcohol to methanol from the Standard solution
CS= concentration of alcohol in the Standard solution,(mL/mL)
CU= nominal concentration of the Sample solution,(mL/mL)

Calculate the propylene glycol content, as a percentage, in the portion of Injection taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of the propylene glycol to ethylene glycol from the Sample solution
RS= peak response ratio of propylene glycol to ethylene glycol from the Standard solution
CS= concentration of propylene glycol in Standard solution,(mL/mL)
CU= nominal concentration of the Sample solution (mL/mL)

Internal standard solution:  0.02 mL/mL of methanol and 0.04 mL/mL of ethylene glycol
in water
Standard stock solution:  0.01 mL/mL of alcohol from USP Alcohol Determination–Alcohol

RS and 0.04 mL/mL of USP Propylene Glycol RS in water
Standard solution:  0.005 mL/mL of alcohol and 0.02 mL/mL of propylene glycol prepared

as follows. Pipet 5 mL each of Standard stock solution and Internal standard stock
solution into a 10-mL volumetric flask.

Sample solution:  0.05 mL/mL of Injection in water prepared as follows. Pipet 5 mL of
Injection and 50 mL of the Internal standard solution into a 100-mL volumetric flask,
and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  30-m × 0.53-mm (ID) capillary column with a 1-µm coating of G16 phase
Temperatures 

Injection port:  240

Detector:  250
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Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

50 0 50 4
50 15 230 5

Carrier gas:  Hydrogen or helium
Flow rate:  5 mL/min
Injection volume:  0.2 µL
Injection type:  Split ratio, 10:1

System suitability 
Sample:  Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between methanol and alcohol; NLT 5.0 between propylene
glycol and ethylene glycol

Relative standard deviation:  NMT 2.0% for each of the response ratios of alcohol
to methanol and propylene glycol to ethylene glycol

Analysis 
Samples:  Standard solution and Sample solution

Calculate the alcohol content, as a percentage, in the portion of Injection taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of alcohol to methanol from the Sample solution
RS= peak response ratio of alcohol to methanol from the Standard solution
CS= concentration of alcohol in the Standard solution (mL/mL)
CU= nominal concentration of the Injection in the Sample solution (mL/mL)

Calculate the propylene glycol content, as a percentage, in the portion of Injection
taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of propylene glycol to ethylene glycol from the Sample solution
RS= peak response ratio of propylene glycol to ethylene glycol from the Standard solution
CS= concentration of propylene glycol in the Standard solution (mL/mL)
CU= nominal concentration of the Injection in the Sample solution (mL/mL)

Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Methanola 0.27 —
Alcohol 0.32 9.0–11.0
Propylene glycol 0.98 37.0–43.0

Ethylene glycola 1.0 —

a Internal standard included for peak identification purposes only. 

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : It contains NMT 0.3 USP Endotoxin Unit/mg of phenytoin
sodium.

•  pH 791 : 10.0–12.3

•  Particulate Matter in Injections 788 : It meets the requirements under small-volume
injections.

•  Other Requirements: It meets the requirements under Injections 1 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of

Type I glass, at controlled room temperature.

Add the following:
•  Labeling: The label states the following: “Do not use the Injection if it is hazy or contains

a precipitate.” 

Change to read:

•  USP Reference Standards 11
USP Alcohol Determination–Alcohol RS 

USP Endotoxin RS
USP Phenytoin RS 
USP Propylene Glycol RS  

BRIEFING

Pimozide, USP 36 page 4802. It is proposed to modernize the monograph with the following
changes:

1. Replace the nonspecific Ordinary Impurities test by TLC with a specific liquid
chromatographic procedure based on European Pharmacopoeia Edition 7.5. The
proposed test for Organic Impurities uses a Hypersil ODS brand L1 column
manufactured by Thermo Scientific Corporation in which pimozide elutes at about 8
min.

2. Replace Identification test B, Ultraviolet Absorption, with retention time agreement for
the pimozide peak in the test for Organic Impurities.

3. Delete the test for Melting Range or Temperature because the monograph contains a
specific IR identification procedure and also includes a selective HPLC procedure used
in the test for Organic Impurities.
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4. Revise the Loss on Drying test to be consistent with that in European Pharmacopoeia
Edition 7.5.

5. Revise monograph format to reflect the current USP style guide.

(SM4: R. Ravichandran, D. Min.)
Correspondence Number—C117808

Comment deadline: May 31, 2013
Pimozide

C28H29F2N3O       461.55 

2H-Benzimidazol-2-one, 1-[1-[4,4-bis(4-fluorophenyl)butyl]-4-piperidinyl]-1,3-dihydro-;     
1-[1-[4,4-Bis(p-fluorophenyl)butyl]-4-piperidyl]-2-benzimidazolinone     [2062-78-4].

DEFINITION

Pimozide contains NLT 98.0% and NMT 102.0% of pimozide (C28H29F2N3O), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  35 µg/mL in 0.1 N hydrochloric acid in methanol (1 in 10)

The retention time of the major peak of the Diluted sample solution corresponds to that of the
Standard solution, as obtained in the test for Organic Impurities.

ASSAY

Change to read:
•  Procedure

Sample solution:  320 mg of Pimozide in glacial acetic acid
Analysis:  Dissolve the Sample in 40 mL of glacial acetic acid, and titrate with 0.1 N

perchloric acid VS, determining the endpoint potentiometrically. Perform a blank

determination (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to
46.16 mg of C28H29F2N3O.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric
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Analysis:  Titrate the Sample solution with the Titrant. Perform a blank titration.
Calculate the percentage of pimozide (C28H29F2N3O) in the portion of Pimozide taken:

Result= [(VS  VB) × N × (F/W)] × 100

VS= Titrant volume consumed by the sample (mL)
VB= Titrant volume consumed by the blank (mL)
N= Titrant normality (meq/mL)
F= equivalent weight of pimozide, 461.6 mg/meq
W= sample weight (mg)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Ordinary Impurities 466  
Standard solution and Sample solution:  Chloroform
Eluant:  Cyclohexane and acetone (1:1)
Visualization:  1, then 17
Acceptance criteria:  The total of any ordinary impurities observed does not exceed

1.0%.
Solution A:  2.5 g/L of ammonium acetate and 8.5 g/L of tetrabutylammonium hydrogen
sulfate in water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 70 30
15 70 30
20 80 20
25 80 20

System suitability solution:  0.05 mg/mL of USP Pimozide RS and 0.02 mg/mL of USP
Mebendazole RS in methanol

Standard solution:  0.05 mg/mL of USP Pimozide RS in methanol
Sample solution:  10 mg/mL of Pimozide in methanol. [Note—Sonication may be needed

to dissolve the sample.]
Diluted Sample solution:  0.05 mg/mL of Pimozide in methanol from the Sample solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV 280 nm
Column:  4.6 mm × 10 cm; 3-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution. [Note—See Table 2 for

the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between pimozide and mebendazole, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution, Diluted sample solution, and Sample solution. [Note—The

Diluted sample solution is used for Identification test B.]

Calculate the percentage of pimozide impurities in the portion of Pimozide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for each impurity from the Sample solution
rS= peak response of pimozide from the Standard solution
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
CU= concentration of Pimozide in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Pimozide aminea 0.1 0.5

Mebendazole 0.88 —
Desfluoro pimozideb 0.9 0.5

o-Pimozide isomerc 0.95 0.5

Pimozide 1.0 —
Didehydropimozided 1.1 0.5

Pimozide N-oxidee 1.3 0.5

Any individual unspecified impurity — 0.10
Total impurities — 0.75

a  1-(Piperidin-4-yl)benzimidazolin-2-one.
b  1-{1-[4-(4-Fluorophenyl)-4-phenylbutyl]piperidin-4-yl}benzimidazolin-2-one.
c  1-{1-[4-(2-Fluorophenyl)-4-phenylbutyl]piperidin-4-yl}benzimidazolin-2-one.
d  1-{1-[4,4-Bis(4-fluorophenyl)butyl]-1,2,3,6-tetrahydropyridin-4-yl}benzimidazolin-2-

one.
e  1-[4,4-Bis(4-fluorophenyl)butyl]-4-(2-oxobenzimidazol-1-yl)piperidine 1-oxide.
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SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 216 –220  

Change to read:

•  Loss on Drying 731

Analysis:  Dry a sample in a vacuum at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

Analysis:  Dry the sample at 105 .
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Mebendazole RS 
USP Pimozide RS 

BRIEFING

Pimozide Tablets, USP 36 page 4802. It is proposed to modernize the monograph with the
following changes:

1. Add a liquid chromatographic procedure in the test for Organic Impurities based on the
2012 edition of the British Pharmacopoeia. This procedure uses a Hypersil ODS brand
of L1 packing column manufactured by Thermo Scientific Corporation. The typical
retention time for pimozide is about 8 min.

2. Add Identification test A, which uses IR absorption based on the 2012 edition of the
British Pharmacopoeia, to strengthen the USP monograph.

3. Replace the Assay with the assay procedure from the 2012 edition of the British
Pharmacopoeia that eliminates the use of an internal standard and the use of
tetrahydrofuran.

4. Revise the Identification test to Identification test B based on HPLC peak retention time
agreement as obtained in the proposed Assay.

5. Remove the use of Procedure for a Pooled Sample from the Dissolution test as this is
not consistent with current FDA approvals.

6. Add a storage requirement in the Packaging and Storage section.
7. Add USP Mebendazole RS to perform the System suitability test in the Assay.
8. Revise the monograph format to reflect the current USP style guide.

(SM4: R. Ravichandran, D. Min.)
Correspondence Number—C117809

Comment deadline: May 31, 2013
Pimozide Tablets

DEFINITION

Pimozide Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of pimozide
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(C28H29F2N3O).

IDENTIFICATION

Add the following:

•  A. Infrared Absorption 197K
Sample:  Grind an appropriate number of Tablets to prepare a 1 mg/mL solution of pimozide

in dichloromethane. Shake the solution for 5 min, and pass through a suitable filter.
Evaporate the filtrate to dryness under reduced pressure. Add a suitable amount of
potassium bromide powder, mix well, and press a small amount into a transparent pellet.

Acceptance criteria:  The IR absorption spectrum of the pellet is consistent with that of
USP Pimozide RS.

Change to read:
•  B.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, both relative to the internal standard,

as obtained in the Assay.

ASSAY

Change to read:
•  Procedure 

Protect all pimozide solutions from light.
Diluent:  Methanol and tetrahydrofuran (50:50)
Buffer:  5 g/L of ammonium acetate in water
Mobile phase:  Acetonitrile and Buffer (65:35)
Internal standard solution:  1 mg/mL of 3,4-dimethylbenzophenone in Diluent
Standard solution:  0.5 mg/mL of USP Pimozide RS and 0.2 mg/mL of 3,4-

dimethylbenzophenone (from suitable volume of Internal standard solution) and Diluent
Sample solution:  Nomianlyy 0.5 mg/mL pimozide from finely powdered Tablets(NLT 20)

prepared as follows: Transfer a suitable quantity of the powder, to a suitable volumetric
flask. Add suitable volume Internal standard solution to obtain 0.2 mg/mL of 3,4-
dimethylbenzophenone . Add 40% of the flask volume of Diluent and shake by mechanical
means for 30 min. Dilute with Diluent to volume and centrifuge and use the supernatent.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for pimozide and the Internal standard solution are

0.7 and 1.0, respectively.]
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Suitability requirements 
Resolution:  NLT 1.3 between pimozide and 3,4-dimethylbenzophenone peaks
Relative standard deviation:  NMT 2.0% for Pimozide

Solution A:  2.5 g/L of ammonium acetate and 8.5 g/L of tetrabutylammonium hydrogen
sulfate in water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 70 30
15 70 30
16 80 20
30 80 20

System suitability solution:  0.04 mg/mL of USP Pimozide RS and 0.02 mg/mL of USP
Mebendazole RS in methanol

Standard solution:  0.4 mg/mL of USP Pimozide RS in methanol
Sample solution:  Nominally 0.4 mg/mL prepared as follows. Transfer a suitable number

of powdered Tablets (NLT 20) to a suitable volumetric flask. Add about 70% of the
flask volume of methanol, and mechanically shake for 30 min. Dilute with methanol to
volume, and mix well with the aid of sonication for 10 min. Centrifuge, and pass a
portion of the supernatant through a suitable filter of 0.45-µm pore size.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution. [Note—The relative

retention times for mebendazole and pimozide are 0.88 and 1.0 respectively.]
Suitability requirements 

Resolution:  NLT 5.0 between the pimozide and medendazole peaks, System
suitability solution

Relative standard deviation:  NMT 2.0% for pimozide, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of pimozide (C28H29F2N3O) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

1S (USP37)

PF 39(2): Mar.-Apr. 2013 330



rU= peak response ratio of pimozide to the internal standard
of pimozide

from the Sample solution

rS= peak response ratio of pimozide to the internal standard
of pimozide

from the Standard solution
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
CU= nominal concentration of pimozide in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:
•  Dissolution, Procedure for a Pooled Sample

711
Medium:  0.01 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Standard stock solution:  Transfer 27 mg of USP Pimozide RS to a 250-mL volumetric flask

containing 1 mL of lactic acid. Heat on a steam bath to dissolve, add 80 mL of hot water,
and shake. Cool, dilute with water to volume, and mix.

Standard solution:  Dilute the Standard stock solution quantitatively with 0.01 N
hydrochloric acid to obtain a solution having a known concentration approximately the
same as that of the Sample solution (assuming complete dissolution).

Sample solution:  Transfer a suitable volume of the solution under test to a suitable
container, and centrifuge until clear.

Instrumental conditions 
Mode:  UV
Analytical wavelength:  277 nm
Cell:  5 cm

Analysis 
Samples:  Standard solution and Sample solution, prepared as follows. Pipet a volume of

the Sample solution, estimated to contain 110 µg of pimozide (assuming complete
dissolution), into a suitable container. Pipet an equal volume of the Standard solution
into a second container. To each container, add 20 mL each of 1 N sodium hydroxide
and chloroform. Shake each mixture by mechanical means for 15 min, and centrifuge.
Aspirate and discard the aqueous layers, and transfer the chloroform layers to separate
clean beakers. Use the chloroform layer for analysis.

Calculate the percentage of the labeled amount of pimozide (C28H29F2N3O) dissolved from
absorbances of the chloroform layers from the Sample solution and Standard solution:

Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance of the Sample solution chloroform extract
AS= absorbance of the Standard solution chloroform extract
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
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V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of pimozide (C28H29F2N3O) is dissolved.

Change to read:

•  Uniformity of Dosage Units, Content Uniformity 905 : Meet the requirements
Standard solution:  40 µg/mL of USP Pimozide RS in the same medium as the Sample

solution
Sample solution:  Place 1 Tablet in a 50-mL flask, add 5.0 mL of 0.1 N hydrochloric acid,

and shake by mechanical means for 30 min. Add 20.0 mL of methanol, and shake by
mechanical means for 20 min. Dilute, if necessary, quantitatively with methanol to obtain
a solution having a nominal concentration of 40 µg/mL of pimozide, mix, and centrifuge.

Instrumental conditions 
Analytical wavelength:  277 nm
Cell:  1 cm
Blank:  0.1 N hydrochloric acid and methanol (1 in 10)

Analysis:  Determine the absorbance of the supernatant Sample solution and Standard
solution, against the Blank.

Calculate the percentage of labeled amount of pimozide (C28H29F2N3O) in the Tablet
taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Pimozide RS in Standard solution (µg/mL)
CU= nominal concentration of pimozide in Sample solution (µg/mL)

IMPURITIES

Add the following:
•  Organic Impurities

Protect all pimozide solutions from light.
Solution A, Solution B, Mobile phase, System suitability solution, and

Chromatographic system:  Proceed as directed in the Assay.
Standard solution:  0.01 mg/mL of USP Pimozide RS in methanol
Sample solution:  Nominally 2 mg/mL prepared as follows. Transfer a suitable number of

powdered Tablets (NLT 20) to a suitable volumetric flask. Add about 70% of the flask
volume of methanol, and mechanically shake for 30 min. Dilute with methanol to volume,
and mix well with the aid of sonication for 10 min. Centrifuge, and pass a portion of the
supernatant through a suitable filter of 0.45-µm pore size.

System suitability 
Samples:  System suitability solution and Standard solution. [Note—The relative retention

times for mebendazole and pimozide are 0.88 and 1.0 respectively.]
System suitability requirements 

Resolution:  NLT 5.0 between pimozide and mebendazole, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of pimozide from the Standard solution
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
CU= nominal concentration of pimozide in the Sample solution (mg/mL)
Acceptance criteria 

Any individual unspecified degradation product:  NMT 0.5%
Total impurities:  NMT 0.75%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Mebendazole RS  

USP Pimozide RS 

BRIEFING

Propoxyphene Napsylate, USP 36 page 4940. As part of the USP monograph modernization
initiative, it is being proposed to make the following revisions:

1. Add the chemical structure of propoxyphene napsylate.
2. Update the second chemical name of propoxyphene napsylate to be consistent with the

current USP nomenclature convention.
3. Replace Identification test B with the retention time agreement based on the test in the

Assay.
4. Clarify Relative standard deviation and the Analysis for propoxyphene related compound

A and propoxyphene related compound B in Organic Impurities.
5. Add the column particle size in the Assay based on the initial validation report.
6. Omit the test for Melting Range or Temperature. The remaining tests provide sufficient

information to determine the quality of the product.
7. Correct the name for propoxyphene related compound A in the USP Reference Standards

section.

(SM2: H. Cai.)
Correspondence Number—C125093

Comment deadline: May 31, 2013
Propoxyphene Napsylate

Change to read:
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C22H29NO2·C10H8O3S·H2O       565.72 
C22H29NO2·C10H8O3S       547.72 

Benzeneethanol, -[2-(dimethylamino)-1-methylethyl]- -phenyl-, propanoate (ester), [S-
(R*,S*)]-, compd. with 2-naphthalenesulfonic acid (1:1), monohydrate;     
( S,1R)- -[2-(Dimethylamino)-1-methylethyl]- -phenylphenethyl propionate compound with
2-naphthalenesulfonic acid (1:1) monohydrate
(2S,3R)-(+)-4-(Dimethylamino)-3-methyl-1,2-diphenyl-2-butanol propionate (ester) 2-

naphthalenesulfonate (1:1) monohydrate
     [26570-10-5].
Anhydrous     [17140-78-2].

DEFINITION

Propoxyphene Napsylate contains NLT 97.0% and NMT 103.0% of propoxyphene napsylate
(C22H29NO2·C10H8O3S), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Sample:  Previously dried at 105  for 3 h
Acceptance criteria:  Meets the requirements

Delete the following:

•  B. Ultraviolet Absorption 197U
Sample solution: 40 µg/mL in methanol
Medium: Methanol
Analytical wavelength: 275 nm
Acceptance criteria: Absorptivities, calculated on the anhydrous basis, do not differ by

more than 3.0%.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Buffer:  11.5 g of monobasic ammonium phosphate and 1.0 mL of triethylamine in 1000 mL
of water. Adjust with 10% sodium hydroxide to a pH of 6.3 ± 0.05.

Mobile phase:  Methanol and Buffer (67:33)
Standard solution:  5.0 mg/mL of USP Propoxyphene Napsylate RS in Mobile phase
Sample solution:  5.0 mg/mL of Propoxyphene Napsylate in Mobile phase
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Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm;
10-µm

packing L1
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for propoxyphene napsylate is about 9 min.]
Suitability requirements 

Tailing factor:  NMT 3.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of propoxyphene napsylate (C22H29NO2·C10H8O3S) in the
portion of Propoxyphene Napsylate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Propoxyphene Napsylate RS in the Standard solution (mg/mL)
CU= concentration of Propoxyphene Napsylate in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–103.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.5%

•  Heavy Metals, Method II 231 : NMT 30 ppm

Change to read:
•  Organic Impurities

Mobile phase, Sample solution, and Chromatographic system:  Proceed as directed in
the Assay.

Standard stock solution:  0.2 mg/mL each of USP Propoxyphene Related Compound A RS
and USP Propoxyphene Related Compound B RS. Initially add methanol to 4% of the total
volume, and dilute with Mobile phase to volume.

Standard solution:  0.02 mg/mL each of USP Propoxyphene Related Compound A RS and
USP Propoxyphene Related Compound B RS in Mobile phase from the Standard stock
solution

System suitability solution:  4.5 mg/mL of USP Propoxyphene Napsylate RS and 0.02
mg/mL each of USP Propoxyphene Related Compound A RS and USP Propoxyphene Related
Compound B RS prepared as follows. Dissolve a suitable quantity of USP Propoxyphene
Napsylate RS in the Standard solution.

System suitability 
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Sample:  System suitability solution
[Note—The relative retention times for propoxyphene related compound A, propoxyphene

related compound B, and propoxyphene napsylate are 0.63, 0.78, and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between propoxyphene related compound B and propoxyphene
related compound A

Relative standard deviation:  NMT 2.0%
for propoxyphene related compound A and propoxyphene related compound B

Analysis 
Samples:   Sample solution and Standard solution

Calculate the percentage of propoxyphene related compound A
napsylate

in the portion of Propoxyphene Napsylate (C22H29NO2·C10H8O3S) taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of propoxyphene related compound A from the Sample solution
rS= peak response of propoxyphene related compound A from the Standard solution
CS= concentration of USP Propoxyphene Related Compound A RS in the Standard solution

(mg/mL)
CU= concentration of Propoxyphene Napsylate in the Sample solution (mg/mL)
Mr1= molecular weight of propoxyphene related compound A napsylate, 491.67
Mr2= molecular weight of propoxyphene related compound A

hydrochloride,
319.88

Acceptance criteria:  NMT 0.5% 
Calculate the percentage of propoxyphene related compound B napsylate in the portion of
Propoxyphene Napsylate (C22H29NO2·C10H8O3S) taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of propoxyphene related compound B from the Sample solution
rS= peak response of propoxyphene related compound B from the Standard solution
CS= concentration of USP Propoxyphene Related Compound B RS in the Standard solution

(mg/mL)
CU= concentration of Propoxyphene Napsylate in the Sample solution (mg/mL)
Mr1= molecular weight of propoxyphene related compound B napsylate, 533.71
Mr2= molecular weight of propoxyphene related compound B

free base,
325.45

Acceptance criteria:  NMT 0.6%

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 158 –165 , but the range between

beginning and end of melting does not exceed 4 , determined after drying at 105  for 3 h. 
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•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in chloroform

Acceptance criteria:  +35  to +43

•  Water Determination, Method I 921 : 2.5%–5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Propoxyphene Napsylate RS 
USP Propoxyphene Related Compound A RS 

a

-d-4-Dimethylamino-1,2-diphenyl-3-methyl-2-butanol hydrochloride.     
C19H25NO·HCl      319.87

USP Propoxyphene Related Compound B RS 
-d-2-Acetoxy-4-dimethylamino-1,2-diphenyl-3-methylbutane.     

C21H27NO2      325.45

BRIEFING

Sufentanil Citrate, USP 36 page 5205. On the basis of comments received, it is proposed to
make the following revisions:

1. Add the chemical structure and chemical information for sufentanil citrate.
2. In the Definition, revise the acceptance criteria from 98.0%–101.0% to 98.0%–102.0%,

which is typical for HPLC procedures. Revise the Acceptance criteria in the Assay
accordingly.

3. Delete the test for Limit of Acetone, because this is already covered in the general test

chapter Residual Solvents 467 , as prescribed in the USP General Notices.
4. Tighten the Relative standard deviation from 2.0% to 0.7% in the Assay, to be

consistent with repeatability requirements in Chromatography 621 , System
Suitability.

(SM2: H. Cai.)
Correspondence Number—C89100

Comment deadline: May 31, 2013
Sufentanil Citrate

Add the following:

C22H30N2O2S·C6H8O7       578.67 
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Propanamide, N-[4-(methoxymethyl)-1-[2-(thienyl)ethyl]-4-piperidinyl]-N-phenyl-, 2-hydroxy-
1,2,3-propanetricarboxylate (1:1);     
N-[4-(Methoxymethyl)-1-[2-(2-thienyl)ethyl]-4-piperidyl]propionanilide citrate (1:1)     [60561-
17-3].

DEFINITION

Change to read:

Sufentanil Citrate contains NLT 98.0% and NMT 101.0%
102.0%

of sufentanil citrate (C22H30N2O2S·C6H8O7), calculated on the dried basis.
[Caution—Handle Sufentanil Citrate with great care because it is a potent opioid analgesic.
Great care should be taken to prevent inhaling particles of Sufentanil Citrate and exposing the
skin to it.]

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Ultraviolet Absorption 197U
Sample solution:  50 µg/mL
Medium:  Use Mobile phase, prepared as directed in the Assay.
Acceptance criteria:  Meets the requirements

•  C. Identification Tests—General, Citrate 191
Sample solution:  Dissolve 500 mg in 5 mL of water.
Analysis:  Render the Sample solution alkaline with 1 N sodium hydroxide, and extract with

three 5-mL portions of methylene chloride.
Acceptance criteria:  The aqueous layer meets the requirements.

•  D. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, acetonitrile, and 0.13 M ammonium acetate (45:24:31). Adjust
with glacial acetic acid or ammonium hydroxide to a pH of 7.2.

Standard solution:  0.075 mg/mL of USP Sufentanil Citrate RS in Mobile phase
Sample solution:  0.075 mg/mL of Sufentanil Citrate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 228 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
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Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%
0.7%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of sufentanil citrate (C22H30N2O2S·C6H8O7) in the portion of
Sufentanil Citrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sufentanil Citrate RS in the Standard solution (mg/mL)
CU= concentration of Sufentanil Citrate in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–101.0%
102.0%

on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231
Test preparation:  Use the dried material retained in the Loss on Drying test.
Acceptance criteria:  NMT 20 ppm

Delete the following:
•  Limit of Acetone

Standard solution: 25 µL of acetone in 100 mL of dimethylformamide
Sample solution: 50 mg/mL of Sufentanil Citrate in dimethylformamide contained in a

polytef-lined screw-cap vial
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.83-m glass column containing support S2
Carrier gas: Nitrogen
Temperatures 

Injection port: 230

Detector: 230

Column: 175
Flow rate: 50 mL/min
Injection volume: 2 µL

System suitability 
Sample: Standard solution
Suitability requirements 

Relative standard deviation: NMT 5% for the acetone peak
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Analysis 
Samples: Standard solution and Sample solution

After injecting the Sample solution, wait about 25 min to allow the sufentanil peak to
completely elute from the column. 
Calculate the percentage of acetone in the portion of Sufentanil Citrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of acetone in the Standard solution (mg/mL)
CU= concentration of Sufentanil Citrate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.5%

•  Organic Impurities
Mobile phase:  Proceed as directed in the Assay.
Blank:  0.664 mg/mL of citric acid in Mobile phase
Sample solution:  0.75 mg/mL of Sufentanil Citrate in Mobile phase
Chromatographic system:  Proceed as directed in the Assay.
Analysis 

Samples:  Blank and Sample solution

Calculate the percentage of each impurity, disregarding any peaks corresponding to those
found in the Blank, in the portion of Sufentanil Citrate taken:

Result = (rU/rT) × 100

rU= peak response for each impurity
rT= sum of the responses of all of the peaks
Acceptance criteria 

Individual impurity:  NMT 0.5%
Total impurities:  NMT 1.0%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample under vacuum at 60  for 2 h.
Acceptance criteria:  NMT 0.5%; retain the dried material for use in the Heavy Metals

test.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in well-closed containers. Store at 25 , excursions

permitted between 15  and 30 .

•  USP Reference Standards 11
USP Sufentanil Citrate RS 

BRIEFING

Sumatriptan Tablets, USP 36 page 5245. The test for Organic Impurities that appeared in PF
35(4) [July–Aug. 2009] was not adopted into USP on the basis of comments received. The
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comments indicated that certain impurities co-elute, thus making the procedure nonspecific.
After reviewing the comments and the supporting data, the Monograph Development—Small
Molecules 4 Expert Committee has recommended that the proposal be published again with a
new procedure that is more selective because it is able to separate the impurities specified
in the PF 35(4) proposal as well as three additional impurities. The following changes are
proposed:

1. The proposed liquid chromatographic procedure in the test for Organic Impurities is
based on validations performed using the Phenomenex Luna C18(2) brand of L1
column in which the typical retention time for sumatriptan is about 12 min.

2. In the Assay, the Sample solution preparation has been clarified with the addition of
necessary details.

3. In Dissolution Tests 1 and 2, the redundant information regarding the Blank is deleted,
because the Medium is used as the blank in the procedure.

4. In Dissolution Test 2, the redundant information regarding cell dimensions is deleted.

The cell path length of 1 cm is the standard path length per general chapter 851 .
It is necessary to specify the cell dimensions only if any cell other than the 1-cm
path length is used in the procedure.

5. Minor editorial changes to be consistent with the current style guide have been
proposed.

(SM4: R. Ravichandran.)
Correspondence Number—C84548; C104141

Comment deadline: May 31, 2013
Sumatriptan Tablets

DEFINITION

Sumatriptan Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of sumatriptan
(C14H21N3O2S).

IDENTIFICATION

•  A. Infrared Absorption 197K : The IR spectrum exhibits main bands at or near (±1)

wavenumbers (cm 1) 1708, 1567, 1339, 1300, 1235, 1207, 989, and 844.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer solution A:  2.93
2.9

g/L of monobasic sodium phosphate, 1.3 mL/L of dibutylamine, and 0.4 mL/L of phosphoric
acid in water. Adjust with 10 N sodium hydroxide to a pH of 6.5.

Buffer solution B:  3.9 g/L of monobasic sodium phosphate. Adjust with 10 N sodium
hydroxide to a pH of 6.5 before dilution.
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Mobile phase:  Acetonitrile and Buffer solution A (1:3)
Diluent:  Acetonitrile and Buffer solution B (1:3)
Standard solution:  Equivalent to 0.1 mg/mL of sumatriptan from USP Sumatriptan

Succinate RS in Diluent
Sample stock solution:  

Nominally 1–2 mg/mL of sumatriptan from NLT 10 Tablets prepared as follows. Transfer the
Tablets to a suitable volumetric flask. Add Diluent to fill 60%–80% of the flask volume.
Sonicate for 15–20 min with intermittent shaking. Dilute with Diluent to volume.

Sample solution:  Nominally 0.1 mg/mL of sumatriptan in Diluent [Note—Sonicate if necessary.]
from the Sample stock solution. Pass through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 282 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  10 min
NLT 1.7 times the retention time of sumatriptan

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of sumatriptan (C14H21N3O2S) in the portion
of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sumatriptan Succinate RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1= molecular weight of sumatriptan, 295.4
Mr2= molecular weight of sumatriptan succinate, 413.5
Acceptance criteria:  90.0%–110.0% of the labeled amount of sumatriptan (C14H21N3O2S)

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Test 1 

Medium:  0.01 N hydrochloric acid; 900 mL
Apparatus 2:  30 rpm
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Time:  15 min
Standard solution:  0.025 mg/mL of USP Sumatriptan Succinate RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size. Dilute with Medium if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Spectrophotometry
Detector:  UV 282 nm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of sumatriptan (C14H21N3O2S)
dissolved:

Result = (AU/AS) × (CS/L) × D × V × (Mr1/Mr2) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
D = dilution factor of the Sample solution
V = volume of Medium, 900 mL
Mr1= molecular weight of sumatriptan, 295.4
Mr2= molecular weight of sumatriptan succinate, 413.5
Tolerances:  NLT 80% (Q) of the labeled amount of sumatriptan is dissolved.

Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium:  0.01 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  15 min
Standard solution:  (L/900) mg/mL of USP Sumatriptan Succinate RS in Medium, where L

is the Tablet label claim in mg
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Spectrophotometry
Detector:  UV 282 nm
Cell path length:  1 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of sumatriptan (C14H21N3O2S)
dissolved:
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Result = (AU/AS) × (CS/L) × V × (Mr1/Mr2) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
Mr1= molecular weight of sumatriptan, 295.4
Mr2= molecular weight of sumatriptan succinate, 413.5
Tolerances:  NLT 80% (Q) of the labeled amount of sumatriptan is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Diluent:  0.1 N hydrochloric acid
Buffer:  1.9 g/L of ammonium acetate. Adjust with acetic acid to a pH of 4.1.
Solution A:  Acetonitrile and methanol (90:10)
Solution B:  Solution A and Buffer (5:95)
Solution C:  Solution A and Buffer (22:78)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
14.5 100 0
21 0 100
28 0 100
29 100 0
37 100 0

System suitability solution:  0.1 mg/mL each of USP Sumatriptan Succinate RS of USP
Sumatriptan Succinate Related Compound C RS in Diluent

Sensitivity solution:  0.7 µg/mL of USP Sumatriptan Succinate Related Compound C RS in
Diluent

Sample solution:  Nominally to 1.25 mg/mL of sumatriptan from NLT 5 Tablets in Diluent
prepared as follows. Transfer the Tablets to a suitable volumetric flask. Add Diluent to fill
80% of the flask volume. Sonicate for 5 min to disperse the Tablets completely. Allow to
cool to room temparature for NLT 15 min. Dilute with Diluent to volume. Centrifuge a
portion of the solution at NLT 3000 RM for 10 min. Alternatively, the Sample solution may
be filtered using a suitable filter. Use the supernatant or filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 282 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
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Column temperature:  50
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 

Resolution:  NLT 1.5 between sumatriptan and sumatriptan succinate related compound
C, System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity as well as any individual unspecified
degradation product in the portion of Tablets taken:

Result = (rU/rT) × (1/F) × 100

rU= peak response for each impurity from the Sample solution
rS= sum of peak responses for all peaks in the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

3-Hydroxy-2-oxo sumatriptana 0.23 0.40 0.5

Sumatriptan aminob,c 0.86 — —

Sumatriptan monomethyld,c 0.98 — —

Sumatriptan 1.0 — —
Sumatriptan related compound C 1.22 1.0 0.5
Sumatriptan N-oxidee 1.56 1.0 0.5
Sumatriptan related compound Af 1.75 1.67 0.75
Sumatriptan N-dimerg 1.86 1.0 0.3
Any individual, unspecified degradation product — 1.0 0.2
Total impurities — — 2.0
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a  1-{3-[2-(Dimethylamino)ethyl]-3-hydroxy-2-oxoindolin-5-yl}-N-
methylmethanesulfonamide.

b  [3-[2-Aminoethyl)]-1H-indol-5-yl]-N-methylmethanesulfonamide.
c  Process impurity, included for peak identification purposes only, controlled in the drug

substance.
d  N-Methyl-1-{3-[2-(methylamino)ethyl]-1H-indol-5-yl}methanesulfonamide.
e  N-Methyl-1-{3-[2-(dimethylamino N-oxide)ethyl]-1H-indol-5-yl}methanesulfonamide.
f  [3-[2-(Dimethylamino)ethyl]-2-[[3-[2-(dimethylamino)ethyl]-1H-indol-5-yl]methyl]-1H-

indol-5-yl]-N-methylmethanesulfonamide.
g  {3-[2-(Dimethylamino)ethyl]-1-({3-[2-(dimethylamino)ethyl]-1H-indol-5-yl}methyl)-1H-

indol-5-yl}-N-methylmethanesulfonamide.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in well-closed containers. Store between 2  and 30 .
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

Change to read:

•  USP Reference Standards 11
USP Sumatriptan Succinate RS  

1H-Indole-5-methanesulfonamide, 3-[2-(dimethylamino)ethyl]-N-methyl-, butanedioate
(1:1). 
C14H21N3O2S·C4H6O4      413.49

USP Sumatriptan Succinate Related Compound C RS 
[3-[2-(Dimethylamino)ethyl]-1-(hydroxymethyl)-1H-indol-5-yl]-N-
methylmethanesulfonamide succinate salt. 
C15H23N3O3S·0.5C4H6O4      384.47

BRIEFING

Warfarin Sodium, USP 36 page 5587. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. The test for Isopropyl Alcohol Content (crystalline clathrate form) is revised to replace
the packed-column gas chromatography procedure with a capillary-column
procedure. The proposed procedure is based on analyses performed with the RXi-624
Sil MS brand of G43 column. The typical retention time for isopropyl alcohol is about
1.7 min.

2. The specified impurities and limits are proposed, and the Column temperature and Run
time are added in the test for Organic Impurities.

3. The system suitability requirement for the Relative standard deviation in the Assay is
revised from NMT 2.0% to NMT 1.0% based on the supporting data.

4. The molecular weight of warfarin in the Assay is corrected.

(SM3: F. Mao.)
Correspondence Number—C109903; C116922
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Comment deadline: May 31, 2013
Warfarin Sodium

C19H15NaO4       330.31 

2H-1-Benzopyran-2-one, 4-hydroxy-3-(3-oxo-1-phenylbutyl)-, sodium salt;     
3-( -Acetonylbenzyl)-4-hydroxycoumarin sodium salt     [129-06-6].

DEFINITION

Warfarin Sodium is an amorphous solid or a crystalline clathrate. The crystalline form consists
principally of warfarin sodium and isopropyl alcohol in a 2:1 molecular ratio. It contains NLT
8.0% and NMT 8.5% of isopropyl alcohol. Warfarin Sodium contains NLT 97.0% and NMT
102.0% of warfarin sodium (C19H15NaO4), calculated on the anhydrous basis for the amorphous
form or on the anhydrous and isopropyl alcohol-free basis for the crystalline form.

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Dissolve 100 mg in 25 mL of water, and adjust with hydrochloric acid to a pH of

less than 3, using short-range pH indicator paper. Stir the mixture, and allow the
precipitate to coagulate. Filter the mixture, and retain the filtrate for Identification test C.
Wash the precipitate with four, 5-mL portions of water, and dry under vacuum over
phosphorus pentoxide for 4 h. Use the warfarin obtained.

Standard:  Use USP Warfarin RS.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Sodium 191
Sample:  The filtrate obtained in Identification test A
Acceptance criteria:  Meets the requirements of the flame test

ASSAY

Change to read:
•  Procedure

Buffer:  Transfer 1.36 g of monobasic potassium phosphate to a 200-mL volumetric flask,
and dissolve in 50 mL of water. Add 39.1 mL of 0.2 N sodium hydroxide, and dilute with
water to volume. Adjust with sodium hydroxide or phosphoric acid to a pH of 7.4 ± 0.1.

Mobile phase:  Methanol, glacial acetic acid, and water (64:1:36)
Standard stock solution:  0.376 mg/mL of USP Warfarin RS prepared as follows. Transfer

USP Warfarin RS to a suitable volumetric flask, and dissolve in 0.1 N sodium hydroxide
equivalent to 39% of the final volume. Add 0.2 M monobasic potassium phosphate,
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equivalent to 25% of the final volume, and dilute with water to volume.
Standard solution:  Transfer 5 mL of Standard stock solution and 15 mL of Buffer into a

conical flask, and mix.
Sample stock solution:  0.4 mg/mL of Warfarin Sodium prepared as follows. Transfer 100

mg of Warfarin Sodium, accurately weighed, to a 250-mL volumetric flask, and dissolve in
97.8 mL of 0.1 N sodium hydroxide. Add 62.5 mL of 0.2 M monobasic potassium phosphate,
and dilute with water to volume.

Sample solution:  Transfer 5 mL of Sample stock solution and 15 mL of Buffer into a
conical flask, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L7
Flow rate:  1.4 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of warfarin sodium (C19H15NaO4) in the portion of Warfarin
Sodium taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of warfarin from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= concentration of Warfarin Sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.34

308.33
Acceptance criteria:  97.0%–102.0% on the anhydrous basis for the amorphous form and

on the anhydrous and isopropyl alcohol–free basis for the crystalline form

IMPURITIES

•  Heavy Metals 231
Sample:  Dissolve 4.0 g in 45 mL of water, add 5 mL of glacial acetic acid, stir until the

precipitate agglomerates, filter, and use 25 mL of the filtrate, using glacial acetic acid, if
necessary, to make the pH adjustment.

Acceptance criteria:  NMT 10 ppm

Change to read:
•  Organic Impurities
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Diluent:  Methanol and water (25:75)
Mobile phase:  Acetonitrile, glacial acetic acid, and water (32:1:68)
Standard stock solution:  0.12 mg/mL each of USP Warfarin RS and USP Warfarin Related

Compound A RS prepared as follows. Transfer USP Warfarin RS and USP Warfarin Related
Compound A RS to a suitable volumetric flask, and add 0.1 N sodium hydroxide and
methanol equivalent to 2% and 25% of the final volume, respectively. Dilute with water to
volume.

Standard solution:  2.4 µg/mL each of USP Warfarin RS and USP Warfarin Related
Compound A RS in Diluent from Standard stock solution

Sample solution:  0.8 mg/mL of Warfarin Sodium in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; packing L10

Column temperature:  35
Flow rate:  1.5 mL/min
Injection volume:  50 µL

Run time:  20 min
System suitability 

Sample:  Standard solution
[Note—The relative retention times for warfarin and warfarin related compound A are 1.0

and about 1.2, respectively.]

Suitability requirements 
Resolution:  NLT 3 between warfarin and warfarin related compound A peaks
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Warfarin Sodium taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for any individual impurity from the Sample solution
rS= peak response for warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Calculate the percentage of Alice’s ketone in the portion of Warfarin Sodium taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of warfarin related compound A from the Sample solution
rS= peak response of warfarin related compound A from the Standard solution
CS= concentration of USP Warfarin Related Compound A RS in the Standard solution

(mg/mL)
CU= concentration of Warfarin Sodium in the Sample solution (mg/mL)
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Mr1= molecular weight of Alice’s ketone, 286.30
Mr2= molecular weight of warfarin related compound A, 264.33

Calculate the percentage of any other individual impurity in the portion of Warfarin Sodium
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= concentration of Warfarin Sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.33
F = relative response factor for each individual impurity (see Table 1)

Acceptance criteria 
Individual impurity:  NMT 0.3%
Total impurities:  NMT 1.0%
Acceptance criteria 
Individual impurities:  See Table 1. Disregard any impurity peak less than 0.06%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

4-Hydroxycoumarina 0.4 2.0 0.30

Benzalacetoneb 0.6 2.0 0.30
Warfarin 1.0 — —

Alice’s ketonec 1.2 1.0 0.30
Any individual, unspecified impurity — 1.0 0.30
Total impurities — — 1.0

a  4-Hydroxy-2H-chromen-2-one.
b  (E)-4-Phenylbut-3-en-2-one.
c  3-(o-Hydroxyphenyl)-5-phenyl-2-cyclohexen-1-one sodium salt. It is the sodium salt of

warfarin related compound A.

SPECIFIC TESTS

Change to read:
•  Isopropyl Alcohol Content (crystalline clathrate form)

Internal standard solution:  Dilute 2.0 mL of n-propyl alcohol in 100.0 mL of water
Standard stock solution:  Transfer 1.6 g of isopropyl alcohol to a 100-mL volumetric flask,

and dilute with water to volume.
Standard solution:  Transfer 10.0 mL of Standard stock solution to a 100-mL volumetric

flask, add 10.0 mL of the Internal standard solution, and dilute with water to volume.
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Sample solution:  Dissolve 1.85 g of Warfarin Sodium in 50 mL of water in a 100-mL
volumetric flask. Add 10.0 mL of the Internal standard solution, dilute with water to
volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m; packed with 80- to 100-mesh support S2
Temperatures 

Column:  140

Injector:  200

Detector:  250
Carrier gas:  Nitrogen
Flow rate:  40 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution

[Note—The column temperature may be varied to meet the Suitability requirements]
Suitability requirements 

Resolution:  NLT 2.0 between n-propyl alcohol and isopropyl alcohol
Tailing factor:  NMT 1.5, isopropyl alcohol peak
Relative standard deviation:  NMT 2.0%, ratio of isopropyl alcohol area to n-propyl

alcohol area for five replicate injections
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of isopropyl alcohol in the portion of Warfarin Sodium taken:

Result = (RU/RS) × (CS/CU) × 100

RU= ratio of responses of isopropyl alcohol to n-propyl alcohol from the Sample solution
RS= ratio of responses of isopropyl alcohol to n-propyl alcohol from the Standard solution
CS= concentration of isopropyl alcohol in the Standard solution (mg/mL)
CU= concentration of Warfarin Sodium in the Sample solution (mg/mL)

Internal standard solution:  Transfer 1.0 mL of n-propyl alcohol into a 100-mL
volumetric flask, and dilute with water to volume.
Standard stock solution:  15.7 mg/mL of isopropyl alcohol in water
Standard solution:  0.157 mg/mL of isopropyl alcohol in water prepared as follows.

Transfer 1 mL of Standard stock solution and 2.0 mL of Internal standard solution to a
100-mL volumetric flask, and dilute with water to volume.

Sample solution:  1.85 mg/mL of Warfarin Sodium in water prepared as follows. Dissolve
185 mg of Warfarin Sodium in a 100-mL volumetric flask, add 2.0 mL of Internal
standard solution, and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
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Detector:  Flame-ionization
Column:  30-m × 0.32-mm; 1.8-µm coating of G43
Temperatures 

Injection port:  210

Detector:  280
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

50 0 50 4
50 25 200 4

Carrier gas:  Helium
Flow rate:  5.0 mL/min
Injection volume:  1 µL
Injection type:  Split ratio 5:1

System suitability 
Sample:  Standard solution

[Note—The relative retention times for isopropyl alcohol and n-propyl alcohol are about
1.0 and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between n-propyl alcohol and isopropyl alcohol
Tailing factor:  NMT 1.5, isopropyl alcohol peak
Relative standard deviation:  NMT 2.0%, peak response ratio of isopropyl alcohol to

n-propyl alcohol
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of isopropyl alcohol in the portion of Warfarin Sodium taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of isopropyl alcohol to n-propyl alcohol from the Sample
solution

RS= peak response ratio of isopropyl alcohol to n-propyl alcohol from the Standard
solution

CS= concentration of isopropyl alcohol in the Standard solution (mg/mL)
CU= concentration of Warfarin Sodium in the Sample solution (mg/mL)

Acceptance criteria:  8.0%–8.5%

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  7.2–8.3

•  Water Determination, Method I 921 : NMT 4.5% for the amorphous form; NMT 0.3% for
the crystalline clathrate form

•  Absorbance in Alkaline Solution
Sample:  125 mg/mL in sodium hydroxide solution (1 in 20)
Blank:  Sodium hydroxide solution (1 in 20)

1S (USP37)

PF 39(2): Mar.-Apr. 2013 352



Analysis:  Determine the absorbance of the solution in a 1-cm cell at 385 nm, with a
suitable spectrometer, within 15 min.

Acceptance criteria:  NMT 0.1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.
•  Labeling: Label it to indicate whether it is the amorphous or the crystalline form.

•  USP Reference Standards 11
USP Warfarin RS 
USP Warfarin Related Compound A RS  

3-(o-Hydroxyphenyl)-5-phenyl-2-cyclohexen-1-one.     
C18H16O2      264.33

BRIEFING

Warfarin Sodium for Injection, USP 36 page 5588. As part of the USP monograph
modernization effort, it is proposed to make the following changes:

1. The test for Organic Impurities is added. The proposed procedure is validated using the
Zorbax SB-Phenyl brand of L11 column. The typical retention time for warfarin and
Alice’s ketone is about 16 min and 22 min, respectively.

2. The system suitability requirement for the Relative standard deviation in the Assay is
revised from NMT 2.0% to NMT 1.0% based on the supporting data.

3. The test for Completeness of Solution is deleted because it is encompassed in the test
for Constituted Solution.

4. The storage requirement is added in the Packaging and Storage section.

5. The USP Warfarin Related Compound A RS is added in the USP Reference Standards 11

 section to support the addition of the test for Organic Impurities procedure.

(SM3: F. Mao.)
Correspondence Number—C116923

Comment deadline: May 31, 2013
Warfarin Sodium for Injection

DEFINITION

Warfarin Sodium for Injection is a sterile, freeze-dried mixture of Warfarin Sodium and suitable
added substances. It contains NLT 95.0% and NMT 105.0% of the labeled amount of warfarin
sodium (C19H15NaO4). It may contain a suitable buffer.

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Dissolve 100 mg in 25 mL of water, and adjust with hydrochloric acid to a pH of

less than 3, using short-range pH indicator paper. Stir the mixture, and allow the
precipitate to coagulate. Filter the mixture. Wash the precipitate with four 5-mL portions
of water, and dry under vacuum over phosphorus pentoxide for 4 h. Use the warfarin
obtained.
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Standard:  Use USP Warfarin RS.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  Transfer 1.36 g of monobasic potassium phosphate to a 200-mL volumetric flask,
and dissolve in 50 mL of water. Add 39.1 mL of 0.2 N sodium hydroxide, and dilute with
water to volume. Adjust with sodium hydroxide or phosphoric acid to a pH of 7.4 ± 0.1.

Mobile phase:  Methanol, glacial acetic acid, and water (64:1:36)
Standard stock solution:  0.94 mg/mL of USP Warfarin RS prepared as follows. Transfer

USP Warfarin RS to a suitable volumetric flask, and dissolve in 0.1 N sodium hydroxide
equivalent to 39% of the final volume. Add 0.2 M monobasic potassium phosphate,
equivalent to 25% of the final volume, and dilute with water to volume.

Standard solution:  Transfer 5 mL of Standard stock solution into a 50-mL volumetric flask,
and dilute with Buffer to volume.

Sample solution:  Nominally 0.1 mg/mL of warfarin sodium in Buffer prepared as follows.
Dissolve the contents of NLT 10 containers of Warfarin Sodium for Injection in Buffer.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L7
Flow rate:  1.4 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of warfarin sodium (C19H15NaO4) in the
portion of Warfarin Sodium for Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of warfarin from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= nominal concentration of warfarin sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.34

308.33
Acceptance criteria:  95.0%–105.0%

1S (USP37)
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PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

•  Heavy Metals 231
Sample:  Dissolve 4.0 g in 45 mL of water, add 5 mL of glacial acetic acid, stir until the

precipitate agglomerates, filter, and use 25 mL of the filtrate, using glacial acetic acid, if
necessary, to make the pH adjustment.

Acceptance criteria:  NMT 10 ppm

Add the following:
•  Organic Impurities

Diluent:  Methanol and water (25:75)
Mobile phase:  Methanol, tetrahydrofuran, glacial acetic acid, and water (53:1:1:47)
Standard stock solution 1:  0.126 mg/mL of USP Warfarin RS prepared as follows. Transfer

USP Warfarin RS to a suitable volumetric flask, add 0.1 N sodium hydroxide and methanol
equivalent to 2% and 25% of the final volume, respectively. Sonicate to dissolve. Dilute
with water to volume.

Standard stock solution 2:  2.4 µg/mL of USP Warfarin RS in Diluent from Standard stock
solution 1

Standard solution:  1.2 µg/mL of USP Warfarin RS in Diluent from Standard stock solution 1
System suitability stock solution 1:  0.24 mg/mL of USP Warfarin Related Compound A RS

in methanol
System suitability stock solution 2:  2.4 µg/mL of USP Warfarin Related Compound A RS in

Diluent from System suitability stock solution 1
System suitability solution:  1.2 µg/mL of each of USP Warfarin RS and USP Warfarin

Related Compound A RS in Diluent from Standard stock solution 2 and System suitability
stock solution 2

Sample solution:  Nominally equivalent to 0.5 mg/mL of warfarin sodium in Diluent prepared
as follows. Transfer the contents of NLT 10 vials of Warfarin Sodium for Injection into a
suitable volumetric flask, dissolve, and dilute with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L11

Column temperature:  35
Flow rate:  1.5 mL/min
Injection volume:  100 µL
Run time:  NLT 4 times the retention time of warfarin

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The relative retention times for warfarin and warfarin related compound A are about
1.0 and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 2 between warfarin and warfarin related compound A peaks, System
suitability solution
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Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of Alice’s ketone in the portion of Warfarin Sodium for Injection
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of warfarin related compound A from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= concentration of warfarin sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.33
F = relative response factor for Alice’s ketone, 0.9

[Note—Alice’s ketone is a sodium salt of warfarin related compound A, 3-(o-Hydroxyphenyl)-5-
phenyl-2-cyclohexen-1-one sodium salt.]

Acceptance criteria:  NMT 0.5%

SPECIFIC TESTS

Delete the following:

•  Completeness of Solution 641 : 100 mg/mL in carbon dioxide-free water yields a clear
solution 

•  Water Determination, Method I 921 : NMT 4.5%

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  7.2–8.3

•  Constituted Solution: Meets the requirements in Injections 1 , Constituted Solutions

•  Bacterial Endotoxins Test 85 : NMT 24.0 of USP Endotoxin Units/mg of warfarin sodium

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS

Change to read:

•  Packaging and Storage: Preserve in light-resistant containers as described in Injections 1

, Containers for Sterile Solids.
Store at controlled room temperature.

•  Labeling: Meets the requirements in Injections 1

Change to read:

•  USP Reference Standards 11
USP Endotoxin RS
USP Warfarin RS 
USP Warfarin Related Compound A RS  

1S (USP37)
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3-(o-Hydroxyphenyl)-5-phenyl-2-cyclohexen-1-one. 
C18H16O2      264.33

BRIEFING

Warfarin Sodium Tablets, USP 36 page 5588. As part of the USP monograph modernization
effort, it is proposed to make the following changes:

1. The test for Organic Impurities is added. The proposed procedure is based on analyses
performed with the Zorbax Phenyl brand of L11 column. The typical retention time for
warfarin and Alice’s ketone is about 14 min and 19 min, respectively.

2. The system suitability requirement for the Relative standard deviation in the Assay is
revised from NMT 2.0% to NMT 1.0% based on the supporting data.

3. The molecular weight of warfarin in Assay and test for Dissolution is corrected.
4. The storage requirement is added in the Packaging and Storage section.

5. The USP Warfarin Related Compound A RS is added in the USP Reference Standards 11

 section to support the addition of the test for Organic Impurities procedure.

(SM3: F. Mao.)
Correspondence Number—C116927

Comment deadline: May 31, 2013
Warfarin Sodium Tablets

DEFINITION

Warfarin Sodium Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of warfarin
sodium (C19H15NaO4).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Infrared Absorption 197K
Sample:  Triturate a quantity of finely powdered Tablets, equivalent to about 200 mg of

warfarin sodium, with 50 mL of water, centrifuge, and filter the supernatant. Extract with
50 mL of ether, transfer the aqueous layer to a second separator, and discard the ether.
Adjust with hydrochloric acid to a pH of less than 3, using short-range pH indicator paper,
and extract with 50 mL of chloroform. Transfer the chloroform layer to another separator,
extract with 50 mL of sodium hydroxide solution (1 in 250), and discard the chloroform.
Transfer the aqueous layer to a beaker, and adjust with hydrochloric acid to a pH of less
than 3 (using the pH indicator paper) to precipitate the warfarin. Stir the mixture, and
allow the precipitate to coagulate. Filter, and wash the precipitate with four, 5-mL
portions of water. If the precipitate is not white or practically white, dissolve it in a
minimum volume of sodium hydroxide solution (1 in 250), dilute with water to 50 mL, and
repeat the foregoing procedure, beginning with “Extract with 50 mL of ether.” Dry the
warfarin under vacuum over phosphorus pentoxide for 4 h.

ASSAY

1S (USP37)
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Change to read:
•  Procedure

Buffer:  Transfer 1.36 g of monobasic potassium phosphate to a 200-mL volumetric flask,
and dissolve in 50 mL of water. Add 39.1 mL of 0.2 N sodium hydroxide, and dilute with
water to volume. Adjust with sodium hydroxide or phosphoric acid to a pH of 7.4 ± 0.1.

Diluent:  Acetonitrile and Buffer (15:85)
Mobile phase:  Methanol, glacial acetic acid, and water (68:1:32)
Standard stock solution:  0.31 mg/mL of USP Warfarin RS prepared as follows. Transfer

USP Warfarin RS to a suitable volumetric flask, and dissolve in 0.1 N sodium hydroxide
equivalent to 39% of the final volume. Add 0.2 M monobasic potassium phosphate,
equivalent to 25% of the final volume, and dilute with water to volume.

Standard solution:  Transfer 15.0 mL of Standard stock solution into a 50-mL volumetric
flask, and dilute with Diluent to volume.

Sample solution:  Nominally 0.1 mg/mL of warfarin sodium in Diluent prepared as follows.
Weigh, and finely powder NLT 20 Tablets. Transfer an accurately weighed portion of the
powder, equivalent to about 5 mg of warfarin sodium, to a 50-mL volumetric flask, and
add about 30 mL of Diluent. Sonicate for 10 min, and then shake by mechanical means for
60 min. Dilute with Diluent to volume, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L7
Flow rate:  1.4 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of warfarin sodium (C19H15NaO4) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of warfarin from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= nominal concentration of warfarin sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.34

308.33
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

1S (USP37)
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Change to read:

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Mobile phase:  Prepare as directed in the Assay.
Standard solution:  USP Warfarin RS in water, having a known concentration of 0.0008L

mg/mL, L being the labeled amount, in mg, of warfarin sodium in the Tablets. [Note—Use a
small amount of 0.1 N sodium hydroxide to aid in dissolution.]

Sample solution:  Pass a portion of the solution under test through a suitable filter.
Chromatographic system:  Proceed as directed in the Assay except the Injection volume.

Injection volume:  40 µL
System suitability:  Proceed as directed in the Assay.
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of warfarin sodium (C19H15NaO4)
dissolved:

Result = (rU/rS) × CS × V × (Mr1/Mr2) × (1/L) × 100

rU= peak response of warfarin from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.34

308.33
L = label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of warfarin sodium (C19H15NaO4) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Diluent:  Methanol and water (25:75). Alternatively, a mixture of acetonitrile and water
(25:75) can be used.

Mobile phase:  Methanol, tetrahydrofuran, glacial acetic acid, and water (57:1:1:42)
Standard stock solution:  0.126 mg/mL of USP Warfarin RS prepared as follows. Transfer

USP Warfarin RS to a suitable volumetric flask, and add 0.1 N sodium hydroxide and
methanol equivalent to 2% and 25% of the final volume, respectively. Sonicate, if
necessary, to dissolve. Dilute with water to volume.

Standard solution (for 1-mg Tablets):  1.0 µg/mL of USP Warfarin RS in Diluent from
Standard stock solution

Standard solution (for other strengths):  2.0 µg/mL of USP Warfarin RS in Diluent from
Standard stock solution

1S (USP37)
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System suitability stock solution:  0.4 mg/mL of USP Warfarin Related Compound A RS in
methanol

System suitability solution:  2.0 µg/mL of each of USP Warfarin RS and USP Warfarin
Related Compound A RS in Diluent from Standard stock solution and System suitability
stock solution

Sample solution (for 1-mg Tablets):  Nominally 0.4 mg/mL of warfarin sodium in Diluent
prepared as follows. Transfer 10 Tablets into a suitable volumetric flask, dissolve Tablets
in Diluent by sonicating for 10 min and shaking for 60 min. Dilute with Diluent to volume.
Pass through a suitable filter, and discard the first few mL.

Sample solution (for other strengths):  Nominally 0.8 mg/mL of warfarin sodium in Diluent
prepared as follows. Transfer 8–10 Tablets into a suitable volumetric flask, dissolve
Tablets in Diluent by sonicating for 10 min and shaking for 60 min. Dilute with Diluent to
volume. Pass through a suitable filter, and discard the first few mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L11

Column temperature:  35
Flow rate:  1.5 mL/min
Injection volume:  200 µL
Run time:  NLT 4 times the retention time of warfarin

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The relative retention times for warfarin and warfarin related compound A are about
1.0 and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 2 between warfarin and warfarin related compound A peaks, System
Suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of Alice’s ketone in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of warfarin related compound A from the Sample solution
rS= peak response of warfarin from the Standard solution
CS= concentration of USP Warfarin RS in the Standard solution (mg/mL)
CU= concentration of warfarin sodium in the Sample solution (mg/mL)
Mr1= molecular weight of warfarin sodium, 330.31
Mr2= molecular weight of warfarin, 308.33
F = relative response factor for Alice’s ketone, 0.9
[Note—Alice’s ketone is a sodium salt of warfarin related compound A, 3-(o-Hydroxyphenyl)-

5-phenyl-2-cyclohexen-1-one sodium salt.]
Acceptance criteria:  NMT 0.5% 1S (USP37)
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Warfarin RS 
USP Warfarin Related Compound A RS  

3-(o-Hydroxyphenyl)-5-phenyl-2-cyclohexen-1-one. 
C18H16O2      264.33

1S (USP37)

1S (USP37)

PF 39(2): Mar.-Apr. 2013 361



Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.

BRIEFING

1056  Biotechnology-Derived Articles—Polyacrylamide Gel Electrophoresis. The
European Pharmacopoeia is the coordinating pharmacopeia for the international harmonization
of the compendial standards for this general chapter as part of the process of international
harmonization of monographs and general analytical methods of the European, Japanese, and
United States pharmacopeias. The following chapter, which represents the OFFICIAL INQUIRY
STAGE 4 document, is based in part on comments from the Japanese Pharmacopoeia and the
U.S. Pharmacopeia in response to the PROPOSAL STAGE 3 draft prepared by the European
Pharmacopoeia.

(GCBA: Maura Kibbey.)
Correspondence Number—C123297

Comment deadline: May 31, 2013

Add the following:

1056  BIOTECHNOLOGY-DERIVED ARTICLES—POLYACRYLAMIDE GEL
ELECTROPHORESIS

INTRODUCTION

Scope

Polyacrylamide gel electrophoresis is used for the qualitative characterization of proteins in
biological preparations, for control of purity, and for quantitative determinations.

Purpose

Analytical gel electrophoresis is an appropriate method with which to identify and to assess the
homogeneity of proteins in pharmaceutical preparations. The method is routinely used for the
estimation of protein subunit molecular masses and for determination of the subunit
compositions of purified proteins. Ready-to-use gels and reagents are commercially available
and can be used instead of those described in this text, provided that they give equivalent
results and that they meet the validity requirements given in Validation of the Test (below).

CHARACTERISTICS OF POLYACRYLAMIDE GELS

The sieving properties of polyacrylamide gels are established by the three-dimensional network
of fibers and pores that is formed as the bifunctional bisacrylamide cross-links adjacent
polyacrylamide chains. Polymerization usually is catalyzed by a free radical–generating system
composed of ammonium persulfate and N,N,N¢,N¢-tetramethylethylenediamine (TEMED). 
As the acrylamide concentration of a gel increases, its effective pore size decreases. The
effective pore size of a gel is operationally defined by its sieving properties, that is, by the
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resistance it imparts to the migration of macromolecules. There are limits on the acrylamide
concentrations that can be used. As the pore size of a gel decreases, the migration rate of a
protein through the gel decreases. By adjusting the pore size of a gel through manipulating the
acrylamide concentration, analysts can optimize the resolution of the method for a given
protein product. Thus, a given gel is physically characterized by its respective composition of
acrylamide and bisacrylamide. 
In addition to the composition of the gel, the state of the protein is an important component of
electrophoretic mobility. In the case of proteins, the electrophoretic mobility depends on the pK
value of the charged groups and the size of the molecule. It is influenced by the type, the
concentration, and the pH of the buffer; by the temperature and the field strength; and by the
nature of the support material.

DENATURING POLYACRYLAMIDE GEL ELECTROPHORESIS

The method cited as an example is limited to the analysis of monomeric polypeptides with a
mass range of 14,000–100,000 Da. It is possible to extend this mass range by various
techniques (e.g., gradient gels and particular buffer system). For instance, tricine–sodium
dodecyl sulfate (SDS) gels, using tricine instead of glycine (in the method described here) as
the trailing ion, can separate very small proteins and peptides under 10,000–15,000 Da. 
Denaturing polyacrylamide gel electrophoresis using glycine sodium dodecyl sulfate (SDS-PAGE)
is the most common mode of electrophoresis used in assessing the pharmaceutical quality of
protein products and is the focus of the example method. Typically, analytical electrophoresis
of proteins is carried out in polyacrylamide gels under conditions that ensure dissociation of the
proteins into their individual polypeptide subunits and that minimize aggregation. Most
commonly, the strongly anionic detergent sodium dodecyl sulfate (SDS) is used in combination
with heat to dissociate the proteins before they are loaded on the gel. The denatured
polypeptides bind to SDS, become negatively charged, and exhibit a consistent charge-to-mass
ratio regardless of protein type. Because the amount of SDS bound is almost always
proportional to the molecular mass of the polypeptide and is independent of its sequence, SDS–
polypeptide complexes migrate through polyacrylamide gels with mobilities dependent on the
size of the polypeptide. 
The electrophoretic mobilities of the resultant detergent–polypeptide complexes all assume the
same functional relationship to their molecular masses. SDS complexes migrate toward the
anode in a predictable manner; low-molecular-mass complexes migrate faster than larger ones.
The molecular mass of a protein therefore can be estimated from its relative mobility in
calibrated SDS-PAGE, and the intensity of a single band relative to other undesired bands in
such a gel can be a measure of purity. 
Modifications to the polypeptide backbone, such as N- or O-linked glycosylation, can change
the apparent molecular mass of a protein, because SDS does not bind to a carbohydrate moiety
in a manner similar to that of a polypeptide; therefore, a consistent charge-to-mass ratio is not
maintained. 
Depending on the extent of glycosylation and other posttranslational modifications, the
apparent molecular mass of proteins may not be a true reflection of the mass of the
polypeptide chain.

Reducing Conditions
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Polypeptide subunits and three-dimensional structure often are maintained in proteins by the
presence of disulfide bonds. A goal of SDS-PAGE analysis under reducing conditions is to disrupt
this structure by reducing disulfide bonds. Complete denaturation and dissociation of proteins
by treatment with 2-mercaptoethanol (2-ME) or dithiothreitol (DTT) results in unfolding of the
polypeptide backbone and subsequent complexation with SDS. Using these conditions, analysts
can reasonably calculate the molecular mass of the polypeptide by linear regression (or, more
closely, by nonlinear regression) in the presence of suitable molecular mass standards.

Nonreducing Conditions

For some analyses, complete dissociation of the protein into subunit peptides is not desirable.
In the absence of treatment with reducing agents such as 2-ME or DTT, disulfide covalent
bonds remain intact, preserving the oligomeric form of the protein. Oligomeric SDS–protein
complexes migrate more slowly than their SDS–polypeptide subunits. In addition, nonreduced
proteins may not be completely saturated with SDS and hence may not bind the detergent in a
constant mass ratio. Moreover, intrachain disulfide bonds constrain the molecular shape, usually
in such a way that reduces the Stokes radius of the molecule, thereby reducing the apparent
molecular mass, Mr. This makes molecular mass determinations of these molecules by SDS-PAGE
less straightforward than analyses of fully denatured polypeptides because both standards and
unknown proteins must be present in similar configurations for valid comparisons.

CHARACTERISTICS OF DISCONTINUOUS BUFFER SYSTEM GEL ELECTROPHORESIS

The most popular electrophoretic method for the characterization of complex mixtures of
proteins uses a discontinuous buffer system involving two contiguous but distinct gels: a
resolving or separating (lower) gel and a stacking (upper) gel. The two gels are cast with
different porosities, pH, and ionic strengths. In addition, different mobile ions are used in the
gel and electrode buffers. The buffer discontinuity acts to concentrate large-volume samples in
the stacking gel, resulting in improved resolution. When power is applied, a voltage drop
develops across the sample solution and drives the proteins into the stacking gel. Glycinate
ions from the electrode buffer follow the proteins into the stacking gel. A moving boundary
region is rapidly formed, with the highly mobile chloride ions in the front and the relatively slow
glycinate ions in the rear. A localized high-voltage gradient forms between the leading and
trailing ion fronts, causing the SDS–protein complexes to form into a thin zone (stack) and to
migrate between the chloride and glycinate phases. Within broad limits, regardless of the height
of the applied sample, all SDS–proteins condense into a very narrow region and enter the
resolving gel as a well-defined, thin zone of high protein density. The large-pore stacking gel
does not retard the migration of most proteins and serves mainly as an anticonvective medium.
At the interface of the stacking and resolving gels, the proteins experience a sharp increase in
retardation due to the restrictive pore size of the resolving gel and the buffer discontinuity,
which also contributes to unstacking of the proteins. Once in the resolving gel, proteins
continue to be slowed by the sieving of the matrix. The glycinate ions overtake the proteins,
which then move in a space of uniform pH formed by the tris(hydroxymethyl)aminomethane
(Tris) and glycine. Molecular sieving causes the SDS–polypeptide complexes to separate on the
basis of their molecular masses.
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PREPARING VERTICAL DISCONTINUOUS BUFFER SDS POLYACRYLAMIDE GELS

This section describes the preparation of gels using particular instrumentation. This does not
apply to precast gels. For precast gels or any other commercially available equipment, the
manufacturer's instructions should be used for guidance. 
The use of commercial reagents that have been purified in solution is recommended. When this
is not the case and when the purity of the reagents used is not sufficient, a pretreatment is
applied. For instance, any solution sufficiently impure to require filtration must also be deionized
with a mixed-bed (anion–cation exchange) resin to remove acrylic acid and other charged
degradation products. Unopened, gas-sparged (with argon or nitrogen) acrylamide–
bisacrylamide solutions and persulfate solid that is kept dry in a desiccator or a sealed bottle
containing silica gel are stable for long periods. Fresh ammonium persulfate solutions are
prepared daily.

Gel Stock Solutions

30% ACRYLAMIDE–BISACRYLAMIDE SOLUTION

Prepare a solution containing 290 g of acrylamide and 10 g of methylenebisacrylamide per liter
of water. Filter.

AMMONIUM PERSULFATE SOLUTION

Prepare a small quantity of solution having a concentration of 100 g/L of ammonium persulfate.
[Note—Ammonium persulfate provides the free radicals that drive polymerization of acrylamide
and bisacrylamide. Because ammonium persulfate decomposes rapidly, fresh solutions must be
prepared daily.]

TEMED

Use an electrophoresis-grade reagent.

SDS SOLUTION

This is a 100 g/L solution of electrophoresis-grade SDS.

1.5 M BUFFER SOLUTION

Dissolve 90.8 g of Tris in 400 mL of water. Adjust the pH to 8.8 with hydrochloric acid, and
dilute to 500.0 mL with water.

1 M BUFFER SOLUTION

Dissolve 60.6 g of Tris in 400 mL of water. Adjust the pH to 6.8 with hydrochloric acid, and
dilute to 500.0 mL with water.

Assembling the Gel-Molding Cassette

Clean the two glass plates (size, e.g., 10 cm × 8 cm), the polytetrafluoroethylene comb, the
two spacers, and the silicone rubber tubing (e.g., 0.6 mm diameter × 35 cm length) with mild
detergent; rinse extensively with water, followed by dehydrated alcohol; and allow the plates
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to dry at room temperature. Note that drying with a towel or a tissue may introduce stainable
contamination, whereas using air drying prevents this risk. Lubricate the spacers and the tubing
with nonsilicone grease. Apply the spacers along each of the two short sides of the glass plate
2 mm away from the edges and 2 mm away from the long side corresponding to the bottom of
the gel. Begin to lay the tubing on the glass plate by using one spacer as a guide. Carefully
twist the tubing at the bottom of the spacer, and follow the long side of the glass plate. While
holding the tubing with one finger along the long side, twist the tubing again and lay it on the
second short side of the glass plate, using the spacer as a guide. Place the second glass plate
in perfect alignment, and hold the mold together by hand pressure. 
Apply two clamps on each of the two short sides of the mold. Carefully apply four clamps on
the longer side of the gel mold, thus forming the bottom of the gel mold. Verify that the tubing
is running along the edge of the glass plates and has not been extruded while the clamps were
placed. The gel mold is now ready for pouring the gel.

Preparation of the Gel

In a discontinuous buffer SDS polyacrylamide gel, it is recommended to pour the resolving gel,
let the gel set, and then pour the stacking gel, because the composition of the two gels in
acrylamide–bisacrylamide, buffer, and pH are different.

PREPARATION OF THE RESOLVING GEL

In a conical flask, prepare the appropriate volume of solution containing the desired
concentration of acrylamide for the resolving gel, using the values given in Table 1. Mix the
components in the order shown. Where appropriate, before adding the Ammonium Persulfate
Solution and the TEMED, filter the solution if necessary under vacuum through a cellulose
acetate membrane (pore diameter: 0.45 µm). Keep the solution under vacuum, while swirling
the filtration unit, until no more bubbles are formed in the solution. Add appropriate amounts of
Ammonium Persulfate Solution and TEMED, as indicated in Table 1, swirl, and pour immediately
into the gap between the two glass plates of the mold. Leave sufficient space for the stacking
gel (the length of the teeth of the comb plus 1 cm). Using a tapered glass pipet, carefully
overlay the solution with water-saturated isobutanol. Leave the gel in a vertical position at
room temperature to allow polymerization.

Table 1. Preparation of the Resolving Gel

 Component Volume (mL) per Gel Mold Volume Below

Solution component
5

mL
10
mL

15
mL

20
mL

25
mL

30
mL

40
mL

50
mL

6% Acrylamide         
Water 2.6 5.3 7.9 10.6 13.2 15.9 21.2 26.5
30% Acrylamide–

Bisacrylamide 
Solution 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0
1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.004 0.008 0.012 0.016 0.02 0.024 0.032 0.04
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8% Acrylamide         
Water 2.3 4.6 6.9 9.3 11.5 13.9 18.5 23.2
30% Acrylamide–

Bisacrylamide 
Solution 1.3 2.7 4.0 5.3 6.7 8.0 10.7 13.3
1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.003 0.006 0.009 0.012 0.015 0.018 0.024 0.03

        
10% Acrylamide         
Water 1.9 4.0 5.9 7.9 9.9 11.9 15.9 19.8
30% Acrylamide–

Bisacrylamide 
Solution 1.7 3.3 5.0 6.7 8.3 10.0 13.3 16.7
1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

        
12% Acrylamide         
Water 1.6 3.3 4.9 6.6 8.2 9.9 13.2 16.5
30% Acrylamide–

Bisacrylamide 
Solution 2.0 4.0 6.0 8.0 10.0 12.0 16.0 20.0
1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

        
14% Acrylamide         
Water 1.4 2.7 3.9 5.3 6.6 8.0 10.6 13.8
30% Acrylamide–

Bisacrylamide 
Solution 2.3 4.6 7.0 9.3 11.6 13.9 18.6 23.2
1.5 M Buffer Solution 1.2 2.5 3.6 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

        
15% Acrylamide         
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Water 1.1 2.3 3.4 4.6 5.7 6.9 9.2 11.5
30% Acrylamide–

Bisacrylamide 
Solution 2.5 5.0 7.5 10.0 12.5 15.0 20.0 25.0
1.5 M Buffer Solution 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
SDS Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
Ammonium Persulfate

Solution 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED 0.002 0.004 0.006 0.008 0.01 0.012 0.016 0.02

PREPARATION OF THE STACKING GEL

After polymerization is complete (about 30 min), pour off the isobutanol, and wash the top of
the gel several times with water to remove the isobutanol overlay and any unpolymerized
acrylamide. Drain as much fluid as possible from the top of the gel, and then remove any
remaining water with the edge of a paper towel. 
In a conical flask, prepare the appropriate volume of solution containing the desired
concentration of acrylamide, using the values given in Table 2. Mix the components in the order
shown. Where appropriate, before adding the Ammonium Persulfate Solution and the TEMED,
filter the solution if necessary under vacuum through a cellulose acetate membrane (pore
diameter: 0.45 µm). Keep the solution under vacuum, while swirling the filtration unit, until no
more bubbles are formed in the solution. Add appropriate amounts of Ammonium Persulfate
Solution and TEMED, as indicated in Table 2. Swirl, and pour immediately into the gap between
the two glass plates of the mold directly onto the surface of the polymerized resolving gel.
Immediately insert a clean polytetrafluoroethylene comb into the stacking gel solution, being
careful to avoid trapping air bubbles. Add more stacking gel solution to fill the spaces of the
comb completely. Leave the gel in a vertical position, and allow it to polymerize at room
temperature.

Table 2. Preparation of the Stacking Gel

 Component Volume (mL) per Gel Mold Volume Below

Solution component
1

mL
2

mL
3

mL
4

mL
5

mL
6

mL
8

mL
10
mL

Water 0.68 1.4 2.1 2.7 3.4 4.1 5.5 6.8
30% Acrylamide–
Bisacrylamide 
Solution 0.17 0.33 0.5 0.67 0.83 1.0 1.3 1.7
1.0 M Buffer Solution 0.13 0.25 0.38 0.5 0.63 0.75 1.0 1.25
SDS Solution 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.1
Ammonium Persulfate
Solution 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.1
TEMED 0.001 0.002 0.003 0.004 0.005 0.006 0.008 0.01

Preparation of the Sample

Unless otherwise specified in the specific monograph, the samples can be prepared as follows:

SDS-PAGE SAMPLE BUFFER (CONCENTRATED)
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Dissolve 1.89 g of Tris, 5.0 g of sodium lauryl sulfate, and 50 mg of bromophenol blue in water.
Add 25.0 mL of glycerol, and dilute to 100 mL with water. Adjust the pH to 6.8 with
hydrochloric acid, and dilute to 125 mL with water.

SDS-PAGE SAMPLE BUFFER FOR REDUCING CONDITIONS (CONCENTRATED)

Dissolve 3.78 g of Tris, 10.0 g of SDS, and 100 mg of bromophenol blue in water. Add 50.0 mL
of glycerol, and dilute to 200 mL with water. Add 25.0 mL of 2-ME. Adjust to pH 6.8 with
hydrochloric acid, and dilute to 250.0 mL with water. Alternatively, DTT can be used as
reducing agent instead of 2-ME. In this case prepare the sample buffer as follows: Dissolve
3.78 g of Tris, 10.0 g of SDS, and 100 mg of bromophenol blue in water. Add 50.0 mL of
glycerol, and dilute to 200 mL with water. Adjust to pH 6.8 with hydrochloric acid, and dilute to
250.0 mL with water. Immediately before use, add DTT to a final concentration of 100 mM.

SDS-PAGE RUNNING BUFFER

Dissolve 151.4 g of Tris, 721.0 g of glycine, and 50.0 g of sodium lauryl sulfate in water, and
dilute to 5000 mL with the same solvent. Immediately before use, dilute to 10 times its volume
with water, and mix. Measure the pH of the diluted solution. The pH is between 8.1 and 8.8.

SAMPLE BUFFER (NONREDUCING CONDITIONS)

Mix equal volumes of water and SDS-PAGE Sample Buffer (Concentrated).

SAMPLE BUFFER (REDUCING CONDITIONS)

Mix equal volumes of water and SDS-PAGE Sample Buffer for Reducing Conditions
(Concentrated) containing 2-ME (or DTT) as the reducing agent. 
Dilute the preparation to be examined and the reference solutions with sample buffer to obtain
the concentration prescribed in the monograph (depending on the protein and staining method,
this concentration can vary). 
Sample treatment: Boil for 5 min or use a block heater, and then chill. (Note that temperature
and time may vary in the monograph because protein cleavage may occur during the heat
treatment.)

Mounting the Gel in the Electrophoresis Apparatus and Electrophoretic Separation

After polymerization is complete (about 30 min), remove the polytetrafluoroethylene comb
carefully. Rinse the wells immediately with water or with the SDS-PAGE Running Buffer to
remove any unpolymerized acrylamide. If necessary, straighten the teeth of the stacking gel
with a blunt hypodermic needle attached to a syringe. Remove the clamps on one short side,
carefully pull out the tubing, and replace the clamps. Proceed similarly on the other short side.
Remove the tubing from the bottom part of the gel. Mount the gel in the electrophoresis
apparatus. Add the electrophoresis buffers to the top and bottom reservoirs. Remove any
bubbles that become trapped at the bottom of the gel between the glass plates. This is best
done with a bent hypodermic needle attached to a syringe. Never prerun the gel before loading
the samples, because this will destroy the discontinuity of the buffer systems. Before loading
the sample, carefully rinse each well with SDS-PAGE Running Buffer. Prepare the test and
reference solutions in the recommended sample buffer, and treat as specified in the individual
monograph. Apply the appropriate volume of each solution to the stacking gel wells. 
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Start the electrophoresis using the conditions recommended by the equipment manufacturer.
Manufacturers of SDS-PAGE equipment may provide gels of different surface area and
thickness, and electrophoresis running time and current or voltage may vary in order to achieve
optimal separation. Check that the dye front is moving into the resolving gel. When the dye is
near the bottom of the gel stop the electrophoresis. Remove the gel assembly from the
apparatus, and carefully separate the glass plates. Remove the spacers, cut off and discard
the stacking gel, and immediately proceed with staining.

SODIUM DODECYL SULFATE-POLYACRYLAMIDE GEL ELECTROPHORESIS—GRADIENT
CONCENTRATION GELS

Gradient gels (resolving gels) are prepared with an increasing concentration of acrylamide from
the top to the bottom. Preparation of gradient gels requires a gradient-forming apparatus.
Ready-to-use gradient gels are commercially available with specific recommended protocols. 
Gradient gels offer some advantages over fixed-concentration gels. Some proteins that co-
migrate on fixed-concentration gels can be resolved within gradient gels. During electrophoresis
the proteins migrate until the pore size stops further progress, and therefore a stacking effect
occurs, resulting in sharper bands. According to Table 3, gradient gels also allow separation of
a wider range of protein molecular masses than do single, fixed-concentration gels. 
Table 3 gives suggested compositions of the linear gradient, relating the range of acrylamide
concentrations to the appropriate protein molecular ranges. Note that other gradient shapes
(e.g., concave) can be prepared for specific applications.

Table 3. Acrylamide Gradient Percentages Recommended for
Expected Protein Molecular Weights

Acrylamide 
(%)

Protein Range 
(kDa)

5–15 20–250
5–20 10–200
10–20 10–150
8–20 8–150

Gradient gels also are used for molecular mass determination and protein purity determination.

DETECTION OF PROTEINS IN GELS

Coomassie and silver staining are the most common protein staining methods and are described
in more detail below. Several other commercial stains, detection methods, and commercial kits
are available. For example, fluorescent stains are visualized using a fluorescent imager and
often provide a linear response over a wide range of protein concentrations—often several
orders of magnitude, depending on the protein. 
Coomassie staining has a protein detection level of approximately 1–10 µg of protein per band.
Silver staining is the most sensitive method for staining proteins in gels, and a band containing
10–100 ng can be detected. These figures are considered robust in the context of these gels.
Improved sensitivity of one or two orders of magnitude has been reported in the literature. 
Coomassie staining responds in a more linear manner than silver staining, but the response and
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range depend on the protein and development time. Both Coomassie and silver staining can be
less reproducible if staining is stopped in a subjective manner, i.e., when the analyst deems the
staining satisfactory. Wide dynamic ranges of reference proteins are important to use because
they help assess the intra-experimental sensitivity and linearity. All gel-staining steps are done
while wearing gloves, at room temperature, with gentle shaking (e.g., on an orbital shaker
platform), and using any convenient container.

Staining Reagents

DESTAINING SOLUTION

Prepare a mixture of 1 volume of glacial acetic acid, 4 volumes of methanol, and 5 volumes of
water.

COOMASSIE STAINING SOLUTION

Prepare a 1.25 g/L solution of acid blue 83 in Destaining Solution. Filter.

FIXING SOLUTION

To 250 mL of methanol, add 0.27 mL of formaldehyde, and dilute to 500.0 mL with water.

SILVER NITRATE REAGENT

To a mixture of 3 mL of concentrated ammonia and 40 mL of 1 M sodium hydroxide, add 8 mL of
a 200 g/L solution of silver nitrate, dropwise, with stirring. Dilute to 200 mL with water.

DEVELOPER SOLUTION

Dilute 2.5 mL of a 20 g/L solution of citric acid and 0.27 mL of formaldehyde to 500.0 mL with
water.

BLOCKING SOLUTION

A 10% (v/v) solution of acetic acid.

Coomassie Staining

Immerse the gel in a large excess of Coomassie Staining Solution, and allow to stand for at
least 1 h. Remove the staining solution. 
Destain the gel with a large excess of Destaining Solution. Change the Destaining Solution
several times until the stained protein bands are clearly distinguishable on a clear background.
The more thoroughly the gel is destained, the smaller is the amount of protein that can be
detected by the method. More rapid destaining can be achieved by including a few grams of
anion-exchange resin or a small sponge in the Destaining Solution. [Note—The acid–alcohol
solutions used in this procedure do not completely fix proteins in the gel. This can lead to
losses of some low-molecular-mass proteins during the staining and destaining of thin gels.
Permanent fixation is obtainable by allowing the gel to stand in a mixture of 1 volume of
trichloroacetic acid, 4 volumes of methanol, and 5 volumes of water for 1 h before it is
immersed in the Coomassie Staining Solution.]

Silver Staining
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Immerse the gel in a large excess of Fixing Solution, and allow it to stand for 1 h. Remove the
Fixing Solution, add fresh Fixing Solution, and incubate for at least 1 h or overnight, if
convenient. Discard the Fixing Solution, and wash the gel in a large excess of water for 1 h.
Soak the gel for 15 min in a 1% (v/v) solution of glutaraldehyde. Wash the gel twice for 15 min
in a large excess of water. Soak the gel in fresh Silver Nitrate Reagent for 15 min, in darkness.
Wash the gel three times for 5 min in a large excess of water. Immerse the gel for about 1 min
in Developer Solution until satisfactory staining has been obtained. Stop the development by
incubation in the Blocking Solution for 15 min. Rinse the gel with water.

RECORDING THE RESULTS

Gels are photographed or scanned while they are still wet or after an appropriate drying
procedure. Currently, gel-scanning systems with data analysis software are commercially
available to photograph and analyze the wet gel immediately. 
Drying of stained SDS polyacrylamide gels produces permanent documentation. This method,
however, frequently results in gel cracking during drying between cellulose films, rendering the
gel unsuitable for any kind of densitometry analyses later. 
Depending on the staining method used, gels are treated in a slightly different way. For
Coomassie staining, after the destaining step, allow the gel to stand in a 100 g/L solution of
glycerol for at least 2 h (overnight incubation is possible). For silver staining, add to the final
rinsing a step of 5 min in a 20 g/L solution of glycerol. 
Immerse two sheets of porous cellulose film in water, and incubate for 5–10 min. 
Place one of the sheets on a drying frame. Carefully lift the gel, and place it on the cellulose
film. Remove any trapped air bubbles, and pour a few mL of water around the edges of the gel.
Place the second sheet on top, and remove any trapped air bubbles. Complete the assembly of
the drying frame. Place in an oven or leave at room temperature until dry.

MOLECULAR MASS DETERMINATION

Molecular masses of proteins are determined by comparison of their mobilities with those of
several marker proteins of known molecular weight. Mixtures of prestained and unstained
proteins with precisely known molecular masses blended for uniform staining are available for
calibrating gels. They are available in various molecular mass ranges. Concentrated stock
solutions of proteins of known molecular mass are diluted in the appropriate sample buffer and
are loaded on the same gel as the protein sample to be studied. 
Immediately after the gel has been run, mark the position of the bromophenol blue tracking dye
to identify the leading edge of the electrophoretic ion front. This can be done by cutting
notches in the edges of the gel or by inserting a needle soaked in India ink into the gel at the
dye front. After staining, measure the migration distances of each protein band (markers and
unknowns) from the top of the resolving gel. Divide the migration distance of each protein by
the distance traveled by the tracking dye. The normalized migration distances are referred to
as the relative mobilities of the proteins (relative to the dye front), or RF. Construct a plot of
the logarithm of the relative molecular masses (Mr) of the protein standards as a function of
the RF values. Unknown molecular masses can be estimated by linear regression analysis (more
accurately, by nonlinear regression analysis) or interpolation from the curves of log Mr against
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RF if the values obtained for the unknown samples are positioned along the approximately linear
part of the graph.

VALIDATION OF THE TEST

The test is not valid unless the proteins of the molecular mass marker are distributed along 80%
of the length of the gel and over the required separation range covering the relevant protein
bands (e.g., the product and the dimer or the product and its related impurities). The
separation obtained for the expected proteins must show a linear relationship between the
logarithm of the molecular mass and the RF. If the plot has a sigmoidal shape, then only data
from the linear region of the curve can be used in the calculations. Additional validation
requirements with respect to the test sample may be specified in individual monographs. 
Sensitivity also must be validated. A reference protein control corresponding to the desired
concentration limit that is run in parallel with the test samples can serve as a system suitability
check of the experiment.

QUANTITATION OF IMPURITIES

When impurities are quantitated by normalization to the main band using an integrating
densitometer or image analysis, the responses must be validated for linearity. Note that
depending on the detection method and protein, as described in the introduction of the section
Detection of Proteins in Gels, the linear range can vary but can be assessed within each run by
using one or more control samples containing an appropriate range of protein concentrations. 
When the impurity limit is specified in the individual monograph, analysts should prepare a
reference solution corresponding to that level of impurity by diluting the test solution. For
example, when the limit is 5%, a reference solution would be a 1:20 dilution of the test
solution. No impurity (any band other than the main band) in the electropherogram obtained
with the test solution may be more intense than the main band obtained with the reference
solution. 
Under validated conditions, impurities can be quantified by normalization to the main band,
using an integrating densitometer, or by image analysis.
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manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:

Pharmacopeial Forum

Executive Secretariat, USP

12601 Twinbrook Pkwy.

Rockville, MD 20852
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national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).

The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF

The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond

Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

BRIEFING

3  Topical and Transdermal Drug Products—Product Quality Tests, USP 36 page 37.
On the basis of comments received, it is proposed to make the following revisions in the
Uniformity in Containers section:

1. Replace the use of the assay with any appropriate validated quantitative procedure.
2. Replace the range of 90%–110% of the product label claim with the assay range.

These changes are being made to accommodate products with a microbiological method
assay and/or with assay ranges with an upper limit higher than 110%.

The comment period for this revision ends July 31, 2013. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision Announcement,
with an official date of November 1, 2013.

(GCDF: M. Marques.)
Correspondence Number—C128417

Comment deadline: July 31, 2013

3  TOPICAL AND TRANSDERMAL DRUG PRODUCTS—PRODUCT QUALITY TESTS

INTRODUCTION

Topically applied drug products fall into two general categories: those applied to achieve local
action and those applied to achieve systemic effects after absorption through the skin into the
blood circulation. Local action can occur at or on the surface of the application site (e.g.,
stratum corneum, ocular epithelium), in the underlying tissues (e.g., epidermis and/or dermis),
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and on subcutaneous tissues (e.g., muscle or joint). 
Topically applied drug products include but are not restricted to creams, gels, ointments,
pastes, suspensions, lotions, foams, sprays, aerosols, solutions, and transdermal delivery
systems (TDS, also known as patches). The definitions and descriptions of these dosage forms,
and brief information on their composition and/or manufacturing process, can be found in

Pharmaceutical Dosage Forms 1151 . 
Procedures and acceptable criteria for testing topically applied drug products can be divided
into those that assess general product quality attributes and those that assess product
performance. The product quality attributes include the following: description, identification,
assay (strength), impurities, physicochemical properties, uniformity of dosage units, water
content, pH, apparent viscosity, microbial limits, antimicrobial preservative content, antioxidant
content, sterility (if applicable), and other tests that may be product-specific. Product
performance testing assesses drug release and other attributes that affect drug release from
the finished dosage form. 
Although most topically applied drug products are semisolids, liquids, or suspensions, TDS are
physical devices that are applied to the skin and vary in their composition and method of
fabrication. TDS release their active ingredients by different mechanisms. They can be passive
or active. This chapter covers only the tests related to passive TDS.

PRODUCT QUALITY TESTS FOR TOPICALLY APPLIED DRUG PRODUCTS

Universal Tests

Universal tests (see ICH Guidance Q6A—Specifications: Test Procedures and Acceptance
Criteria for New Drug Substances and New Drug Products: Chemical Substances, available at
www.ich.org) are listed as follows and are applicable to all topically applied drug products.

Description: A qualitative description of the drug product should be provided. The acceptance
criteria should include the final acceptable appearance of the finished dosage form and
packaging. A visual examination should identify changes in color, adhesive migration (i.e., cold
flow) for TDS, separations, crystallization, etc., that are specific to the drug product. The
description should specify the content or the label claim of the article. This is not a compendial
test but is part of the manufacturer's specification for the drug product.

Identification: Identification tests are discussed in General Notices and Requirements, 5.40.
Identification tests should establish the identity of the drug or drugs present in the article and
should discriminate between compounds of closely related structures that are likely to be
present. Identity tests should be specific for the drug substance(s) (e.g., infrared
spectroscopy). Near infrared (NIR) or Raman spectrophotometric methods also could be

acceptable for the identification of the drug product (see Near-Infrared Spectroscopy 1119

and Raman Spectroscopy 1120 ). Identification solely by a single chromatographic retention
time is not specific.

Assay: A specific and stability-indicating test should be used to determine the strength
(content) of the drug product. In cases when the use of a nonspecific assay (e.g., Titrimetry 

541 ) is justified, other supporting analytical procedures should be used to achieve overall
specificity.
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Impurities: Process impurities, synthetic by-products, impurities associated with the adhesive

(e.g., residual monomers), residual solvents (see Residual Solvents 467 ), heavy metals (see

Heavy Metals 231 ), and other inorganic and organic impurities may be present in the drug
substance and excipients used in the manufacture of the drug product, and should be assessed
and controlled. Impurities arising from the degradation of the drug substance and those arising
during the manufacturing process of the drug product should also be assessed and controlled.

Specific Tests

In addition to the universal tests previously listed, the following specific tests should be
considered on a case-by-case basis.

Uniformity of dosage units: This test is applicable for TDS and for dosage forms packaged in

single-unit containers (see Uniformity of Dosage Units 905 ).

Water content: A test for water content should be included when appropriate (see Water

Determination 921 ). This test is generally formulation dependent. Therefore, it is not
included in the compendial drug product monograph but is part of the manufacturer's
specification for the drug product.

Microbial limits: Microbial examination of nonsterile drug products is performed according to
the methods given in general chapters Microbiological Examination of Nonsterile Products:

Microbial Enumeration Tests 61  and Microbiological Examination of Nonsterile Products:

Tests for Specified Microorganisms 62 , unless the formulation itself is demonstrated to have
antimicrobial properties. Acceptance criteria for nonsterile pharmaceutical products based on
total aerobic microbial count (TAMC) and total combined yeasts and molds count (TYMC) are
given in Microbiological Examination of Nonsterile Products: Acceptance Criteria for

Pharmaceutical Preparations and Substances for Pharmaceutical Use 1111 .

Antimicrobial preservative content: Acceptance criteria for antimicrobial preservative
content in multidose products should be established. They should be based on levels of
antimicrobial preservative necessary to maintain the product's microbiological quality at all

stages throughout its proposed usage and shelf life (see Antimicrobial Effectiveness Testing 

51 ).

Antioxidant content: If antioxidants are present in the drug product, tests of their content
should be established unless oxidative degradation can be detected by another test method
such as impurity testing. Acceptance criteria for antioxidant content should be established.
They should be based on the levels of antioxidant necessary to maintain the product's stability
at all stages throughout its proposed usage and shelf life.

Sterility: Depending on the use of the dosage form (e.g., ophthalmic preparations, products
that will be applied to open wounds or burned areas), sterility of the product should be

demonstrated as appropriate (see Sterility Tests 71 ).

pH: When applicable, topically applied drug products should be tested for pH at the time of
batch release and at designated stability time points for batch-to-batch monitoring. Because
some topically applied drug products contain very limited quantities of water or aqueous phase,
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pH measurements may not always be warranted. This test is generally formulation dependent.
Therefore, it is not included in the compendial drug product monograph but is part of the
manufacturer's specification for the drug product.

Particle size: The particle size of the active drug substance(s) in topically applied drug
products is usually determined and controlled at the formulation development stage. However,
topically applied drug products should be examined for evidence of particle size alteration (i.e.,
appearance of particles; changes in particle form, size, shape, habit, or aggregation) of the
active drug substance that may occur during the course of product processing and storage.
Such examinations should be conducted at the time of batch release and at designated
stability test time points for batch-to-batch monitoring because changes that are visually
(macro- and microscopically) observable would likely compromise the integrity and/or
performance of the drug product. These types of tests are generally formulation dependent.
Therefore, such tests are not included in compendial monographs but are part of the
manufacturer specification for the drug product.

SPECIFIC TESTS FOR OPHTHALMIC DRUG PRODUCTS

Ophthalmic dosage forms must meet the requirements of 71 . If the specific ingredients used
in the formulation do not lend themselves to routine sterilization techniques, ingredients that

meet the sterility requirements described in 71 , along with aseptic manufacture, may be
used. Multiple-use ophthalmic preparations must contain a suitable substance or mixture of
substances to prevent growth of, or to destroy, microorganisms accidentally introduced during

the use of the product (see Added Substances in Ophthalmic Ointments 771 ), unless
otherwise directed in the individual monograph or unless the formula itself is bacteriostatic
and/or the delivery system promotes bacteriostasis. The finished ophthalmic preparation must
be free from large particles and must meet the requirements for Leakage and for Metal Particles

in 771 . The immediate containers for ophthalmic preparations shall be sterile at the time of
filling and closing. It is mandatory that the immediate containers for ophthalmic preparations be
sealed and tamper-proof so that sterility is ensured at the time of first use.

Change to read:

SPECIFIC TESTS FOR TOPICALLY APPLIED SEMISOLID DRUG PRODUCTS

Apparent Viscosity

Viscosity is a measure of a formulation’s resistance to flow and is an assessment of the
rheological properties of the dosage form (e.g., semisolid dosage form). Because only
Newtonian fluids possess a measurable viscosity that is independent of shear rate, semisolid
pharmaceutical dosage forms that are non-Newtonian products exhibit an apparent viscosity. 
The apparent viscosity of semisolid drug products should be tested at the time of batch release
and initially at designated stability test time points to set specifications for batch-to-batch and
shelf life monitoring. Measurement procedures should be developed as outlined in Viscosity—

Capillary Viscometer Methods 911 . For semisolids that show thixotropy and/or irreversible
changes in viscosity after shearing, specific attention should be given to sample preparation
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procedures to minimize variability in the measurement of apparent viscosity caused by variable
shear histories (e.g., mixing speed and temperature, filling operation, sample handling).
Furthermore, for some products it may be warranted to have apparent viscosity specifications
at more than one set of conditions (e.g., bulk in-process stage, final packaged product, high
and low shear rates, different temperatures). 
Apparent viscosity specifications based on data obtained during product development and shelf
life testing should be established for batch release and throughout the proposed shelf life. 
The apparent viscosity test is formulation and/or process dependent. Therefore, it is not
included in compendial drug product monographs but is part of the manufacturer’s specification
for the drug product. Furthermore, the specifications for apparent viscosity of semisolid dosage
forms at batch release and during stability testing may be different. Although the apparent
viscosity of the finished drug product at the time of batch release must conform to the product
development specifications, for stability testing, the apparent viscosity specifications for the
drug product should be based on statistical assessment of the product over its shelf life.

Uniformity in Containers

Topically applied semisolid drug products may show physical separation during manufacturing
processes and during their shelf life. To ensure the integrity of the drug product, it is essential
to evaluate the uniformity of the finished product at the time of batch release and throughout
its assigned shelf life.

PRODUCTS PACKAGED IN TUBES

Within-tube content uniformity can be assessed in the following manner. 
Carefully remove or cut off the bottom tube seal and make a vertical cut from the bottom to
the top of the tube. Carefully cut the tube around the upper rim, open the two flaps, and lay
the flaps open to expose the product. 
Inspect the product visually for the presence of phase separation, change in physical
appearance and texture, and other properties described in the product test for Description. If
there is no observable phase separation or change in physical appearance and texture, and if
the product meets the Description acceptance criteria, proceed as described in the following
sections. If the product exhibits phase separation and/or change in physical appearance or
texture, the product fails the tube content uniformity test. 
The procedures described as follows can be modified depending on the sensitivity of the
quantitative procedure used to assay
determine the amount of

the drug substance(s) present in the formulation.

For multiple-dose products that contain 5 g or more

Procedure 1

1. Using a single tube, after visually inspecting the product, remove an appropriate amount
of product from the top, middle, and bottom portions of the tube. The sample size
should be sufficient for at least one assay determination of the active ingredient(s).
Carry out the assay test for the active ingredient(s) in each portion of the product
quantitative determination of the active ingredient(s). Determine the amount of the

active ingredient(s) in each portion of the product using any appropriate validated
quantitative procedure,

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

PF 39(3): May-Jun. 2013 14



and evaluate the test results using Acceptance criteria A.
2. If the product fails Acceptance criteria A, test three additional tubes from the same

batch following step 1 described above, and evaluate all 12 test results using
Acceptance criteria B.

Procedure 2

1. Using two tubes, after visually inspecting the product, remove an appropriate amount of
product from the top, middle, and bottom portions of each tube. The sample size should
be sufficient for at least one assay determination of the active ingredient(s). Carry out
the assay test for the active ingredient(s) in each portion of the tube
quantitative determination of the active ingredient(s). Determine the amount of the

active ingredient(s) in each portion of the tube using any appropriate validated
quantitative procedure,
and evaluate the test results using Acceptance criteria A.

2. If the product fails Acceptance criteria A, test two additional tubes from the same
batch following step 1 described above, and evaluate all 12 test results using
Acceptance criteria B.

For multiple-dose products that contain less than 5 g of product

1. Test the top and bottom portions of two tubes using Procedure 1 or Procedure 2 as
described above. Evaluate the test results using Acceptance criteria A.

2. If the product fails Acceptance criteria A, test two additional tubes from the same
batch following step 1 described above, and evaluate all eight test results using
Acceptance criteria B.

Tube (container) content uniformity test acceptance criteria: In determining the relative
standard deviation (RSD) from multiple tubes, first determine the variance from the three
measurements for each tube and average across the tubes. The RSD is calculated using this
average variance.

Acceptance criteria A—All assay results are within the range of 90%–110% of the product label
claim
All results are within the product assay range,

and the RSD is NMT 6% or as specified in the product specification or in the compendial
monograph. If the RSD is greater than 6%, use Acceptance Criteria B.

Acceptance criteria B—No assay result is outside the range of 90%–110% of the product label
claim
All results are within the product assay range,

and the RSD of the 12 assay results is NMT 6% or as specified in the product specification or in
the compendial monograph.

PRODUCTS PACKAGED IN CONTAINERS OTHER THAN TUBES

For semisolid products packaged in a container other than a tube when the sampling method
presented previously cannot be used, other sampling methods are acceptable, such as the
following one described for a jar.

1. Select a suitable syringe of sufficient length to extend to the bottom of the container.

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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2. Remove and set aside the syringe plunger, and cut off the bottom of the syringe barrel.
Sampling should take place from a location to the left/right of the mid-line of the jar
surface to preserve an undisturbed region on the other side for any additional
investigation (see Figure 1).

Figure 1. Sampling from a jar container.
3. Slowly push the syringe barrel into the container until it reaches the bottom. Then,

twist the syringe barrel containing the sample core, and remove the syringe from the
container.

4. Insert the syringe plunger into the barrel, and carefully extrude the sample core onto a
clean surface in three equal portions to represent the top, middle, and bottom portions
of the container.

5. Remove an appropriate sample representative of the middle section of the top, middle,
and bottom portions of the container samples, and test according to the instructions
outlined in Products Packaged in Tubes.

SPECIFIC TESTS FOR TRANSDERMAL DELIVERY SYSTEMS

TDS or patches are formulated with an adhesive layer to ensure intimate contact with the skin
to allow the delivery of the desired dose of drug. Adhesives in TDS must permit easy removal of
the release liner before use, must adhere properly to human skin upon application, must
maintain adhesion to the skin during the prescribed period of use, and must permit easy removal
of the TDS at the end of use without leaving a residue or causing damage to the skin or other
undesirable effect(s). Additionally, adhesives must be able to maintain the performance of the
TDS throughout the shelf life of the drug product. 
Three types of TDS adhesion tests are generally used: peel adhesion test (from a standard
substrate), release liner peel test, and tack test. 
Acceptance criteria are product-specific and defined to assure that adhesion of each batch of
TDS is within the range defined by the product design and is consistent between batches
based on the product development specifications or statistical assessment of multiple product
batches over the product's shelf life.

Peel Adhesion Test

This test measures the force required to remove (peel away) a TDS attached to a standard
substrate surface (e.g., polished stainless steel). The TDS is applied to the substrate using
specified techniques for application and is conditioned at a specified temperature and time.
Then, the TDS is peeled away from the substrate with an instrument that allows control of peel
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angle (e.g., 90 or 180 degrees) and peel rate (e.g., 300 mm/min), and the peel force is
recorded. This procedure is repeated using a minimum of five independent samples. The product
fails the test if the mean peel force is outside the acceptable range determined during product
development and/or based on statistical assessment of multiple product batches over the
product's shelf life.

Release Liner Peel Test

This test measures the force required to separate the release liner from the adhesive layer of
the TDS. The test is performed with a finished product sample. The test sample is conditioned
using specific procedures (temperature and time). Then, the release liner is pulled away from
the TDS with an instrument that allows for control of peel angle (e.g., 90 or 180 degrees) and
peel rate, and the peel force is recorded. This procedure is repeated using a minimum of five
independent samples. The product fails the test if the mean peel force is outside the
acceptable range determined during product development and/or based on statistical
assessment of multiple product batches over the product's shelf life.

Tack Test

Several methods of tack tests have been developed. Examples include the Probe Tack Method
and the Rolling Ball Method. It is up to the TDS manufacturer to decide which one is more
appropriate for each drug product.

PROBE TACK METHOD

This test measures the force required to separate the tip of the test probe from the adhesive
layer of the TDS. This test uses an instrument designed to create a bond between the tip of
the stainless steel test probe (of defined geometry) and the TDS using a controlled force (light
pressure) and specified test conditions (i.e., rate, contact time, contact pressure,
temperature). Then, while controlling the rate of probe removal, the test measures the profile
of force required to separate the probe tip from the TDS and the maximum force required to
break the bond (tack). This procedure is repeated using a minimum of five independent
samples. The product fails the test if the mean test result (force profile(s) and/or tack) is
outside the acceptable range determined during product development and/or based on
statistical assessment of multiple product batches over the product's shelf life.

ROLLING BALL METHOD

This test measures the distance travelled by a defined ball on the adhesive layer of the TDS
under defined conditions, as a parameter dependent on the tack properties of the adhesive
layer. This test uses a setup designed to roll a ball (with defined material, weight, size, and
surface) from a ramp (with defined angle and length) onto the adhesive layer (with defined
orientation) under specified test conditions (temperature) (see ASTM D3121 for more details).
The distance traveled by the ball on the adhesive layer is measured using a suitable measuring
device. This procedure is repeated using a minimum of five independent samples. The product
fails the test if the mean distance travelled is outside the acceptable range determined during
product development and/or based on statistical assessment of multiple product batches over
the product’s shelf life.
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Leak Test

This test is applicable only for form-fill-seal (reservoir or pouched)-type TDS. Form-fill-seal TDS
must be manufactured with zero tolerance for leaks because of their potential for dose dumping
if leaking occurs. 
In-process control methods to examine TDS for leakers or potential leakers are needed and
require considerable development on the part of TDS manufacturers.

IN-PROCESS TESTING

During the manufacturing process, the presence of leakage (or potential for leakage) because
of TDS perforation, cuts, and faulty seals resulting from failures such as air bubbles, gel splash,
or misalignment of a TDS's backing and release liner layers, must be examined. Unless
automated process analytical technology is implemented, in-process testing to identify these
defects should be performed using the following test procedures.

Visual inspection

1. A specified number of TDS, defined based on the batch size, should be randomly
examined.

2. Each sampled TDS should be thoroughly visually inspected for leakage.
3. The product fails if any of the TDS examined are detected with a leak.

Seal integrity: Transdermal system seals should be stress tested to ensure that the
application of pressure does not force seals to open, thereby leading to leakage.

1. A specified number of TDS, defined based on the batch size, should be randomly
examined.

2. Each sampled TDS should be thoroughly visually inspected for leakage.
3. Each sampled TDS is placed on a hard, flat surface and overlaid with a weight so that it

is subjected to 13.6 kg. The weight should be left in place for 2 min. Upon removal of
the weight, the TDS should be visually inspected for leakage.

4. The product fails if the number of TDS detected with a leak is greater than the
acceptable limit established by the manufacturer.

Packaged product testing: TDS may leak after they have been individually placed in the
primary packaging material as a result of the packaging operation itself or by user opening of
the packaging. Therefore, TDS should be tested for leakage after they have been
manufactured and packaged in their primary packaging material.

1. A specified number of TDS, defined based on the batch size, should be randomly tested
after they have been placed in their primary packaging material.

2. The sampled TDS should be removed from their packaging and thoroughly visually
inspected for leakage.

3. Each sampled TDS should then be uniformly wiped with a solvent-moistened swab. Both
the backing side and the release liner side of the TDS should be wiped. The inside
surface of the pouch should also be wiped. The swab(s) is (are) then extracted and
assayed for the drug.

4. The product fails if the total amount of drug from the TDS, and the corresponding
pouch, exceed the acceptable limit established by the manufacturer.
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BRIEFING

Orlistat, USP 36 page 4595. On the basis of comments received, it is proposed to make the
following changes:

1. Revise Identification test A from Infrared Absorption 197M  to Infrared Absorption 

197K  to avoid the interference of mineral oil.
2. Revise the Flow rate and Split ratio in the test for Limit of Orlistat Related Compound B.
3. Revise the calculation of the percentage of orlistat related compound B in the test for

Limit of Orlistat Related Compound B to correct for the concentration difference
between the Sample solution and Spiked sample solution.

4. Delete orlistat related compound D from the System suitability solution in the test for
Organic Impurities because orlistat related compound D is quantified by the test for
Limits of Orlistat Related Compound D and Orlistat Open Ring Amide, and the
remaining requirements are adequate to evaluate system suitability for Organic
Impurities.

5. Correct the particle size for the Guard column, and add a column particle size for the
Analytical column in the test for Limit of Orlistat Related Compound E based on the
initial validation report.

6. Correct the chapter number in the Specific Rotation test.
7. Add the relevant chemical formula and molecular weight to the USP Reference

Standards 11  section to be consistent with the current USP style.

Minor editorial changes are made to be consistent with the current USP style. The comment
period for this revision ends on July 31, 2013. In the absence of negative comments, it is
proposed to implement this revision through an Interim Revision Announcement, with an
official date of November 1, 2013.

(SM2: H. Cai.)
Correspondence Number—C122486

Comment deadline: July 31, 2013
Orlistat

C29H53NO5       495.73 

l-Leucine, N-formyl-, 1-[(3-hexyl-4-oxo-2-oxetanyl)methyl]dodecyl ester, [2S-[2 (R*), 3 ]]-
;     
N-Formyl-l-leucine, ester with (3S,4S)-3-hexyl-4-[(2S)-2-hydroxytridecyl]-2-oxetanone    
[96829-58-2].

DEFINITION

Orlistat contains NLT 98.0% and NMT 101.5% of C29H53NO5, calculated on the anhydrous,
solvent-free basis.

PF 39(3): May-Jun. 2013 19



IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197M

Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

[Note—Avoid the use of plastic flasks for the preparation or containment of any solution in
this analysis.]

Mobile phase:  Acetonitrile, phosphoric acid, and water (860: 0.05: 140)
Standard solution:  0.5 mg/mL of USP Orlistat RS in Mobile phase. Inject immediately after

preparation or store at 5 .
Sample solution:  0.5 mg/mL of Orlistat in Mobile phase. Inject immediately after

preparation or store at 5 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 195
Column:  3.9-mm × 15-cm; 4-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of orlistat (C29H53NO5) in the portion of Orlistat taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Orlistat RS in the Standard solution (mg/mL)
CU= concentration of Orlistat in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–101.5% on the anhydrous, solvent-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Limit of Orlistat Related Compound A

Standard solution:  0.1 mg/mL of USP Orlistat Related Compound A RS in acetone

(IRA 1-Nov-2013)
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Sample solution:  50 mg/mL of Orlistat in acetone
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Toluene and ethyl acetate (4:1)
Detection solution:  Transfer 2.5 g of phosphomolybdic acid and 1 g of ceric sulfate into

a 100-mL volumetric flask, and dissolve in and dilute with methanol to volume.
Analysis 

Samples:  Standard solution and Sample solution 
Remove the plate, and air-dry it thoroughly. Spray the dried plate with Detection

solution, and place the plate in an oven at 120  for 30 min.
Acceptance criteria:  Any secondary spot from the Sample solution corresponding to

orlistat related compound A is not more intense than the corresponding spot from the
Standard solution (0.2%).

Change to read:
•  Limit of Orlistat Related Compound B

Standard solution:  0.025 mg/mL of USP Orlistat Related Compound B RS in methylene
chloride

Sample solution:  50 mg/mL of Orlistat in methylene chloride
Spiked sample solution:  50 mg/mL of Orlistat in Standard solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m fused silica, coated with a 0.25-µm G27 stationary phase
Temperatures 

Column:  See Table 1.

Injector:  270

Detector:  280

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final

Temperature
(min)

50 4 170 —
170 30 300 30

Carrier gas:  Helium
Flow rate:  30 mL/min
1 mL/min

Split ratio:  10:1
20:1

Injection volume:  2 µL
System suitability 

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 10.0%
Analysis 

Samples:  
Standard solution,

Sample solution, and Spiked sample solution

Calculate the percentage of orlistat related compound B in the portion of Orlistat taken:

Result = [rU/(rSP  rU)] × (CS/CT) × 100

Result = {rU/[rSP  rU × (CT/CU)]} × (CS/CU) × 100

rU = peak response of orlistat related compound B from the Sample solution
rSP = peak response of orlistat related compound B from the Spiked sample solution
CT = concentration of Orlistat in the Spiked sample solution (mg/mL)
CU= concentration of Orlistat in the Sample solution (mg/mL)

CS = concentration of USP Orlistat Related Compound B RS in the Standard solution (mg/mL)
Acceptance criteria:  NMT 0.05% of orlistat related compound B is found.

Change to read:
•  Organic Impurities
[Note—Avoid the use of plastic flasks for the preparation or containment of any solution in this

analysis.]
Mobile phase, Standard solution, and Sample solution:  Prepare as directed in the

Assay.
System suitability solution:  10 µg/mL of USP Orlistat RS and 0.1 µg/mL of USP Orlistat

Related Compound C RS, and 0.25 µg/mL of USP Orlistat Related Compound D RS

in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 195 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Signal-to-noise ratio:  NLT 3 for the orlistat related compound C and orlistat related
compound D peaks
orlistat related compound C

Relative standard deviation:  NMT 10.0% for the orlistat peak
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity other than orlistat related compound A, orlistat

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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related compound B, orlistat related compound D, orlistat open ring amide, and orlistat
related compound E in the portion of Orlistat taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of orlistat from the Standard solution
CS= concentration of USP Orlistat RS in the Standard solution (mg/mL)
CU= concentration of Orlistat in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Formylleucinea 0.10 4.0 0.2
Orlistat related compound C 0.13 33 0.05
Orlistat open ring epimerb 0.44 1.0 0.2
Orlistat related compound Dc 0.90 — see Table 3
Orlistat open ring amided,c 0.90 — see Table 3
Orlistat 1.00 — —

d-Leucine orlistate 1.18 1.0 0.2
Individual unidentified impurity — 1.0 0.1
Total impuritiesf — — 1.0

a  N-Formyl-l-leucine.
b  (2S,3R,5S)-5-[(S)-2-Formylamino-4-methyl-pentanoyloxy]-2-hexyl-3-hydroxy-

hexadecanoic acid.
c  Coelutes in this LC system, determined using Limits of Orlistat Related Compound D and

Orlistat Open Ring Amide.
d  N-Formyl-l-leucine (S)-1-[(2S,3S)-2-hydroxy-3-[1-phenyl-R-ethylcarbomoyl]nonyl]-

dodecyl ester.
e  N-Formyl-d-leucine (S)-1-[[(2S,3S)-3-hexyl-4-oxo-2-oxetanyl]methyl]dodecyl ester or

enantiomer.
f  Sum of results obtained in the tests for Limit of Orlistat Related Compound A, Limit of

Orlistat Related Compound B, Organic Impurities, Limits of Orlistat Related Compound D
and Orlistat Open Ring Amide, and Limit of Orlistat Related Compound E.

Change to read:
•  Limits of Orlistat Related Compound D

and Orlistat Open Ring Amide
Mobile phase:  Methanol and water (830:170)
System suitability solution:  4 mg/mL of USP Orlistat RS and 2.4 µg/mL of USP Orlistat

Related Compound D RS in acetonitrile, respectively
Standard solution:  5.0 mg/mL of USP Orlistat RS in acetonitrile
Sample solution:  5.0 mg/mL of Orlistat in acetonitrile
Chromatographic system  

(IRA 1-Nov-2013)
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  205 nm
Column:  4.0-mm × 25-cm; 5-µm packing L7
Flow rate:  0.6 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Signal-to-noise ratio:  NLT 3 for the orlistat related compound D peak
Relative standard deviation:  NMT 10.0% for the orlistat peak

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of each impurity
orlistat related compound D and orlistat open ring amide

in the portion of Orlistat taken:

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

rU= peak response for each individual impurity
of orlistat related compound D or orlistat open ring amide

from the Sample solution
rS= peak response of orlistat from the Standard solution
CS= concentration of USP Orlistat RS in the Standard solution (µg/mL)
CU= concentration of Orlistat in the Sample solution (µg/mL)
F= relative response factor (see Table 3)

Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Orlistat related compound D 0.94 1.0 0.2
Orlistat 1.00 — —
Orlistat open ring amidea 1.25 4.3 0.1

a  N-Formyl-l-leucine (S)-1-[(2S,3S)-2-hydroxy-3-[1-phenyl-R-ethylcarbomoyl]nonyl]-
dodecyl ester.

Change to read:
•  Limit of Orlistat Related Compound E

Buffer:  0.4 N borate solution, adjusted to a pH of 10.2
Derivatizing agent:  o-Phthalaldehyde (OPA) solution. [Note—If unable to obtain

commercially, the Derivatizing agent can be prepared as 1% each of 3-mercaptopropionic
acid and o-phthalaldehyde in 0.4 M borate buffer solution.]

Solution A:  Transfer 4.1 g of sodium acetate trihydrate and 40 mg of
ethylenediaminetetraacetic acid (EDTA) into a 1-L volumetric flask. Dissolve in 950 mL of
water, and adjust with 0.1 N sodium hydroxide to a pH of 7.2. Dilute with water to
volume, add 2.5 mL of tetrahydrofuran, and mix. Filter, and degas.

Solution B:  Transfer 2.7 g of sodium acetate trihydrate and 40 mg of EDTA into a 1-L

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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volumetric flask. Dissolve in 200 mL of water, and adjust with 0.1 N sodium hydroxide to a
pH of 7.2. Add 800 mL of acetonitrile, filter, and degas.

Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 96.7 3.3
20 60 40
24 0 100
38 0 100
38 96.7 3.3
45 96.7 3.3

Standard solution:  Transfer a weighed quantity of about 0.2 mg of USP Orlistat Related
Compound E RS into a 20-mL headspace vial. Add 10 mL of 4 N sodium hydroxide, and

close the vial. Heat the vial to 100  for 1 h, then allow to cool to room temperature.
Transfer 2 mL of the resulting solution into a 50-mL volumetric flask, and dilute with water
to volume. To 0.5 mL of this solution add 2.0 mL of Buffer and 0.5 mL of Derivatizing
agent.

Sample solution:  Proceed as directed for the Standard solution, except use 25 mg of
Orlistat to replace the 0.2 mg of USP Orlistat Related Compound E RS.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Fluorescence 340 nm (excitation); 450 nm (emission)
Columns 

Guard:  2.1-mm × 2-cm; 50-µm
5-µm

packing L1
Analytical:  2.1-mm × 20-cm;
5-µm

packing L1
Flow rate:  0.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 6.0% for the orlistat related compound E peak
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of orlistat related compound E in the portion of Orlistat taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of orlistat related compound E from the Sample solution
rS= peak response of orlistat related compound E from the Standard solution

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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CS= concentration of USP Orlistat Related Compound E RS in the Standard solution (mg/mL)
CU= concentration of Orlistat in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.2% of orlistat related compound E is found.

SPECIFIC TESTS

Change to read:

Optical Rotation, Specific Rotation 781

•  Optical Rotation, Specific Rotation 781S
Sample solution:  30 mg/mL in dehydrated alcohol

Acceptance criteria:  Between 48.0  and 51.0 , at 20

•  Water Determination, Method Ic 921 : NMT 0.2%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in well-closed containers between 2  and 8 .

Change to read:

•  USP Reference Standards 11
USP Orlistat RS 
USP Orlistat Related Compound A RS  
(3S,4S)-3-Hexyl-4-[(2R)-2-hydroxytridecyl]-2-oxetanone.

C22H42O3      354.57

USP Orlistat Related Compound B RS  
Diisopropyl hydrazine-1,2-dicarboxylate.

C8H16N2O4      204.22

USP Orlistat Related Compound C RS  
Triphenylphosphine oxide.

C18H15OP      278.28

USP Orlistat Related Compound D RS  
N-Formyl-l-leucine (3S,4R,6S)-3-hexyl-2-oxo-6-undecyltetrahydro-2H-pyran-4-yl ester.

C29H53NO5      495.73

USP Orlistat Related Compound E RS  
N-Formyl (S)-isoleucine (S)-1-[[(2S,3S)-3-hexyl-4-oxo-2-oxetanyl]methyl]dodecyl ester.

C29H53NO5      495.73

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)

(IRA 1-Nov-2013)
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“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
 
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text

if slated for an IRA;
new text

if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 

2S (USP 34) indicates that the proposed revision is slated for the Second Supplement to USP 34,
and 
USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

121.1  Physicochemical Analytical Procedures for Insulins. The USP Insulin Expert Panel
and Monographs—Biologics and Biotechnology 1 Expert Committee propose this new general
test chapter. Peptide Mapping and the Limit of High Molecular Weight Proteins methods are
referenced in many USP Insulin monographs. The intent of this chapter is to present the
Limit of High Molecular Weight Proteins method common to Insulin monographs and a general
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peptide mapping procedure suitable for Insulin Human and insulin human analogues. Because
there are some procedural differences in peptide mapping methods between the various
insulin analogues, the specific instructions that deviate from the method presented in this
chapter will be retained in the respective insulin monographs.

(BIO1: M. Crivellone.)
Correspondence Number—C120152

Comment deadline: July 31, 2013

Add the following:

121.1  PHYSICOCHEMICAL ANALYTICAL PROCEDURES FOR INSULINS

INTRODUCTION

Several physicochemical procedures are used for the assessment of the quality attributes of
Insulin Human and various insulin analogues, hereafter called insulins. Of these procedures,
peptide mapping and determination of high molecular weight proteins are similar for the various
insulin drug substances and drug products. This chapter describes the tests for peptide
mapping and for quantitative analysis of high molecular weight proteins that can be used for
the various insulins. 
Specific instructions that deviate from the general procedures outlined here are given in the
respective drug substance or drug product monographs for the different insulins.
PEPTIDE MAPPING  

Insulin digestion is performed using Staphylococcus aureus strain V8 (S. aureus V8) protease,
a serine endoproteinase that cleaves at the C-terminal side of glutamyl and aspartyl residues
in phosphate buffer at pH 7.8. This protease is specific for Glu-C digestion in ammonium
bicarbonate or other non-phosphate–containing buffers at pH 7.8. The presence of proline on
the carboxy side of the peptide bond inhibits cleavage. The buffer system used should cleave
all glutamyl bonds in insulin without cleavage of the aspartyl bonds. In general, insulin is
digested into four peptides in the buffer system described in the Sample solution below. 
The following show the amino acid differences of the insulin analogues compared to Insulin
Human and the in silico differences in the fragments obtained upon digestion with S. aureus
V8. 
Figure 1 shows the four fragments of Insulin Human following digestion with S. aureus V8
protease.

Figure 1. Insulin Human: S. aureus V8 protease digest fragments.

Table 1 shows the amino acid differences between insulin analogues and Insulin Human.

Table 1. Amino Acid Differences between Insulin Analogues and Insulin Human

Insulin Analogue Amino Acid Differences from Insulin Human

Insulin Aspart B28 Asp
Insulin Glargine A21 Gly, two Arg added to C-terminus of B chain
Insulin Glulisine B3 Lys, B29 Glu
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Insulin Lispro B28 Lys, B29 Pro

Table 2 shows specific S. aureus V8 protease digest fragments of insulin analogues. Amino
acid differences compared to Insulin Human are highlighted.

Table 2. Amino Acid Differences: Insulin Human and Analogues (Differences with Insulin
Human Are Shown in Boldface)

Insulin Analogue Amino Acid Differences Compared to Insulin Humana

Insulin Aspart Fragment III(B22) Arg-Gly-Phe-Phe-Tyr-Thr-Asp-Lys-Thr (B30)

Insulin Glargine
Fragment II(A18) Asn-Tyr-Cys-Gly (A21)
Fragment III(B22) Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Thr-Arg-Arg (B32)

Insulin Glulisine
Fragment I (B1) Phe-Val-Lys-Gln-His-Leu-Cys-Gly-Ser-His-Leu (B11)
Fragment III(B22) Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Glu-Thr (B30)

Insulin Lispro Fragment III(B22) Arg-Gly-Phe-Phe-Tyr-Thr-Lys-Pro-Thr (B30)

a  A and B denote the A and B chains of insulin, respectively; numbers denote amino acid
position in the chain.

•  Peptide Mapping Procedure 
The following procedure is applicable for preparing peptide maps of Insulin Human and insulin
analogues.
HEPES buffer:  Dissolve 2.38 g of HEPES (N-2-hydroxyethylpiperazine-N¢-2-ethanesulfonic

acid) in about 90 mL of water in a 100-mL volumetric flask. Adjust with 5 M sodium
hydroxide to a pH of 7.5, dilute with water to volume, and mix.

Sulfate buffer:  2.0 M ammonium sulfate and 0.5 M sulphuric acid (1:1). Mix, and filter.
•  Insulin Digestion 

The following procedure provides efficient cleavage of the glutamyl bonds of insulin. [Note
—Volumes up to 20-fold higher can be used as long as the ratio of the solutions remains the
same.]
Enzyme solution:  Prepare a 1-mg/mL solution of S. aureus V8 protease in water

(approximately 500 units/mg).
Sample solution:  Prepare a 2.0-mg/mL solution of the insulin to be examined in 0.01 N

hydrochloric acid. To a clean vial add 25 µL of the 2.0-mg/mL insulin solution, 100 µL of
HEPES buffer, and 20 µL of Enzyme solution (final ratio is 25:100:20). Cap the vial, and

incubate at 25  for 6 h. Stop the reaction by adding an equal volume of Sulfate buffer.
Longer incubation times may be needed for analogues with poor solubility at pH 7.5.

Standard solution:  Prepare at the same time and in the same manner a solution of the
appropriate USP Insulin Reference Standard as directed for the Sample solution.

•  Peptide Fragment Determination 
Determine the peptide fragments using the following peptide-mapping procedure (see

Biotechnology-Derived Articles—Peptide Mapping 1055 ).
Solution A:  Acetonitrile, water, and Sulfate buffer (100:700:200). Filter, and degas.
Solution B:  Acetonitrile, water, and Sulfate buffer (400:400:200). Filter, and degas.
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)
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0 95 5
3 95 5
30 41 59
35 20 80
40 95 5
50 95 5

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  50–100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Chromatogram comparability:  In the chromatogram obtained from the Standard
solution, identify the peaks due to digest fragments I, II, III, and IV. The
chromatogram of the Standard solution corresponds to that of the typical
chromatogram provided with the appropriate USP Insulin Reference Standard.

Tailing factor:  NMT 1.5
Resolution:  There should be complete separation of the peaks due to fragments II and

III. The resolution is defined in the applicable insulin monograph.
Analysis 

Samples:  Standard solution and Sample solution 
Condition the Chromatographic system by running at initial conditions, t = 0 min, for at
least 15 min. Carry out a blank gradient program before injecting the digests. Separately
inject equal volumes of the Standard solution and the Sample solution, and record the
responses of each peak.

Acceptance criteria:  The chromatographic profile of the Sample solution corresponds to
that of the Standard solution.

LIMIT OF HIGH MOLECULAR WEIGHT PROTEINS 
•  Procedure

Solution A:  1 mg/mL of l-arginine in water
Mobile phase:  Solution A, acetonitrile, and glacial acetic acid (65:20:15). Filter, and

degas.
Resolution solution:  To obtain insulin with more than 0.4% high molecular weight proteins,

store a suitable amount of insulin drug substance at room temperature for 5–10 days.
Prepare a 4-mg/mL solution in 0.01 N hydrochloric acid. Store the solution in a refrigerator,
and use within 7 days. Alternatively, dissolve about 4 mg of USP High Molecular Weight
Insulin Human RS in 1 mL of 0.01 N hydrochloric acid.

Sample solution:  In a small vial, prepare a 4-mg/mL solution of insulin in 0.01 N
hydrochloric acid, and mix to dissolve. Store in a refrigerator, and use within 7 days.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 276 nm
Column:  7.8-mm × 30-cm; 5- to 10-µm packing L20
Temperatures 

Column:  Ambient
Autosampler:  It is advisable to use a refrigerated autosampler.

Flow rate:  0.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Resolution solution
Suitability requirements 

Retention times:  Between 13 and 17 min for the polymeric insulin complexes, about
17.5 min for the covalent insulin dimer, and between 18 and 22 min for the insulin
monomer, with salts eluting after the insulin monomer

Peak-to-valley ratio:  The ratio of the height of the covalent insulin dimer peak to the
height of the valley between the covalent insulin dimer peak and the insulin monomer
peak is NLT 2.0.

Analysis 
Sample:  Sample solution 

Disregard any peaks having retention times greater than that of the insulin monomer. 
Calculate the percentage of high molecular weight proteins in the portion of Insulin
taken:

Result = 100 × SrH/(SrH + rM)

SrH= sum of the responses of all peaks having retention times less than that of the insulin
monomer

rM= peak response of the insulin monomer
Acceptance criteria:  As stated in the applicable insulin monograph

BRIEFING

123  Glucagon Bioidentity Tests, USP 36 page 123. In response to public requests, the
following changes are proposed:

1. The suggested rat weight of 300 g has been widened to a range of 300–400 g which
has been found suitable and may decrease the number of animals required to obtain
sufficient hepatocytes.

2. A Note has been added to the System suitability section in Glucose Determination
indicating that potassium ferrocyanide solutions are only appropriate for glucose
analyzers that measure glucose oxidase activity.

3. The incubation temperature of 35  in Glucose Determination, Procedure has been

widened to a suitable range of 30 –35 .
4. The Calculations section has been clarified to state that the unitless relative potency is

calculated first and then potency calculated based on the relative potency and the
USP rGlucagon RS.

(BB1: M. Kibbey.)
Correspondence Number—C117005

1S (USP37)
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Comment deadline: July 31, 2013

123  GLUCAGON BIOIDENTITY TESTS

DEFINITION

Glucagon is a polypeptide hormone that increases blood glucose levels via release of liver
glycogen stores and is clinically used to treat hypoglycemia. Human, porcine, and bovine
glucagon share an identical 29 amino acid sequence. Commercially available Glucagon was
previously purified from bovine and porcine pancreas glands. Today, human glucagon is
recombinantly produced (rGlucagon) with various microbial fermentation systems using the
human amino acid sequence. The USP–NF Glucagon for Injection monograph defines glucagon
identification tests. Glucagon bioidentity must be determined using a validated bioassay method
approved by a competent authority. The bioassay must demonstrate that the manufacturing
process produces Glucagon that has a biologic activity of NLT 0.80 USP Unit/mg of glucagon.
This chapter describes a validated glucagon bioidentity test that measures glucose released
from freshly prepared rat liver cells (hepatocytes) stimulated with Glucagon in vitro.

ASSAY

Change to read:
•  Primary Liver Cell Assay
[Note—All buffers are oxygenated, prepared with either Sterile Water for Injection or Sterile

Water for Irrigation, warmed to 37 , and adjusted to a final pH of 7.4 unless otherwise
indicated. At least two independent assays (replicates) must be performed utilizing two rat
livers for each lot of Glucagon. Figure 1 demonstrates the process used to generate one
replicate value. A minimum of two replicates are combined according to the Calculations
section. The concentration range of the Standard preparations and Assay preparations
may be modified to fall within the linear range of the Assay, and the calculations can be
adjusted accordingly. Alternatively, full curve analysis using validated nonlinear statistical
methods can be used, provided that similarity is demonstrated when analysts compare the
responses of the Standard preparations and Assay preparations.]

Figure 1. Rat hepatocyte assay method flow diagram (RS = Reference Standard).
Hepatocyte Preparation 
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Calcium-free perfusion buffer with dextrose:  Prepare a solution containing 7.92 g/L of
sodium chloride, 0.35 g/L of potassium chloride, 1.80 g/L of dextrose, 0.19 g/L of edetic
acid (EDTA), and 2.38 g/L of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES). Oxygenate before use.

Collagenase buffer:  Prepare a solution containing 3.62 g/L of sodium chloride, 23.83 g/L
of HEPES, 0.35 g/L of potassium chloride, 0.52 g/L of calcium chloride, and 1.8 g/L of
dextrose. Adjust to a pH of 7.6. Immediately before perfusion, dissolve a quantity of
collagenase in this solution to obtain a concentration of 0.02%–0.05%. The exact
concentration of collagenase is determined empirically for each new lot of enzyme and is
the amount that can consistently dissociate the tissue within 10 min of buffer entry and
produce a viable cell concentration of NLT 3 × 106 cells/mL.

Wash buffer:  Prepare a solution containing 7.92 g/L of sodium chloride, 0.35 g/L of
potassium chloride, 0.19 g/L of EDTA, 2.38 g/L of HEPES, 0.11 g/L of calcium chloride,
and 0.06 g/L of magnesium sulfate.

Incubation buffer:  Prepare a solution containing 6.19 g/L of sodium chloride, 0.35 g/L of
potassium chloride, 0.22 g/L of calcium chloride, 0.12 g/L of magnesium sulfate, 0.16 g/L
of monobasic potassium phosphate, 11.915 g/L of HEPES, and 10 g/L of bovine serum
albumin (1% BSA). Adjust to a pH of 7.5.

Test animals:  Male Sprague-Dawley rats are maintained on a standard rat chow diet,
given water ad libitum, and allowed to adjust to their new housing before testing. On
the morning of the test, select a healthy rat weighing approximately 300 g
300–400 g,

and administer 100 Units of Heparin Sodium subcutaneously.
Procedure:  [Note—Conduct this procedure in the morning to ensure that the rat has

optimal glycogen in its liver and so that the procedure can be completed in one day.]
Anesthetize the rat with an appropriate anesthetic. Open the abdominal cavity, and
isolate the portal vein. Insert an angiocatheter and tie into the portal vein at the
general location of the lienal branch and then connect to a perfusion pump. Start the
perfusion (25 mL/min) in situ with the previously warmed, oxygenated, Calcium-free
perfusion buffer with dextrose. As the liver enlarges, cut the inferior vena cava to allow
pressure equilibrium. [Note—About 300 mL of the perfusate is needed to clear the liver
of red blood cells at a flow rate of 25–60 mL/min.] Then circulate Collagenase buffer at
an appropriate flow rate so that the liver leaks perfusate out of the lobes in
approximately 10 min (typically 25–60 mL/min). When the liver significantly increases in
size, changes color and consistency, and starts to leak perfusate out of the lobes,
change the system to the oxygenated prewarmed Wash buffer. About 100 mL of Wash
buffer is needed to wash the liver of collagenase at a flow rate of 25 mL/min. Surgically
remove the liver from the animal, and place in a prewarmed Petri dish containing a small

amount of oxygenated Wash buffer (37 ). Gently comb the liver with a stainless steel,
fine-toothed comb to free the hepatocytes. Filter and wash the hepatocytes with Wash
buffer, through prewetted cheesecloth (3 layers thick, or through a 150-µm mesh
polyethylene net) into a beaker. Transfer the cells to two centrifuge tubes, and spin for
about 1 min at 600 rpm. Discard the supernatant fractions, and resuspend the two
pellets in Incubation buffer. Combine the two pellets in a suitable container, and add
sufficient Incubation buffer to make 150 mL.

System suitability of cell preparation:  The cell yield may vary because of the
collagenase activity and the viability of the hepatocytes. To check cell viability and to

1S (USP37)
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determine viable cell concentration, dilute a 100-µL aliquot of the cell suspension with
400 µL of Wash buffer and 500 µL of isotonic 0.4% trypan blue solution. Load aliquots of
the cell suspension into both chambers of a hemocytometer, and count all eight
quadrants. To meet system suitability of the cell preparation method, a viable cell
concentration of 3 × 106 cells/mL (acceptable range of 2.5 × 106 to 3.4 × 106 cells/mL)
must be obtained to proceed with the bioassay. If the viable cell concentration exceeds
the upper limit, additional Incubation buffer may be added to the cells to adjust the
concentration to 3 × 106 cells/mL. In this case, the cells are counted again in a
hemocytometer, as described above to verify the concentration. [Note—Viable cells are
those cells that exclude the trypan blue.]

Glucose Determination 
Negative control solution:  Prepare a solution containing 0.5% BSA using Sterile Water

for Injection or Sterile Water for Irrigation.
Incubation flasks:  Use specially prepared 25-mL conical flasks, the bottoms of which

have been heated and pushed inward to form a conically raised center, or similar flasks
that allow sufficient mixing when swirling. Place the Incubation flasks in an orbital shaker

water bath at 35 .
Standard preparations:  On the day of the assay, dissolve two vials of USP rGlucagon

RS, accurately measured, in 0.01 N hydrochloric acid or other suitable diluent (volume
based on the potency of the Reference Standard lot) to obtain two solutions each
containing 1 USP rGlucagon Unit/mL. All dilutions thereafter are made using Negative
control solution. Accurately dilute measured volumes of each solution with Negative
control solution to obtain an intermediate concentration of 400 µU/mL, and then dilute
the intermediate to produce five concentrations: 200, 100, 50, 25, and 12.5 µU/mL
(Standard preparations). Pipet 0.1 mL of each Standard preparation into separate
Incubation flasks. Pipet 0.1 mL of Negative control solution into each of two flasks
(Negative control solutions 1 and 2).

Assay preparations:  Using accurately weighed quantities of Glucagon samples, proceed
as directed for Standard preparations or, if testing Glucagon for Injection, reconstitute
10 vials by slowly adding the contents of the accompanying prefilled syringes containing
an appropriate glucagon diluent. Gently mix each vial until the glucagon is dissolved.
Using the same syringes, withdraw the contents of five vials, and place the solutions in
a 25-mL volumetric flask. Repeat for the second five vials, transferring the contents to a
second 25-mL volumetric flask. Dilute each flask with 0.01 N hydrochloric acid to
volume. Dilute an accurate amount of each solution with 0.5% BSA to yield a
concentration of 400 µU/mL, and dilute the intermediate to produce five Assay
preparation concentrations: 200, 100, 50, 25, and 12.5 µU/mL. Then proceed as
directed for the Standard preparations.

Reference stock solution:  Dry USP Dextrose RS, and then transfer 1.0 g, accurately
weighed, to a 100-mL volumetric flask. Dissolve in and dilute with saturated benzoic acid
solution to volume.

Reference solutions:  Transfer suitable quantities of Reference stock solution to four
flasks, and dilute with saturated benzoic acid solution to obtain Reference solutions
having concentrations of 100, 500, 1000, and 1500 mg/L.

Potassium ferrocyanide solution:  Dissolve 1.25 g of trihydrate potassium ferrocyanide
in 125 mL of Sterile Water for Injection, or use an appropriate commercial source.

System suitability:  Analyze the Potassium ferrocyanide solution, the Reference
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solutions, and an additional five replicates of either the 500- or 1000-mg/L Reference
solution in an appropriate glucose analyzer.
[Note—Potassium ferrocyanide solutions are only appropriate standards for glucose
analyzers that measure glucose oxidase activity. The procedure can also be performed
using alternative platforms.]

Prepare a standard curve using the Reference solutions as directed for the Standard
preparations. The square root of the residual error mean square from the regression
divided by the average of the response multiplied by 100% (line %RSD) must be NMT
2.0%. In addition, the response of the Potassium ferrocyanide solution must be NMT 30
mg/L, and the relative standard deviation must be NMT 2.0% for the replicate analyses
of the middle Reference solution.

Procedure:  Dispense 5 mL of Hepatocyte Preparation into the Incubation flasks in
sequence from high glucagon concentration to low glucagon concentration, alternating
the Standard preparations with the Assay preparations. Swirl the flasks in an orbiting

water bath at 125 rpm at 35

30 –35
for approximately 30 min. Following incubation, remove 1.0-mL aliquots from each

Incubation flask, transfer to labeled microcentrifuge tubes, and centrifuge at 13,000 rpm
for 15 s. Place each supernatant fraction in a labeled sampling tube for a glucose
analyzer, and determine the glucose concentration (mg/L) of each Standard preparation
and Assay preparation. Measure the background reading of Negative control solutions 1
and 2, and calculate the average of the two responses. 
To conform to the linear range of the instrument being used, analysts may find it
necessary to adjust by dilution each of the Standard preparations and Assay
preparations. Use a glucose analyzer that has demonstrated appropriate specificity,
accuracy, precision, and linear response over the range of concentrations being
determined. Determine the increase in glucose concentration for each Standard
preparation and Assay preparation compared to the average value of the Negative
control solution.

Calculations  
Calculate the relative potency of the Glucagon samples in USP Units/mL

using statistical methods for parallel-line assays, comparing the Reference Standard curve
(from the Standard preparations) to the Glucagon sample curve (from the Assay
preparations). No dose–response reversals may occur within a run for the 25-, 50-, or
100-µU/mL Standard preparations and Assay preparations. [Note—Either the low- or high-
dose level, but not both, may be excluded from the calculation in order to meet linearity
requirements.] Because a minimum of two valid assays (rats) are required, the estimated

potencies are combined using the procedures in Design and Analysis of Biological Assays 

111 , Combination of Independent Assays, and the width, L, of a 95% confidence interval
for the estimated logarithm of the relative potency is calculated. If L is NMT 0.1938, the
results are valid. If L is >0.1938, additional assays may be performed and combined until a
valid L term results, and the relative potency is then calculated from all valid independent
runs.
Calculate the potency of the Glucagon samples in USP rGlucagon Units/mg by multiplying
the relative potency result by the potency of USP rGlucagon RS.

It meets the requirement of bioidentity if the relative
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potency is NLT 0.80 USP rGlucagon Unit/mg.

ADDITIONAL REQUIREMENTS

•  USP Reference Standards 11
USP Dextrose RS 
USP rGlucagon RS 

BRIEFING

129  Analytical Procedures for Recombinant Therapeutic Monoclonal Antibodies. This
proposed new general chapter provides five analytical procedures for purity assessment and
oligosaccharide analysis of recombinant therapeutic monoclonal antibodies. To assess
system suitability for the proposed size variant and capillary electrophoresis procedures, a
new Reference Standard, USP Monoclonal IgG System Suitability RS, is proposed.

The isocratic liquid chromatographic procedure for Size-Exclusion Chromatography is based on
analyses performed with the Tosoh Bioscience brand of L59 column, 7.8-mm × 30-cm, 5-µm
TSK-GEL G3000SWxl. The liquid chromatographic procedure for Analysis of N-Linked
Oligosaccharides of Monoclonal Antibodies with fluorescence detection is based on analyses
performed with the Tosoh Bioscience brand of L68 column, 4.6-mm × 150-mm, 3-µm, TSK-
Amide-80. The liquid chromatographic procedure for the Sialic Acid Analysis is based on
analyses performed with the Dionex brand of L46 guard and analytical columns, CarboPac
PA10 4-mm × 50-mm, 10-µm and 4-mm × 25-cm, 10-µm, respectively.

(GCBA: A. Szajek.)
Correspondence Number—C119695

Comment deadline: July 31, 2013

Add the following:

129  ANALYTICAL PROCEDURES FOR RECOMBINANT THERAPEUTIC MONOCLONAL
ANTIBODIES

INTRODUCTION

This chapter provides analytical procedures for murine, chimeric, and humanized IgG isotype
monoclonal antibodies and subtypes (e.g., IgG1 and IgG2). Subclasses show differences in
amino acid sequence and in the number of disulfide bonds, and in some cases they require
subclass-specific analysis. This chapter applies to monoclonal antibodies for therapeutic and
prophylactic use and for use as in vivo diagnostics. It does not apply to monoclonal antibodies
used as reagents in the manufacture of medicinal products, for which applicable requirements
are determined by the appropriate regulatory agency. 
Naturally occurring polyclonal antibodies in serum or plasma can bind to many different targets
as part of the immune system. In contrast, therapeutic monoclonal antibodies for human use
are preparations of an immunoglobulin (or a fragment of an immunoglobulin) that have
specificity for a target and are derived from a single clone of cells. Therapeutic monoclonal
antibodies can bind to and neutralize soluble antigens, and their mechanism of action (MOA)
often involves blocking of the ligand from binding to its cognate receptor. Alternatively,
therapeutic monoclonal antibodies can recognize and bind to cell-bound antigens and in these
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cases may also engage the immune system through Fc (crystallizable fragment) mediated
effector functions as part of their MOA. Monoclonal antibodies that have a single defined
binding specificity are monospecific, whereas recombinantly engineered bispecific monoclonal
antibodies can bind to two different targets (e.g., antigens). IgG-type monoclonal antibodies
have a molecular weight of approximately 150 kD. Each molecule consists of two heavy and
two light polypeptide chains that have a molecular weight of approximately 50 and 25 kD,
respectively. Antibodies can be schematically represented as a Y joined by disulfide bridges,
where each arm of the Y is called the Fab domain, and the stem of the Y is called the Fc
domain. Monoclonal antibodies are glycoproteins that have a glycosylation site in the Fc portion
located on each of the heavy chains and have possible additional glycosylation sites in the Fab
domain, depending on the molecule. 
The specificity of a monoclonal antibody is based on its antigen binding site, which is located in
the Fab part of the molecule. The Fc domain contains receptor binding sites that are
associated with antibody effector functions that have sub-class–specific applications such as
antibody-dependent cellular cytotoxicity and complement-dependent cytotoxicity.
Pharmacokinetic effects via binding to the neonatal Fc receptor also are present in this domain.
Monoclonal antibodies are produced in cell culture using a seed lot system with master and
working cell banks. After harvest, purification steps ensure that product- and process-related
impurities are reduced to an acceptable level. 
Currently licensed monoclonal antibody therapeutics include those involved in the activation of
effector cells, cell killing, cross-linked induced apoptosis, antagonism against several targets,
and agonist antibodies. 
This chapter includes purity assessments by chromatographic separation of size variants,
capillary electrophoresis of charge variants, and analysis of oligosaccharides, and provides
validated procedures and associated performance criteria for each of these. 
Although this chapter is focused on IgG-type monoclonal antibodies, the principles of the tests
included can apply to other related molecules, such as IgM or other isotype antibodies,
antibody fragments, and Fc-fusion proteins. When the active substance is a conjugated
antibody, such tests can be performed on the purified antibody before modification or
conjugation.
• Size-Exclusion Chromatography

Mobile phase:  Prepare by mixing 10.5 g of dibasic potassium phosphate, 19.1 g of
monobasic potassium phosphate, and 18.6 g of potassium chloride per L of water. Verify

that the pH is 6.2 ± 0.1. Pass through a membrane filter of  0.45-µm or smaller pore
size.

System suitability solution:  Prepare a 10 mg/mL USP Monoclonal IgG System Suitability
RS solution in Mobile phase by reconstituting the contents of one vial with 200 µL of
Mobile phase. Reconstituted System suitability solution should be used within 24 h after

reconstitution, and should be stored at 2 –8  if not used immediately.
System suitability blank:  Use Mobile phase.
Sample solution:  Dilute the sample to 10 mg/mL in Mobile phase if dilution is required.

Similarly, a blank should be prepared using an equivalent dilution of formulation buffer in
Mobile phase.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
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Column:  7.8-mm × 30-cm; 5-µm packing L59
Temperatures 

Column:  Ambient

Autosampler:  Maintain at 2 –8
Flow rate:  0.5 mL/min
Injection volume:  20 µL
Run time:  30 min

System suitability 
Sample:  System suitability solution
Suitability requirements 

Chromatogram:  The chromatogram of the System suitability solution is consistent
with the typical chromatogram as illustrated in the USP Certificate for USP Monoclonal
IgG System Suitability RS.

Chromatogram similarity:  The chromatographic profiles of System suitability solution
injections that bracket injections of Sample solutions in a sample set are consistent
with each other and with the typical chromatographic profile as illustrated in the USP
Certificate for USP Monoclonal IgG System Suitability RS. All named peaks in the
typical chromatogram must be present and in the same elution order as that in the
System suitability solution chromatograms.

Quantitative criteria:  Bracketing System suitability solution injections must meet the
following quantitative criteria: 
The percent peak area of the high molecular weight species (HMWS) in the System
suitability solution must be 0.4%–0.6%. 
The percent peak area of the main peak in the System suitability solution must be
99.1%–99.5%. 
The percent peak area of the low molecular weight species (LMWS) in the System
suitability solution must be NMT 0.2%.

Analysis 
Samples:  Blank, System suitability solution, and Sample solution 

Injections of the Sample solution should be bracketed with injections of the System
suitability solution. An injection of a Blank should be included as the final injection before
the final System suitability solution injection.

Calculations:  Using a suitable electronic integrator or computer system, analyze the
bracketing System suitability solution injections. Exclude from integration any peaks that
are present in the Blank. Protein-related peaks that elute before the main peak are
classified as HMWS; those that elute after the main peak are classified as LMWS. Report
the percentage of peak areas for the HMWS, main peak, and LMWS.

• Capillary SDS Electrophoresis (Reduced and Nonreduced) 
Capillary Sodium Dodecyl Sulfate (CE-SDS) electrophoresis is a sensitive, analytical method
for quantitative estimation of product-related impurities such as nonglycosylated
molecules, half antibodies, and fragments, and thus is also useful as a stability-indicating
assay. After denaturation with SDS, the method allows the analysis of the complete
antibody under nonreducing conditions, and the analysis of light and heavy chains (LC and
HC, respectively) under reducing conditions.

[Note—Slight variations in sample preparation may be necessary depending on the stability of

the individual antibody. If 15 min incubation at 70  leads to fragmentation or cleavage of
disulfide bonds for a particular antibody sample, adjust the incubation time accordingly.]
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SDS sample buffer:  Prepare a solution containing 100 mM Tris-HCl, pH 8.95 ± 0.05, and
1% (w/w) SDS.

SDS gel buffer:  Buffer at a pH of 8.0 containing 0.2% (w/w) SDS and an appropriate
hydrophilic polymer acting as a molecular sieve1

Alkylation solution:  50 mM iodoacetamide in water prepared immediately before use.
System suitability solution:  Reconstitute 1 vial of USP Monoclonal IgG System Suitability

RS with 0.5 mL of Water for Injection (WFI) to a final concentration of 4 mg/mL.
Internal standard solution:  5 mg/mL of 10 kDa Internal Standard2 in water containing

0.5% (w/w) SDS and 0.2% (w/v) sodium azide
Nonreduced system suitability solution:  Mix 25 µL of the System suitability solution with

66 µL of SDS sample buffer. Add 4 µL of Internal standard solution and 5 µL of the

Alkylation solution. Mix thoroughly, and heat the mixture at 70  for 15 min. Allow to cool
for 3 min, centrifuge at 300 × g for 1 min, and transfer 100 µL into autosampler vials.

Reduced system suitability solution:  Mix 25 µL of the System suitability solution with 66

µL of SDS sample buffer. Add 4 µL of Internal standard solution and 5 µL of neat -

mercaptoethanol. Mix thoroughly, and heat the mixture at 70  for 15 min. Allow to cool for
3 min, centrifuge at 300 × g for 1 min, and transfer 100 µL into autosampler vials.

Blank:  Mix 45 µL of water with 50 µL of SDS sample buffer. Add 4 µL of Internal standard

solution and 5 µL of neat -mercaptoethanol for the reduced conditions or 5 µL of
Alkylation solution for the nonreducing conditions. Mix thoroughly, and heat the mixture at

70  for 15 min. Allow to cool for 3 min, centrifuge at 300 × g for 1 min, and transfer 100
µL into autosampler vials.

Nonreduced sample solution:  Dilute 100 µg of the sample to be tested with 50–95 µL of
SDS sample buffer to give a final volume of 95 µL. Add 4 µL of Internal standard solution

and 5 µL of the Alkylation solution. Mix thoroughly, and heat the mixture at 70  for 15 min.
Allow to cool for 3 min, centrifuge at 300 × g for 1 min, and transfer 100 µL into
autosampler vials.

Reduced sample solution:  Dilute 100 µg of the sample to be tested with 50–95 µL of SDS
sample buffer to give a final volume of 95 µL. Add 4 µL of Internal standard solution and 5

µL of neat -mercaptoethanol. Mix thoroughly, and heat the mixture at 70  for 15 min.
Allow to cool for 3 min, centrifuge at 300 × g for 1 min, and transfer 100 µL into
autosampler vials.

Instrumental conditions 
Mode:  CE-SDS
Detector:  UV or diode array 220 nm
Capillary:  Fused-silica capillary (i.d. 50 µm) cut to a total length of 30.2 cm with an

effective length of 20 cm.3 The following preconditioning and prefilling steps are required
between each run:
Preconditioning of the capillary:  Rinse for 3 min at 70 psi with 0.1 N sodium hydroxide

followed by 0.1 N hydrochloric acid for 1 min at 70 psi, and water for 1 min at 70 psi.
Prefilling of capillary:  Rinse for 10 min at 70 psi with SDS gel buffer.
Sample injection:  Electrokinetic injection, 5.0 kV reversed polarity for 20 s
Voltage separation:   

Nonreduced conditions: Run time 40 min at 15 kV, reversed polarity 
Reduced conditions: Run time 40 min at 15 kV, reversed polarity
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Temperatures 

Sample storage:  Approximately 25

Capillary:  Approximately 25
System suitability 

Samples:  Reduced system suitability solution and Nonreduced system suitability solution
Suitability requirements for reducing conditions 

Electropherogram:  The electropherogram of the Reduced system suitability solution is
consistent with the typical electropherogram illustrated in the USP Certificate for USP
Monoclonal IgG System Suitability RS.

Resolution:  The main peak of the heavy chain and the peak of the nonglycosylated
heavy chain can be clearly identified. The resolution between the nonglycosylated
heavy chain and the intact heavy chain is NLT 1.2.

Ratio of nonglycosylated to total heavy chain:  Use time-corrected peak areas for
calculation. Calculate the ratio of nonglycosylated to total heavy chain by dividing the
relative amount of nonglycosylated heavy chain by the sum of all heavy chains, and
multiply by 100. The ratio of nonglycosylated to total heavy chain in the System
suitability solution should be within the limits of 0.9%–1.3%.

Suitability requirements for nonreducing conditions 
Electropherogram:  The electropherogram of the Nonreduced system suitability

solution is consistent with the typical electropherogram illustrated in the USP
Certificate for USP Monoclonal IgG System Suitability RS.

Resolution:  The IgG main peak can be clearly identified. The resolution between the
IgG main peak and Fragment 1 (F1) is NLT 1.3.

Amount of main peak:  Calculate the relative amount of the main peak by dividing the
sum of the time-corrected peak area of the main IgG peaks by the sum of all time-
corrected peak areas after the internal standard, and multiply by 100. The relative
amount of the main IgG peak of the System suitability solution should be within the
limits of 70%–80%.

Blank:  The relative standard deviation of the migration time of the internal standard in
the bracketing Blank solution is NMT 2%. No other peaks migrating after the internal
standard are detectable.

Analysis 
Samples:  Blank, System suitability solution, and Sample solution

[Note—Based on instrument requirements, the field applied across the capillary and the
conditions for the sample injection may be adjusted to achieve system suitability.] Apply a
field strength of 500 V/cm (reversed polarity) for 40 min, using the SDS gel buffer as the
electrolyte in both buffer reservoirs. Electrophorese the samples, using a 20-s reversed
polarity and electrokinetic injection at 5.0 kV, into the anodic end of the capillary, and
record the electropherograms at 220 nm. Rinse for 3 min at 70 psi with 0.1 N sodium
hydroxide followed by 0.1 N hydrochloric acid for 1 min at 70 psi, and water for 1 min at
70 psi. Inject at least in duplicate.

Acceptance criteria:  The signal-to-noise ratio of the main peaks (reduced conditions: HC
and LC; nonreduced conditions: IgG) should be at least 100, and no new peaks greater
than 1% are detected. Calculate the time-corrected peak areas of all peaks migrating
after the internal standard peak (i.e., exclude internal standard peaks and all system
peaks running before the internal standard).

Reduced conditions:  Calculate the relative amount of product peak by dividing the sum of
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the time-corrected peak areas of heavy chain, nonglycosylated heavy chain, and light
chain by the sum of all time-corrected peak areas for peaks appearing after the internal
standard, and multiply by 100.

Nonreduced conditions:  Calculate the relative amount of product peak by dividing the
sum of the time-corrected peak area of the main IgG peak by the sum of all time-
corrected peak areas for peaks appearing after the internal standard, and multiply by 100.

• Oligosaccharide Analysis—Analysis of N-Linked Oligosaccharides of Monoclonal
Antibodies 
The inclusion of oligosaccharide analysis in a specification for a monoclonal antibody drug
substance should be assessed using science- and risk-based approaches and should be
defined on a product-specific basis. If applicable, one or more of the following analytical
approaches can be employed for oligosaccharide profiling or quantitation of individual
structures. Other validated methods that are suitable for determination of N-linked
glycosylation utilizing different modes of separation, labeling, or detection can be used. 
[Note—For monoclonal antibodies with both Fc and Fab N-linked oligosaccharides,
additional sample preparation procedures (e.g., treatment with the enzyme papain) can be
employed to separate the domains before analyses so that information at individual
glycosylation sites can be obtained.]

[Note—Numerical acceptance criteria may be defined for individual glycan structures. If
applicable, acceptance criteria must be derived from product-specific information taking
into consideration a suitable range of historical batch data.]

Method A: Capillary Electrophoresis with Laser-Induced Fluorescence Detection 
Run buffer:  Prepare 100 mM triethanolamine (TEA) and 10% glycerol at pH 7.5 by

dissolving 1.492 g of TEA and 10 g of glycerol in 80 mL of water. Adjust with 1 N
hydrochloric acid to a pH of 7.5, and dilute with water to a final volume of 100 mL.

Sample buffer:  Dilute 1 mL of Run buffer with 9 mL of water.
Enzyme reaction buffer:  Prepare 50 mM sodium phosphate, pH 7.5.
APTS labeling reagent:  Dissolve 5 mg of 8-aminopyrene-1,3,6-trisulfonate (APTS) in 48

µL of 15% acetic acid, and mix.
Sample solution:  Add 2 µL of peptide N-glycosidase F (PNGase F) (5 units/mL) to 50 µg

of sample, and adjust with Enzyme reaction buffer to a volume of 50 µL. Incubate at 37

 for 18 h. Separate released oligosaccharides by centrifugation using a 10,000
molecular weight cut-off (MWCO) centrifugal filter. Dry the released oligosaccharides in
a centrifugal vacuum evaporator to dryness. Add 2 µL of APTS labeling reagent and 2 µL

of 1 M sodium cyanoborohydride to the dried oligosaccharides. Incubate at 55  for 90
min. Add 46 µL of water to quench the reaction and mixture. Add 5 µL of APTS-labeled
sample to 95 µL of Sample buffer.

System suitability solution:  Resuspend each of the suitable glycan standards (10 µg) in
50 µL of water, and mix on a vortex mixer. Add 5 µL of a suitable glycan standard (1 µg)
to a microcentrifuge tube. Dry the glycan standard using centrifugal vacuum evaporation
at ambient temperature. Add 2 µL of sodium cyanoborohydride to each standard. Add 2
µL of the APTS labeling reagent to each standard. Mix the standards on a vortex mixer,

and centrifuge briefly to settle the liquid before incubation at 55  for 90 min. Quench
the reaction by the addition of 46 µL of water to each standard. Standards can be

stored at 20  up to 5 weeks.
Instrumental Conditions 
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Mode:  CE
Detector:  Laser-induced fluorescence detector (488-nm excitation wavelength; 520-

nm emission wavelength)
Capillary:  50-µm inner diameter bare fused-silica capillary with 50-cm total length and

40-cm separation length
Sample injection:  10-s electrokinetic injection
Separation voltage:  22kV for 50 min
Samples:  Sample solutions and System suitability solution
Analysis:  Integrate peaks in the resultant electropherogram, and report relative

percentage time-corrected peak areas of major glycan structures relevant to the
product. Comparison to suitable product-specific reference standard can be
performed.

Method B: Liquid Chromatography with Fluorescence Detection 
Enzyme reaction buffer:  Prepare 100 mM sodium phosphate a pH of 7.5.
Labeling buffer:  Prepare 8% (w/v) sodium acetate trihydrate and 4% (w/v) boric acid

solutions in methanol by dissolving 800 mg of sodium acetate trihydrate and 400 mg of
boric acid in 10 mL of methanol.

Labeling reagent solution:  Prepare a 100 mg/mL stock solution of anthranilic acid (2-
AA) in Labeling buffer. Mix with an equal volume of 1 M sodium cyanoborohydride in
methanol for a final Labeling reagent solution containing 50 mg/mL of 2-AA and 0.5 M
sodium cyanoborohydride. [Note—Keep the labeling reagent protected from light.]

Solution A:  Prepare 50 mM ammonium formate, pH 4.4.
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0.0 32.5 67.5
48.0 42.5 57.5
49.0 100 0
53.0 100 0
54.0 32.5 67.5
60.0 32.5 67.5

Sample preparation:  Transfer 80 µg of test sample to a microcentrifuge tube. Add 3 µL
of PNGase F (2.5 units/mL). [Note—The unit definition for PNGase F may differ among
commercial sources. It may be necessary to experimentally determine the appropriate
quantity of PNGase F required for complete release of N-linked oligosaccharides in the
sample.] Add 14 µL of Enzyme reaction buffer. Add water to 70 µL total volume, and

incubate at 37  for 18 h. Add 70 µL of freshly prepared Labeling reagent solution, and

incubate at 70  for 2 h in a fume hood. Allow to cool, and add 60 µL of 50% methanol to
each sample. Mix, then centrifuge. Remove 140 µL of the supernatant, and transfer to a
microcentrifuge tube. Add 500 µL of acetonitrile to the supernatant-containing tube.
Load the sample onto a hydrophilic-interaction solid-phase extraction cartridge to
remove excess labeling reagent. Wash the cartridge with 95% acetonitrile
(approximately 10 mL). Elute the labeled glycans from the cartridge with 0.5 mL of 20%
acetonitrile. Dilute the eluate 1:1 with acetonitrile.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Column:  4.6-mm × 15-cm; 3-µm packing L68
Detector:  Fluorescence (360-nm excitation wavelength; 420-nm emission wavelength)

Column temperature:  Maintain column at 30
Flow rate:  0.8 mL/min
Injection volume:  50 µL
Analysis 

Sample:   Sample preparation

Integrate peaks in the resulting chromatogram, and report relative percentage peak
areas of major glycan structures relevant to the product. Comparison to a suitable
product-specific reference standard can be performed.

• Oligosaccharide Analysis—Sialic acid Analysis
[Note—The range of the standard curve or the mass of test sample may require modification

depending on the sialic acid content of the monoclonal antibody.]
Solution A:  Prepare 100 mM sodium hydroxide by diluting 10.4 mL of a 50% (w/w) sodium

hydroxide solution in 2 L of water. [Note—Use high-quality water of high resistivity (18
MW-cm or better) that contains as little dissolved oxygen as possible.]

Solution B:  Prepare a solution containing 100 mM sodium hydroxide and 1 M sodium
acetate by adding 82.0 g of sodium acetate to 800 mL of water. Add 5.2 mL of 50%
(w/w) sodium hydroxide, and dilute with water to a final volume of 1000 mL.

Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0.0 93 7
10.0 70 30
11.0 70 30
12.0 93 7
15.0 93 7

Standard stock solution:  Prepare 0.2 mM solutions of USP N-Acetylneuraminic Acid
(NeuAc) RS and USP N-Glycolylneuraminic Acid RS (NeuGc) in 20 mM sodium acetate
buffer, pH 5.2. Dilute an appropriate volume of this solution with 20 mM sodium acetate
buffer, pH 5.2, to obtain a 0.02 mM Standard stock solution.

Internal standard stock solution:  Prepare a 0.1 mM solution of 3-deoxy-d-glycero-d-
galacto-2-nonulosonic acid (KDN) in 20 mM sodium acetate buffer, adjusted to a pH of
5.2.

Standard solutions:  Prepare as indicated in Table 3.

Table 3

Standard
Concentration

(µM)

Volume of
Standard

Stock
Solution

(µL)

Volume of 20 mM
Sodium Acetate
Buffer, pH 5.2

(µL)

Volume of
Internal

Standard Stock
Solution

(µL)
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1 10 250 235 15
2 5 125 360 15
3 4 100 385 15
4 2 50 435 15
5 1 25 460 15
6 0.4 10 475 15

System suitability solution:  Prepare 3 µM solutions of NeuAc, NeuGc, and KDN in 20 mM

sodium acetate buffer, adjusted to a pH of 5.2. Store the System suitability solution at 

70 .
Sample solution:  Pipet a volume of test sample equivalent to 0.5 mg into a

microcentrifuge tube. Dilute with 20 mM sodium acetate buffer, pH 5.2, to a total volume
of 475 µL. Confirm the pH with a test strip, and add 10 µL of 10 mU/µL of neuraminidase.

Incubate for 5 h at 37 . Add 15 µL of Internal standard stock solution. Mix on a vortex
mixer, and transfer the sample to an autosampler vial. [Note—A slight adjustment in
sample preparation may be necessary depending on the test sample and the quality of the
enzyme. Adjust the incubation time accordingly.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Integrated amperometric detector with gold electrode
Column:  4-mm × 25-cm; 10-µm packing L46
Flow rate:  1 mL/min
Injection volume:  50 µL

Use the following waveform for the electrochemical detector (see Table 4):

Table 4

Time
(s)

Potential
(V) Integration

0.00 +0.10 —
0.20 +0.10 Begin
0.40 +0.10 End
0.41 2.00 —

0.42 2.00 —

0.43 +0.60 —
0.44 0.10 —

0.50 0.10 —

Samples:  Standard solutions, System suitability solution, and Sample solutions
Calculations:  Integrate the NeuAc, NeuGc, and Internal standard peaks in each

chromatogram. For the Standard solutions, evaluate the NeuAc and NeuGc peak areas
relative to the peak area of the Internal standard as follows: 
Area of NeuAc peak/area of Internal standard peak × 100 
Area of NeuGc peak/area of Internal standard peak × 100 
Generate NeuAc and NeuGc standard curves. Quantify NeuAc and NeuGc in the Sample
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solutions by comparison of the relative percent of NeuAc of the Internal standard and the
relative percent of NeuGc of the Internal standard, using the standard curves. 
Divide the determined NeuAc and NeuGc concentrations by the test sample concentration,
and report as molar ratio (i.e., number of NeuAc and NeuGc per molecule of test sample).

1  Available from Beckman Coulter as a component of test kit, catalog number A10663, or a suitable
equivalent.

2  Available from Beckman Coulter as a component of test kit, catalog number A10663, or a suitable
equivalent.

3  Beckman Coulter catalog number 338472 or equivalent.

BRIEFING

202  Identification of Fixed Oils by Thin-Layer Chromatography, PF 39(1) [Jan.–Feb.
2013]. It is proposed to add three dietary supplement fixed oils to the USP Reference
Standards section of this new general test chapter: borage oil, evening primrose oil, and flax
oil.

(GCCA; EXC: H. Dinh.)
Correspondence Number—C125114

Comment deadline: July 31, 2013

Add the following:

202  IDENTIFICATION OF FIXED OILS BY THIN-LAYER CHROMATOGRAPHY

INTRODUCTION

The following procedure for the USP Identification test is used to identify fixed oils using high-
performance thin-layer chromatography (HPTLC) and a suitable octadecylsilyl silica gel as the
coating substance.

IDENTIFICATION
•  Procedure

Mobile phase 1:  Ethyl ether
Mobile phase 2:  Methylene chloride, glacial acetic acid, and acetone (20:40:50)
Standard solution:  Dissolve about 20 mg (1 drop) of the appropriate USP Fixed Oil RS in 3

mL of methylene chloride.
Sample solution:  Dissolve about 20 mg (1 drop) of a fixed oil sample in 3 mL of methylene

chloride.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography).
Mode:  HPTLC
Plate:  10 cm × 20 cm, silica gel RP-18, 0.15–0.2 mm layer, 4–8 µm particle size1

Application volume:  1 µL
Spray reagent:  100 mg/mL of phosphomolybdic acid in 96% alcohol

Analysis 
Samples:  Standard solution and Sample solution

1S (USP37)
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Apply the Samples in different bands to the previously marked starting point on a TLC
plate, and develop the plate in the following order.

1. Develop two times over a path of 0.5 cm using Mobile phase 1. Ensure that the
spots are at least 3 mm above the surface of the mobile phase. Remove the plate
from the chamber after each run, and allow the plate to dry in air.

2. Develop two times over a path of 8 cm using Mobile phase 2. Allow the plate to dry
about 5 min after each development and before spraying with a spray reagent.

Spray the plate with the Spray reagent. 

Heat the plate at 120  for about 1 min, and examine in daylight.
Acceptance criteria:  The RF values of the principal spots of the Sample solution

correspond to those of the Standard solution.

ADDITIONAL REQUIREMENTS

Change to read:

•  USP Reference Standards 11
USP Almond Oil RS
USP Borage Oil RS 

USP Canola Oil RS
USP Corn Oil RS
USP Cottonseed Oil RS

USP Evening Primrose Oil RS
USP Flax Oil RS

USP Olive Oil RS
USP Palm Oil RS
USP Peanut Oil RS
USP Safflower Oil RS
USP Sesame Oil RS
USP Soybean Oil RS
USP Sunflower Oil RS

1  HPTLC  Silica Gel RP-18 plate from Merck EMD, or equivalent.

BRIEFING

227  4-Aminophenol in Acetaminophen-Containing Drug Products. This new general
test chapter is being proposed to facilitate the modernization of seven drug product
monographs (solid and liquid dosage forms) with the addition of a new test for monitoring 4-
aminophenol, the principal degradation product of acetaminophen. The liquid
chromatographic procedure being proposed is based on analysis performed with the Dionex
Acclaim Mixed Mode WCX-1 brand of L## column. 4-Aminophenol elutes during the initial
isocratic segment of the gradient program with a typical retention time of 4.2–5.3 min. A
steep gradient is used to clean the column. The quantification of 4-aminophenol is achieved
by using standard addition methodology. The limits proposed are based on input from FDA
and industry to the USP Acetaminophen Expert Panel. The monographs that are also being

1S (USP37)

1S (USP37)

1S (USP37)
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revised concurrently with this proposal are the following:

1. Acetaminophen Capsules
2. Acetaminophen Oral Solution
3. Acetaminophen for Effervescent Oral Solution
4. Acetaminophen Suppositories
5. Acetaminophen Oral Suspension
6. Acetaminophen Tablets
7. Acetaminophen Extended-Release Tablets.

(SM2: C. Anthony.)
Correspondence Number—C127104

Comment deadline: July 31, 2013

Add the following:

227  4-AMINOPHENOL IN ACETAMINOPHEN-CONTAINING DRUG PRODUCTS

INTRODUCTION

This general test chapter provides a procedure and acceptance criteria (limit) to control the
principal degradation product of acetaminophen, 4-aminophenol, an impurity that can form by
hydrolysis of acetaminophen.
SOLUTION PREPARATIONS  

All solution preparations that contain acetaminophen or 4-aminophenol should be protected
from light and should be stored only for as long as can be supported by solution stability data
acquired during verification under actual conditions of use.
Buffer:  4.0 g/L of sodium citrate dihydrate and 1.5 g/L of anhydrous citric acid, in water.

Adjust to a pH of 5.0, if necessary.
Diluent:  Buffer and acetonitrile (9:1)
Solution A:  10 mM phosphate buffer prepared by adding 0.60 g of monobasic potassium

phosphate and 0.82 g of dibasic sodium phosphate to a 1-L volumetric flask, adding about
200 mL of water, and stirring until dissolved (pH 7.0). Dilute with water to volume.

Solution B:  Water
Solution C:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Solution C
(%)

0 90 5 5
5 90 5 5
7 10 10 80

7.1 90 5 5
10 90 5 5

Standard stock solution:  25 µg/mL of USP 4-Aminophenol RS in Diluent. Prepare fresh in
conjunction with the other solution preparations described below. Discard after 4 h or as
supported by solution stability data. [Note—It is recommended that the Sample solution and
Standard solution be prepared concurrently within a narrow window of time (e.g., 30 min)
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for each drug product sample.]
System suitability solution:  0.5 µg/mL of USP 4-Aminophenol RS from the Standard stock

solution in Diluent
Sample stock solution:  Nominally 10 mg/mL of acetaminophen from a suitable quantity of

drug product in Diluent. [Note—Either component of the Diluent may be introduced to the
drug product first, followed by addition of the other component to maintain the proportions
of Buffer and acetonitrile and to achieve the appropriate final volume defined for the
Diluent.]

Standard solution A (for solid oral drug products and suppositories):  Add 25.0 mL of
the Sample stock solution and 1.0 mL of Standard stock solution to a 50-mL volumetric
flask, and dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm pore size,
discarding the first 3 mL of filtrate.

Standard solution B (for liquid oral drug products):  Add 25.0 mL of the Sample stock
solution and 15.0 mL of Standard stock solution to a 50-mL volumetric flask, and dilute with
Diluent to volume. Pass through a suitable filter of 0.45-µm pore size, discarding the first 3
mL of filtrate.

Sample solution:  Add 25.0 mL of the Sample stock solution to a 50-mL volumetric flask, and
dilute with Diluent to volume. Pass through a suitable filter of 0.45-µm pore size, discarding
the first 3 mL of filtrate.

CHROMATOGRAPHIC METHOD 
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 300 nm
Column:  4.6-mm × 15-cm; 5-µm packing L##

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution A or Standard solution B
[Note—The typical retention time for 4-aminophenol is about 4.2–5.3 min.]
Suitability requirements 

Resolution:  NLT 1.0 between 4-aminophenol and the nearest peak, Standard solution A
or Standard solution B

Tailing factor:  NMT 1.5 for the 4-aminophenol peak, Standard solution A or Standard
solution B

Relative standard deviation:  NMT 5.0% for liquid oral drug products, Standard solution
B ; NMT 10% for solid oral drug products and suppositories, Standard solution A

Signal-to-noise ratio:  NLT 20 for the 4-aminophenol peak, System suitability solution
ANALYSIS 

Samples:  Standard solution A or Standard solution B and the Sample solution. The Sample
solution and Standard solution for each drug product sample are to be injected sequentially,
i.e., back-to-back.

Calculate the percentage of 4-aminophenol (C6H7NO) relative to acetaminophen in the portion
of drug product taken:
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Result = [rU/(rS  rU)] × (WS/WU) × 100

rU = peak response for 4-aminophenol from the Sample solution 
rS = peak response for 4-aminophenol from the Standard solution 
WS = amount of USP 4-Aminophenol RS in the Standard solution (mg) 
WU = amount of acetaminophen in the Sample solution (mg)

Acceptance criteria:  (unless otherwise stated in the monograph): NMT 0.01% of 4-
aminophenol relative to acetaminophen in solid oral drug products and suppositories; NMT
0.15% of 4-aminophenol relative to acetaminophen in liquid oral drug products

CHROMATOGRAPHIC ADJUSTMENTS  
The retention time of 4-aminophenol can be tuned to achieve specificity for a given product

matrix. This allowance supersedes provisions in Chromatography 621 for adjusting
chromatographic conditions and is intended to provide a measure of flexibility when needed.
Suggestions for changing 4-aminophenol retention are given in Table 2. The use of a ternary
mobile phase system affords ready changes to the ionic strength (water from Solution B) and
organic strength (acetonitrile from Solution C), but this can be simplified to a binary mobile
phase system.

Table 2

Condition Change Change in 4-Aminophenol Retention

Increase in organic strength (Solution C)Decreases 4-aminophenol retention
Decrease in pH (Solution A) Increases 4-aminophenol retention
Increase in ionic strength (Solution B) Decreases 4-aminophenol retention
Increase in column temperature Increases 4-aminophenol retention

Adjustments to the chromatographic procedure may lead to a need for verification or

validation. See Validation of Compendial Procedures 1225  and Verification of Compendial

Procedures 1226  for guidance. The need for adjustments does not change the need to
meet the System suitability requirements. 
Verification under actual conditions of use must evaluate solution stability with the
expectation that the level of 4-aminophenol does not change in the Sample solution and the
Standard solution by more than ±10% of the applicable 4-aminophenol limit.

BRIEFING

341  Antimicrobial Agents—Content, USP 36 page 164. In an effort to modernize this
general test chapter, it is proposed to replace the existing General Gas Chromatographic
Method section which utilizes packed-column GC procedures with a combination of agent-
specific capillary column GC and HPLC procedures as follows:

1. Content of Benzyl Alcohol: A gas chromatographic procedure based on analyses
performed with the J&W Scientific DBWax brand of G16 column with 0.5-µm film
thickness, using phenol as the internal standard. The typical retention times reported
for benzyl alcohol and phenol are 8 and 10 min, respectively.

2. Content of Chlorobutanol: A gas chromatographic procedure based on analyses
performed with the J&W Scientific DBWax brand of G16 column with 0.25-µm film
thickness. The typical retention times for chlorobutanol and 2,2,2-trichloroethanol are
6.0 and 8.1 min, respectively.

1S (USP37)
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3. Content of Phenol: A gas chromatographic procedure based on analyses performed
with the J&W Scientific DBWax brand of G16 column with 0.5-µm film thickness, using
benzyl alcohol as the internal standard. The typical retention times reported for benzyl
alcohol and phenol are 8 and 10 min, respectively.

4. Content of Parabens: A liquid chromatographic procedure based on analyses
performed with the Phenomenex Inertsil 5-µm brand of L1 column, using a Phenomenex
C18 Security Guard cartridge with an L1 guard column. The typical retention times
reported for p-hydroxybenzoic acid, methylparaben, ethylparaben, and propylparaben
are 1.6, 2.7, 3.8, and 5.7 min, respectively.

5. Finally, in the Sample solution section of the test for Thimerosol, because the
Sample solution should be handled in the same way as the Standard solution, it is
proposed to add that the Sample solution be protected from light.

(GCCA: A. Martin-Esker, B. Davani.)
Correspondence Number—C70299; C93627; C99464

Comment deadline: July 31, 2013

341  ANTIMICROBIAL AGENTS—CONTENT

Change to read:

An essential component of Injections in multiple-dose containers is the agent or agents present
to reduce the hazard of having introduced, in the course of removing some of the contents,
accidental microbial contamination of the contents remaining. It is a Pharmacopeial requirement
that the presence and amount added of such agent(s) be declared on the label of the
container. The methods provided herein for the most commonly used agents are to be used to
demonstrate that the declared agent is present and does not exceed the labeled amount by
more than 20% of the labeled amount. 
The concentration of an antimicrobial preservative added to a multiple-dose or single-dose
parenteral, otic, nasal, and ophthalmic preparation may diminish during the shelf life of the
product. Therefore, the manufacturer shall determine the lowest level at which the
preservative is effective, and the product should be so formulated as to assure that this level
is exceeded throughout the product's shelf life. At the time of its manufacture, the product
should contain the declared amount of antimicrobial preservative (within ±20% to allow for
manufacturing and analytical variations). The quantitative label statement of the label
preservative content is not intended to mean that the labeled quantity is retained during the
shelf life of the product; rather, it is a statement of the amount added, within process limits,
and which is not exceeded by more than 20%. An example of such a label statement is “____
(unit) added as preservative.” [Note—“____ (unit)” would be a number followed by the unit of
measurement, e.g., 0.015 mg/mL or 0.1%.]

The most commonly used agents include the two mercurials, phenylmercuric nitrate and
thimerosal and the four homologous esters of p-hydroxybenzoic acid, phenol, benzyl alcohol,
and chlorobutanol. The methods for the first two named are polarographic, while quantitative
gas chromatography is employed in the determination of the other agents.

The most common mercurial agents used include phenylmercuric nitrate and thimerosal and
the homologous esters of p-hydroxybenzoic acid (parabens), phenol, benzyl alcohol, and
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chlorobutanol. The methods for the first two named agents are polarographic, and the method
used for the four homologous esters is a liquid chromatographic method while other agents are
determined by gas chromatography.

Change to read:

GENERAL GAS CHROMATOGRAPHIC METHOD

The general procedures set forth in the following paragraphs are applicable to the quantitative
determination of benzyl alcohol, chlorobutanol, phenol, and the methyl, ethyl, propyl, and butyl
esters of p-hydroxybenzoic acid, the latter being treated as a group, the individual members of
which, if present, are capable of separate determination. Prepare the Internal Standard
Solution and the Standard Preparation for each agent as directed individually below. Unless
otherwise directed below, prepare the Test Preparation from accurately measured portions of
the Internal Standard Solution and the sample under test, of such size that the concentration
of the agent and the composition of the solvent correspond closely to the concentration and
composition of the Standard Preparation. Suggested operating parameters of the gas
chromatograph apparatus are given in the accompanying table , the carrier gas being helium or
nitrogen, and the detector being the flame-ionization type.

Suggested Operating Parameters of Gas Chromatograph Apparatus

Agent

Column Size Column Packing
Phases and Support

Flow Rate, mL
per minute

Column
TemperatureLength ID

Benzyl
Alcohol 1.8 m 3 mm 5% G16/S1A 50 140

Chlorobutanol 1.8 m 2 mm 5% G16/S1A 20 110

Phenol 1.2 m 3 mm 5% G16/S1A 50 145

Parabens 1.8 m 2 mm 5% G2/S1A 20 150

Benzyl Alcohol

Internal Standard Solution—Dissolve about 380 mg of phenol in 10 mL of methanol contained
in a 200-mL volumetric flask. Add water to volume, and mix.

Standard Preparation—Dissolve about 180 mg of USP Benzyl Alcohol RS, accurately weighed,
in 20.0 mL of methanol contained in a 100-mL volumetric flask. Add Internal Standard Solution
to volume, and mix.

Procedure—Separately inject equal volumes (about 5 µL) of the Standard Preparation and the
Test Preparation into the chromatograph, record the chromatograms with the apparatus
adjusted to the parameters set forth in the accompanying table, and measure the areas under
the peaks for benzyl alcohol and phenol. Calculate the content, in mg per mL, of benzyl alcohol
(C7H8O) in the specimen taken by the formula:

100(C/V)(p1/p2)(P2/P1)

in which C is the concentration, in mg per mL, of benzyl alcohol in the Standard Preparation; V
is the volume, in mL, of the specimen under test used in preparing each 100 mL of the Test
Preparation; p1 and p2 are the peak areas for benzyl alcohol and phenol, respectively, obtained
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from the Test Preparation; and P1 and P2 are the peak areas of benzyl alcohol and phenol,
respectively, obtained from the Standard Preparation.

Chlorobutanol

Internal Standard Solution—Transfer about 140 mg of benzaldehyde to a 100-mL volumetric
flask, add 10 mL of methanol, and swirl to dissolve. Dilute with water to volume, and mix.

Standard Preparation—Transfer about 125 mg of USP Chlorobutanol RS, accurately weighed,
to a 25-mL volumetric flask. Add 2 mL of methanol, swirl to dissolve, dilute with water to
volume, and mix. Transfer 5.0 mL of this solution and 5.0 mL of Internal Standard Solution to a
25-mL flask, and mix to obtain a solution having a known concentration of about 2.5 mg of
chlorobutanol per mL.

Test Preparation—Quantitatively dilute, if necessary, an accurately measured volume of the
specimen under test with methanol to obtain a solution containing not more than about 5.0 mg
of chlorobutanol per mL. Combine 3.0 mL of this solution with 3.0 mL of Internal Standard
Solution, and mix.

Chromatographic System (see Chromatography 621 )—[Note—See accompanying table
for column dimensions, column packing phase and support, flow rate, and column temperature.]

The injection port temperature is maintained at 180 , and the detector temperature is

maintained at 220 . Chromatograph the Standard Preparation, and record the peak responses
as directed for Procedure: the relative retention times are about 0.8 for benzaldehyde and 1.0
for chlorobutanol; the resolution, R, between benzaldehyde and the chlorobutanol is not less
than 2.0; and the relative standard deviation for replicate injections is not more than 2.0%.

Procedure—Separately inject equal volumes (about 1 µL) of the Standard Preparation and the
Test Preparation into the chromatograph, record the chromatograms, and measure the areas
for the major peaks. Calculate the quantity, in mg, of chlorobutanol (C4H7Cl3O) in each mL of
the specimen under test by the formula:

C(L/D)(RU/RS)

in which C is the concentration, in mg per mL, of chlorobutanol, calculated on the anhydrous
basis, in the Standard Preparation; L is the labeled quantity, in mg, of chlorobutanol in each mL
of the specimen under test; D is the concentration, in mg per mL, of chlorobutanol in the Test
Preparation, based on the volume of specimen under test taken and the extent of dilution; and
RU and RS are the ratios of the chlorobutanol peak to the benzaldehyde peak obtained from the
Test Preparation and the Standard Preparation, respectively.

Phenol

Internal Standard Solution—Pipet 1 mL of USP Benzyl Alcohol RS into a 500-mL volumetric
flask, add methanol to volume, and mix.

Standard Preparation—Dissolve about 75 mg of USP Phenol RS, accurately weighed, in 7.5 mL
of methanol contained in a 100-mL volumetric flask. Add 20.0 mL of Internal Standard Solution,
then add water to volume, and mix.

Procedure—Separately inject equal volumes (about 3 µL) of the Standard Preparation and the
Test Preparation into the chromatograph, record the chromatograms with the apparatus
adjusted to the parameters set forth in the accompanying table, and measure the areas under
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the peaks for phenol and benzyl alcohol. Calculate the content, in mg per mL, of phenol
(C6H6O) in each mL of the specimen taken by the formula:

100(C/V)(p1/p2)(P2/P1)

in which C is the concentration, in mg per mL, of phenol in the Standard Preparation; V is the
volume, in mL, of the specimen under test used in preparing each 100 mL of the Test
Preparation; p1 and p2 are the peak areas for phenol and benzyl alcohol, respectively, obtained
from the Test Preparation; and P1 and P2 are the peak areas of phenol and benzyl alcohol,
respectively, obtained from the Standard Preparation.

Methylparaben and Propylparaben

Internal Standard Solution—Place about 200 mg of benzophenone in a 250-mL volumetric
flask, dilute with ether to volume, and mix.

Standard Preparation—Place 100 mg of USP Methylparaben RS and 10 mg of USP
Propylparaben RS, each accurately weighed, in a 200-mL volumetric flask, dilute with Internal
Standard Solution to volume, and mix. Place 10 mL of this solution in a 25-mL conical flask, and
proceed as directed for Test Preparation, beginning with “Add 3 mL of pyridine.”

Test Preparation—Pipet 10 mL of the specimen under test and 10 mL of the Internal Standard
Solution into a small separator. Shake vigorously, allow the layers to separate, draw off the
aqueous layer into a second separator, and transfer the ether layer into a small flask through a
funnel containing anhydrous sodium sulfate. Extract the aqueous layer with two 10-mL portions
of ether, also filtering the extracts through the anhydrous sodium sulfate. Evaporate the
combined extracts under a current of dry air until the volume is reduced to about 10 mL, then
transfer the residue to a 25-mL conical flask. Add 3 mL of pyridine, complete the evaporation of
the ether, and boil on a hot plate until the volume is reduced to about 1 mL. Cool, and add 1
mL of a suitable silylation agent, such as bis(trimethylsilyl)trifluoroacetamide,
bis(trimethylsilyl)acetamide, or a mixture of hexamethyldisilazane and trimethylchlorosilane [2:1
or 3:1 (v/v)]. Mix, and allow to stand for not less than 15 minutes.

Procedure—Separately inject equal volumes (2 µL) of the silanized solution from the Standard
Preparation and the Test Preparation into the chromatograph, record the chromatograms with
the apparatus adjusted to the parameters set forth in the accompanying table, and measure
the areas under the peaks for methylparaben, propylparaben, and benzophenone. Calculate the
content, in µg per mL, of methylparaben (C8H8O3) in the sample under test by the formula:

10(CM/V)(p1/p3)(P3/P1)

in which CM is the concentration, in µg per mL, of methylparaben in the Standard Preparation;
V is the volume, in mL, of the specimen taken; p1 and p3 are the peak areas for methylparaben
and benzophenone, respectively, obtained from the Test Preparation; and P1 and P3 are the
peak areas of methylparaben and benzophenone, respectively, obtained from the Standard
Preparation. Similarly, calculate the content, in µg per mL, of propylparaben (C10H12O3) in the
specimen under test by the formula:

10(CP/V)(p2/p3)(P3/P2)

in which CP is the concentration, in µg per mL, of propylparaben in the Standard Preparation; V
is the volume, in mL, of the specimen taken; p2 and p3 are the peak areas for propylparaben
and benzophenone, respectively, obtained from the Test Preparation; and P2 and P3 are the
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peak areas of propylparaben and benzophenone, respectively, obtained from the Standard
Preparation.

Ethylparaben and butylparaben may be determined in a similar manner.

The general GC procedures set forth in the following paragraphs are applicable to the
quantitative determination of benzyl alcohol, chlorobutanol, and phenol. Prepare the Internal
standard solution and the Standard solution for each antimicrobial agent as directed below.
Unless otherwise directed, prepare the Sample solution from accurately measured portions of
the Internal standard solution and the sample under test, such that the concentration of the
agent and the composition of the solvent correspond closely to the concentration and
composition of the Standard solution. Suggested operating parameters of the gas
chromatograph are provided in this section.

The general HPLC procedures set forth in the following paragraphs are applicable to the
quantitative determination of the methyl, ethyl, propyl, and butyl esters of p-hydroxybenzoic
acid, each of which, if present, can be determined separately. Prepare the Internal standard
solution and the Standard solution for each agent as directed below. Unless otherwise directed,
prepare the Sample solution from accurately measured portions of the Internal standard
solution and the sample under test, such that the concentration of the agent and the
composition of the solvent correspond closely to the concentration and composition of the
Standard solution. Conditions are provided in the methods outlined below.

Benzyl Alcohol

Diluent: Add 20 mL of methanol to a 100-mL volumetric flask, and dilute with water to volume.

Internal standard solution: Dissolve 3.8 g of phenol in 100 mL of methanol in a 1000-mL
volumetric flask, and dilute with water to volume.

System suitability solution: Dissolve 180 mg of USP Benzyl Alcohol RS, 16 mg of
benzaldehyde, and 12 mg of cyclohexylmethanol in 20.0 mL of methanol in a 100-mL volumetric
flask. Add 40 mL of the Internal standard solution, and dilute with water to volume.

Standard solution: Dissolve 46 mg of USP Benzyl Alcohol RS in 5.0 mL of methanol in a 25-mL
volumetric flask. Add 10.0 mL of Internal standard solution, and dilute with water to volume.

Sample solution: Quantitatively dilute, if necessary, an accurately measured volume of the
specimen under test with Diluent to obtain a solution containing 18 mg/mL of benzyl alcohol.
Combine 10.0 mL of this solution with 20 mL of methanol and 40.0 mL of Internal standard
solution in a 100-mL volumetric flask. Dilute with water to volume, and mix.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: GC

Detector: Flame ionization

Column: 30-m × 0.32-mm fused-silica column; bonded with a 0.5-µm film of phase G16

Temperatures
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Injection port: 200

Detector: 310

Column: See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final

Temperature
(min)

150 0 150 5
150 10 230 7

Carrier gas: Helium

Flow rate (constant): 2 mL/min

Injection volume: 1 µL

Split ratio: 10:1

Run time: 20 min

System suitability

Sample: System suitability solution

[Note—The relative retention times for benzaldehyde, cyclohexyl methanol, benzyl alcohol, and
phenol are about 0.45, 0.46, 1.0, and 1.25, respectively.]

Suitability requirements

Resolution: NLT 2.0 between the benzyl alcohol and phenol peaks; NLT 2.0 between the
cyclohexylmethanol and benzyl alcohol peaks

Tailing factor: NMT 2.0 for the benzyl alcohol peak

Relative standard deviation: NMT 1.0% for the peak response ratios of benzyl alcohol and
phenol

Analysis: Separately inject equal volumes of the Standard solution and the Sample solution
into the chromatograph, record the chromatograms with the apparatus adjusted to the
parameters in the Chromatographic system and also in Table 1, and measure the areas under
the peaks for benzyl alcohol and phenol. 
Calculate the percentage of the labeled amount of benzyl alcohol (C7H8O) in the portion of the
sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of benzyl alcohol to phenol from the Sample solution
RS = peak response ratio of benzyl alcohol to phenol from the Standard solution
CS = concentration of benzyl alcohol in the Standard solution
CU = nominal concentration of benzyl alcohol in the Sample solution

Chlorobutanol
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Diluent: Dilute 100 mL of methanol with 100 mL of water.

Internal standard solution: Transfer 250 mg of 2,2,2-trichloroethanol, accurately weighed, to
a 25-mL volumetric flask. Dilute with Diluent to volume.

Standard stock solution: Transfer 125 mg of USP Chlorobutanol RS, accurately weighed, to a
25-mL volumetric flask. Dissolve in methanol, and dilute with methanol to volume.

Standard solution: Transfer 2.5 mL of Standard stock solution, 2.0 mL of Internal standard
solution, and 0.5 mL of methanol to a 10-mL volumetric flask. Dilute with water to volume, and
mix to obtain a solution having a known concentration of about 1.25 mg/mL of chlorobutanol
and 2 mg/mL of internal standard.

Sample stock solution: Quantitatively dilute, if necessary, an accurately measured volume
corresponding to 2.5 mg/mL of chlorobutanol in water.

Sample solution: Combine 5.0 mL of Sample stock solution with 2.0 mL of Internal standard
solution in a a 10-mL volumetric flask, and dilute with Diluent to volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: GC

Detector: Flame ionization

Column: 30-m × 0.32-mm; bonded with a 0.25-µm film of phase G16

Temperatures

Column: 135

Injection port: 260

Detector: 280

Carrier gas: Helium

Flow rate: 1 mL/min

Inlet pressure: 7.5 psi

Injection volume: 0.5 µL

Split ratio: 10:1

Run time: 12 min

System suitability

Sample: Standard solution

[Note—The relative retention times for chlorobutanol and 2,2,2-trichloroethanol are about 1.0
and 1.4, respectively.]

Suitability requirements

Resolution: NLT 2.0 between chlorobutanol and 2,2,2-trichloroethanol
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Relative standard deviation: NMT 1.0% for the peak response ratio of chlorobutanol to
2,2,2-trichloroethanol

Analysis: Separately inject equal volumes of the Standard solution and the Sample solution
into the chromatograph, record the chromatograms with the apparatus adjusted to the
parameters in the Chromatographic system, and measure the areas for the major peaks. 
Calculate the percentage of the labeled amount of chlorobutanol (C7H8O), calculated on the
anhydrous basis, in the portion of the sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of chlorobutanol to 2,2,2-trichloroethanol from the Sample solution
RS = peak response ratio of chlorobutanol to 2,2,2-trichloroethanol from the Standard solution
CS = concentration of chlorobutanol in the Standard solution
CU = nominal concentration of chlorobutanol in the Sample solution

Phenol

Internal standard solution: Prepare a solution containing about 2 mg/mL of USP Benzyl
Alcohol RS in methanol.

System suitability solution: Dissolve a suitable quantity of USP Phenol RS and m-cresol in 20
mL of water in a 50-mL volumetric flask. Add 1 mL of 2% glycerin and 10 mL of Internal
standard solution , and dilute with water to volume to obtain 20 mg/mL each of USP Phenol RS
and m-cresol. Mix 25 mL of the resulting solution with 0.25 mL of glacial acetic acid.

Standard solution: Dissolve 100 mg of USP Phenol RS in 25.0 mL of water. Combine 5.0 mL of
this solution with 10 mL of Internal standard solution in a 50-mL volumetric flask, and dilute
with water to volume.

Sample solution: Quantitatively dilute, if necessary, a volume of the specimen under test with
water to obtain a solution containing 4 mg/mL of phenol. Combine 5.0 mL of this solution with
10 mL of Internal standard solution in a 50-mL volumetric flask, and dilute with water to
volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: GC

Detector: Flame ionization

Column: 30-m × 0.32-mm fused-silica column; bonded with a 0.5-µm film of phase G16

Temperatures

Injection port: 200

Detector: 310

Column: See Table 2.

Table 2
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Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final

Temperature
(min)

150 0 150 5
150 10 230 7

Carrier gas: Helium

Flow rate (constant flow): 2 mL/min

Inlet pressure: 7.5 psi

Injection volume: 1 µL

Split ratio: 10:1

Run time: 20 min

System suitability

Samples: System suitability solution and Standard solution

[Note—The relative retention times for glacial acetic acid, benzyl alcohol, phenol, m-cresol,
and glycerin are about 0.38, 1.0, 1.25, 1.38, and 1.63, respectively.]

Suitability requirements

Resolution: NLT 2.0 between benzyl alcohol and phenol; NLT 2.0 between phenol and
m-cresol, System suitability solution

Tailing factor: NMT 2.0 for the phenol peak, Standard solution

Relative standard deviation: NMT 1.0% for the peak response ratio of phenol to benzyl
alcohol, System suitability solution

Analysis: Separately inject equal volumes of the Standard solution and the Sample solution
into the chromatograph, record the chromatograms with the apparatus adjusted to the
parameters set forth in the Chromatographic system and also in Table 2, and measure the
areas under the peaks for benzyl alcohol and phenol. 
Calculate the percentage of the labeled amount of phenol (C6H60O) in the portion of the sample
taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of phenol to benzyl alcohol from the Sample solution
RS = peak response ratio of phenol to benzyl alcohol from the Standard solution
CS = concentration of phenol in the Standard solution
CU = nominal concentration of phenol in the Sample solution

Methylparaben and Propylparaben

Mobile phase: Methanol and 0.05 M potassium dihydrogen phosphate (65:35)

Internal standard solution: 0.013 mg/mL of USP Ethylparaben RS in Mobile phase

System suitability solution: 0.01 mg/mL each of benzylparaben, USP Butylparaben RS, USP
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Propylparaben RS, USP Ethylparaben RS, USP Methylparaben RS, and p-hydroxybenzoic acid in
Mobile phase

Standard solution: Prepare a solution of 0.2 mg/mL of USP Methylparaben RS and 0.03 mg/mL
of USP Propylparaben RS in Mobile phase. Add 5 mL of this solution to 5 mL of Internal standard
solution, and extract three times with 10 mL of diethylether. Filter the combined ether layers
through a suitable quantity of anhydrous sodium sulfate. Dry using a steady stream of nitrogen,
and dilute the residue in 50 mL of Mobile phase.

Sample solution: Add 5 mL of the sample (the injection) to 5 mL of Internal standard solution,
and extract three times with 10 mL of diethylether. Filter the combined ether layers through a
suitable quantity of anhydrous sodium sulfate. Dry using a steady stream of nitrogen, and dilute
the residue in 50 mL of Mobile phase.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 272 nm

Columns

Guard: 4.0-mm × 3-mm; packing L1

Analytical: 4.6-mm × 15-cm; 5-µm packing L1

Flow rate: 1.3 mL/min

Injection volume: 10 µL

Run time: 10 min

System suitability

Samples: System suitability solution and Standard solution

[Note—The relative retention times for p-hydroxybenzoic acid, methylparaben, ethylparaben,
and propylparaben are about 0.58, 1.0, 1.4, and 2.1, respectively.]

Suitability requirements

Resolution: NLT 1.5 between the closest pair; NMT 2 between p-hydroxybenzoic acid and
methylparaben, System suitability solution

Tailing factor: NMT 1.5 for the methylparaben and propylparaben peaks, Standard solution

Relative standard deviation: NMT 2.0% for the peak response ratio of methylparaben to
ethylparaben; NMT 2.0% for the peak response ratio of propylparaben to ethylparaben, System
suitability solution

Analysis: Separately inject equal volumes of the Standard solution and the Sample solution
into the chromatograph, record the chromatograms with the apparatus adjusted to the
parameters in the Chromatographic system and also in Table 2, and measure the areas under
the peaks for methylparaben, propylparaben, ethylparaben, and the internal standard. 
Calculate the percentage of the labeled amount of methylparaben (C8H8O3) in the portion of
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the sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of methylparaben to ethylparaben from the Sample solution
RS = peak response ratio of methylparaben to ethylparaben from the Standard solution
CS = concentration of methylparaben in the Standard solution
CU = nominal concentration of methylparaben in the Sample solution

Calculate the percentage of the labeled amount of propylparaben (C10H12O3) in the portion of
the sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU = peak response ratio of propylparaben to ethylparaben from the Sample solution
RS = peak response ratio of propylparaben to ethylparaben from the Standard solution
CS = concentration of propylparaben in the Standard solution
CU = nominal concentration of propylparaben in the Sample solution

Ethylparaben and butylparaben may be determined in a similar manner, but using different
internal standard solutions. However, because the extraction recovery is matrix dependent, the
user should verify the suitability of the procedure for their drug product. Therefore, the user
should verify the suitability of the procedure for the different product formulations.

Change to read:

POLAROGRAPHIC METHOD

Phenylmercuric Nitrate

Standard solution: Dissolve about 100 mg of phenylmercuric nitrate, accurately weighed, in
sodium hydroxide solution (1 in 250) contained in a 1000-mL volumetric flask, warming if
necessary to effect solution. Dilute with the sodium hydroxide solution to volume, and mix.
Pipet 10 mL of this solution into a 25-mL volumetric flask, and proceed as directed for the
Sample solution, beginning with “add 2 mL of potassium nitrate solution (1 in 100).”

Sample solution: Pipet 10 mL of the specimen under test into a 25-mL volumetric flask, add 2
mL of potassium nitrate solution (1-in-100) and 10 mL of pH 9.2 alkaline borate buffer (see
Reagents, Indicators, and Solutions, Buffer Solutions). Adjust with 2 N nitric acid, if necessary,
to a pH of 9.2. Add 1.5 mL of freshly prepared gelatin solution (1-in-1000), then dilute with pH
9.2 alkaline borate buffer to volume, and mix.

Analysis: Pipet a portion of the Sample solution into the polarographic cell, and deaerate by
bubbling nitrogen through the solution for 15 min. Insert the dropping mercury electrode of a

suitable polarograph (see Polarography 801 ), and record the polarogram from 0.6 to 1.5
volts versus the saturated calomel electrode. Determine the diffusion current of the Sample
solution, (id)U, as the difference between the residual current and the limiting current. Similarly
and concomitantly determine the diffusion current of the Standard solution, (id)S. Calculate the
quantity, in µg, of phenylmercuric nitrate (C6H5HgNO3) in each mL of the specimen taken:

Result = 2.5C × [(id)U/(id)S]
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C = concentration of phenylmercuric nitrate in the Standard solution (µg/mL)
(id)U = diffusion current of the Sample solution
(id)S = diffusion current of the Standard solution

Thimerosal

Standard solution: On the day of use, transfer about 25 mg of USP Thimerosal RS, accurately
weighed, to a 250-mL volumetric flask, dilute with water to volume, and mix. Protect from light.
Pipet 15 mL of this solution into a 25-mL volumetric flask, add 1.5 mL of gelatin solution (1 in
1000), then dilute with potassium nitrate solution (1-in-100) to volume, and mix.

Sample solution: Pipet 15 mL of the test specimen into a 25-mL volumetric flask, add 1.5 mL
of gelatin solution (1-in-1000), dilute with potassium nitrate solution (1-in-100) to volume, and
mix.
Protect from light.

Analysis: Transfer a portion of the Sample solution to a polarographic cell, and deaerate by
bubbling nitrogen through the solution for 15 min. Insert the dropping mercury electrode of a

suitable polarograph (see Polarography 801 ), and record the polarogram from 0.2 to 1.4
volts versus the saturated calomel electrode. Determine the diffusion current of the Sample
solution, (id)U, as the difference between the residual current and the limiting current. Similarly
and concomitantly determine the diffusion current of the Standard solution, (id)S. Calculate the
quantity, in µg, of thimerosal (C6H9HgNaO2S) in each mL of the test specimen taken:

Result = 1.667C × [(id)U/(id)S]

C = concentration of thimerosal in the Standard solution (µg/mL)
(id)U = diffusion current of the Sample solution
(id)S = diffusion current of the Standard solution

BRIEFING

551  Alpha Tocopherol Assay, USP 36 page 216. As part of USP monograph modernization
efforts, the following changes are proposed:

1. Replace the current <551> title “Alpha Tocopherol Assay” with “Vitamin E Assay” to
broaden the assay scope which would include the alpha tocopheryl acetate and
alpha tocopheryl acid succinate forms of vitamin E.

2. Delete the alpha tocopherol Assay Procedure that is outdated and no longer being
referenced in monographs.

3. Apply the redesigned format to the entire chapter where applicable.
4. Consolidate all the existing chromatographic procedures in the various monographs by

migrating them to <551> which will serve as a center for cross-references for all
vitamin E procedures described in the individual monographs.

(DS: H. Dinh.)
Correspondence Number—C124418

Comment deadline: July 31, 2013

Change to read:

551  ALPHA TOCOPHEROL ASSAY

1S (USP37)

PF 39(3): May-Jun. 2013 61



VITAMIN E ASSAY

INTRODUCTION

Change to read:

The following procedure is provided for the determination of tocopherol as an ingredient.

The following liquid chromatographic procedures are provided for the determination of vitamin
E as an active pharmaceutical ingredient, as a dietary supplement ingredient, or as a
component in compendial dosage forms in the forms of alpha tocopherol (C29H50O2), alpha
tocopheryl acetate (C31H52O3), or alpha tocopheryl acid succinate (C33H54O5).

Throughout this assay, protect solutions containing, and derived from, the test specimen and
the Reference Standard from the atmosphere and light, preferably by the use of a blanket of
inert gas and low-actinic glassware. 
Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard.

Delete the following:
•  Hydrogenator— A suitable device for low-pressure hydrogenation may be assembled as

follows. Arrange in a rack or in clamps two conical centrifuge tubes, connected in series by
means of glass and inert plastic tubing and suitable stoppers of glass, polymer, or cork
(avoiding all use of rubber). Use one tube for the blank and the other for the assay
specimen. Arrange a gas-dispersion tube so that the hydrogen issues as bubbles at the
bottom of each tube. Pass the hydrogen first through the blank tube and then through the
specimen tube. 

ASSAY

Delete the following:
•  Procedure- Pipet into a suitable vessel 25 mL of the final washed ether solution of the

unsaponifiable fraction obtained as directed for When Tocopherol Is Present under

Procedure in the Vitamin A Assay 571 , and evaporate to about 5 mL. Without applying
heat, remove the remaining ether in a stream of inert gas or by vacuum. Dissolve the
residue in sufficient alcohol to give an expected concentration of about 0.15 mg of alpha
tocopherol per mL. Pipet 15 mL into a 50-mL centrifuge tube, add about 200 mg of
palladium catalyst, stir with a glass rod, and hydrogenate for 10 minutes in the
Hydrogenator, using hydrogen that has been passed through alcohol in a blank tube. Add
about 300 mg of chromatographic siliceous earth, stir with a glass rod, and immediately
centrifuge until the solution is clear. 
Test a 1-mL aliquot of the solution by removing the solvent by evaporation, dissolving the
residue in 1 mL of chloroform, and adding 10 mL of antimony trichloride TS: no detectable
blue color appears. [Note—If a blue color appears, repeat the hydrogenation for a longer
time period, or with a new lot of catalyst. ] 
Pipet 2 mL of the supernatant into a glass-stoppered, opaque flask, add 1.0 mL of a 1 in
500 solution of ferric chloride in dehydrated alcohol,* and begin timing the reaction,
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preferably with a stop watch. Add immediately 1.0 mL of a 1 in 200 solution of 2,2¢-
bipyridine in dehydrated alcohol, mix with swirling, add 21.0 mL of dehydrated alcohol,
close the tube, and shake vigorously to ensure complete mixing. When about 9½ minutes
have elapsed from the beginning of the reaction, transfer part of the mixture to one of a
pair of matched 1-cm spectrophotometer cells. After 10 minutes, accurately timed,
following the addition of the ferric chloride-dehydrated alcohol solution, determine the
absorbance at 520 nm, with a suitable spectrophotometer, using dehydrated alcohol as the
blank. Perform a blank determination with the same quantities of the same reagents and in
the same manner, but using 2 mL of dehydrated alcohol in place of the 2 mL of the
hydrogenated solution. Subtract the absorbance determined for the blank from that
determined for the assay specimen, and designate the difference as AD. 
Calculate the alpha tocopherol content, in mg, in the assay specimen taken by the
formula:

30.2 AD/(LCD)

in which AD is the corrected absorbance; L is the length, in cm, of the absorption cell; and CD

is the content of the assay specimen in the alcohol solution employed for the measurement
of absorbance, expressed as g, capsules, or tablets per 100 mL.

Add the following:
•  Procedure 1 

This is a neutral procedure that involves the use of dimethyl sulfoxide to dissolve the
excipients in the sample, followed by a liquid–liquid extraction of the vitamin E with hexane.
The hexane extract is then evaporated in vacuum to dryness and the residue is
reconstituted in methanol prior injection into the chromatograph. The procedure can be
used to determine vitamin E in Oil-Soluble Vitamins Tablets, Oil-Soluble Vitamins Capsules,
Oil-Soluble Vitamins with Minerals Tablets, Oil-Soluble Vitamins with Minerals Capsules, Oil-
and Water-Soluble Vitamins Tablets, Oil- and Water-Soluble Vitamins Capsules, Oil- and
Water-Soluble Vitamins with Minerals Tablets, and Oil- and Water-Soluble Vitamins with
Minerals Capsules. 
Unless specified in the individual monographs, the System suitability solution, Standard
solution, Sample solutions, and reagent solutions are prepared as follows.

Solution A:  Phosphoric acid solution (1 in 100) in water
Mobile phase:   Methanol and Solution A (19:1)
System suitability solution:  Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in

methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.

Standard solution:  2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol

Sample solution for Tablets:  Finely powder NLT 20 Tablets. Transfer a portion of the
powder typically equivalent to 20 mg of the vitamin E form under testing but not
exceeding 7.5 g of the powder, to a centrifuge tube having a polytef-lined screw cap. Add
about 2 mL of dimethyl sulfoxide per each g of powdered Tablets, and about 3 mL of n-
hexane each per g of powdered Tablets, and shake for 45 min on a shaker in a water bath

maintained at 60 . [Note—Set up the shaker to ensure that the contents of the container
are mixed vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the
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hexane layer by means of a pipet to a volumetric flask. [Note—Volumetric flask size: NLT
20 mL.] Add 3 mL of n-hexane per each g of powdered Tablets to the dimethyl sulfoxide
layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet to
the same volumetric flask. Repeat this extraction with three additional portions of n-
hexane. Dilute the extracts in the volumetric flask with n-hexane to volume. Transfer NLT
20 mL of this solution to a suitable container, and evaporate in vacuum at room
temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.

Sample solution for Capsules:  Transfer the contents of NLT 20 Capsules to a suitable
container, mix, and weigh. Transfer a portion of the mixture, typically equivalent to 20 mg
of the vitamin E form under testing but not exceeding 7.5 g of the mixture, to a centrifuge
tube having a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as
completely as possible, the contents of NLT 20 Capsules by cutting open the Capsule
shells, transferring the shells and their contents to a suitable container, and triturating to
a homogeneous mass. Transfer a portion of the mass, typically equivalent to 20 mg of the
vitamin E form under testing but not exceeding 7.5 g of the mixture to a centrifuge tube
having a polytef-lined screw cap.] Add about 2 mL of dimethyl sulfoxide per each g of
Capsule contents, and about 3 mL of n-hexane per each g of Capsule contents, and shake

for 45 min on a shaker in a water bath maintained at 60 . [Note—Set up the shaker to
ensure that the contents of the container are mixed vigorously and thoroughly.]
Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of a pipet to a
volumetric flask. [Note—Volumetric flask size: NLT 20 mL.] Add 3 mL of n-hexane per each
g of Capsule contents to the dimethyl sulfoxide layer, shake thoroughly for 5 min, and
transfer the hexane layer by means of a pipet to the same volumetric flask. Repeat this
extraction with three additional portions of n-hexane. Dilute the extracts in the volumetric
flask with n-hexane to volume. Transfer NLT 20 mL of this solution to a suitable container,
and evaporate in vacuum at room temperature to dryness. Transfer the residue with the
aid of methanol to a suitable volumetric flask, and dilute with methanol to volume to
obtain a concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha
tocopheryl acid succinate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  8-mm × 10-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are

about 0.5 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution

Tailing factor:  0.8–1.2, System suitability solution
Relative standard deviation:  NMT 3.0%, Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of alpha tocopherol, alpha tocopheryl
acetate, or alpha tocopheryl acid succinate in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the relevant vitamin E form from the Sample solution
rS= peak response of the relevant vitamin E form from the Standard solution
CS= concentration of the relevant vitamin E form of the corresponding USP Reference

Standard in the Standard solution (mg/mL)
CU= nominal concentration of the corresponding form of vitamin E in the Sample solution

(mg/mL)

Add the following:
•  Procedure 2 

This procedure involves the treatment of sample with methanolic sulfuric acid, followed by
extraction with 2,2,4-trimethylpentane. Sample preparation can be used for the formulation
containing vitamins A, D, and E. Application includes Oil-Soluble Vitamins Tablets, Oil-
Soluble Vitamins Capsules, Oil-Soluble Vitamins with Minerals Tablets, Oil-Soluble Vitamins
with Minerals Capsules, Oil- and Water-Soluble Vitamins Tablets, Oil- and Water-Soluble
Vitamins Capsules, Oil- and Water-Soluble Vitamins with Minerals Tablets, and Oil- and
Water-Soluble Vitamins with Minerals Capsules. 
Unless specified in the individual monographs, the System suitability solution, Standard
solution, Sample solutions, and reagent solutions are prepared as follows.

Mobile phase:  Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.

3 N methanolic sulfuric acid solution:  Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.

Sodium ascorbate–pyrogallol solution:  Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.

Lecithin solution:  5 mg/mL of lecithin in 2,2,4-trimethylpentane
System suitability solution:  2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha

Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution:  2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate

RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution for Tablets:  [Note—This preparation is suitable for the determination of

vitamin A, vitamin D, and vitamin E when present in the formulation. The sample amount
may be adjusted depending on the presence or absence of the appropriate vitamins.]
Finely powder NLT 20 Tablets. Use a portion of the powder nominally equivalent to an
amount 90 mg of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
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6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. Transfer a volume of the supernatant 2,2,4-
trimethylpentane layer to a suitable volumetric flask, the volume of the specimen
withdrawn from the 2,2,4-trimethylpentane layer and the size of the volumetric flask being
such that the final concentration of the Sample solution is equivalent to that of the
Standard solution. Evaporate nearly to dryness, add several mL of methanol, and
evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to volume.

Sample solution for Capsules:  [Note—This preparation is suitable for the determination of
vitamin A, vitamin D, and vitamin E when present in the formulation. The sample amount
may be adjusted depending on the presence or absence of the appropriate vitamins.]
Weigh NLT 20 Capsules in a tared weighing bottle. Using a sharp blade if necessary,
carefully open the Capsules, without loss of shell material, and transfer the contents to a
100-mL beaker. Remove any contents adhering to the empty shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 55 mg of vitamin E, to a container having a polytef-lined screw
cap. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-
trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant layer. Transfer a volume of the supernatant 2,2,4-
trimethylpentane layer to a suitable volumetric flask, the volume of the specimen
withdrawn from the 2,2,4-trimethylpentane layer and the size of the volumetric flask being
such that the final concentration of the Sample solution is equivalent to that of the
Standard solution. Evaporate nearly to dryness, add several mL of methanol, and
evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Sample:  System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,

and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively]
Suitability requirements 

Resolution:  NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol;
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
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solution
Relative standard deviation:  NMT 3.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of alpha tocopherol, alpha tocopheryl
acetate, alpha tocopheryl acid succinate in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the relevant vitamin E form from the Sample solution
rS= peak response of the relevant vitamin E form from the Standard solution
CS= concentration of the relevant vitamin E form of the corresponding USP Reference

Standard in the Standard solution (mg/mL)
CU= nominal concentration of the corresponding form of vitamin E in the Sample solution

(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and

the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]

Add the following:
•  Procedure 3 

This procedure involves the saponification of the sample, followed by a liquid–liquid
extraction of vitamin E from the sample with n-hexane. Evaporate the hexane extract to
dryness and reconstitute the residue in a mixture of acetonitrile and ethyl acetate (1:1).
The procedure can be used for Oil-Soluble Vitamins Tablets, Oil-Soluble Vitamins Capsules,
Oil-Soluble Vitamins with Minerals Tablets, Oil-Soluble Vitamins with Minerals Capsules, Oil-
and Water-Soluble Vitamins Tablets, Oil- and Water-Soluble Vitamins Capsules, Oil- and
Water-Soluble Vitamins with Minerals Tablets, Oil- and Water-Soluble Vitamins with
Minerals Capsules, Oil- and Water-Soluble Vitamins Oral Solution, and Oil- and Water-
Soluble Vitamins with Minerals Oral Solution. 
Unless specified in the individual monographs, the Standard solution, Sample solutions, and
reagent solutions are prepared as follows.

Mobile phase:  Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Diluent:  Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution:  [Note—Used for the Oral Solution sample.] Transfer 90 g

of potassium hydroxide pellets to a 100-mL volumetric flask containing 60 mL of water. Mix
to dissolve, cool, and dilute with water to volume.

Standard solution:  0.3 mg/mL of USP Alpha Tocopherol RS in Diluent
Sample solution for Tablets:  Finely powder NLT 20 Tablets. Transfer a portion of the

powder, equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-
glass joint. Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium

hydroxide pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with
the aid of a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with
50 mL of n-hexane, and add the rinsing to the separatory funnel. Insert the stopper,
shake vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts

1S (USP37)

PF 39(3): May-Jun. 2013 67



with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the

hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.

Sample solution for Capsules:  Weigh NLT 20 Capsules in a tared weighing bottle. Open
the Capsules, without loss of shell material, and transfer the contents to a 100-mL
beaker. Remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to an amount of 8.0 mg of alpha tocopherol, to a glass-stoppered
conical flask. Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of

potassium hydroxide pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and
transfer with the aid of a minimum volume of water to a 125-mL separatory funnel. Rinse
the flask with 50 mL of n-hexane, and add the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 60 s, and allow the layers to separate. Drain the aqueous
layer into a second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-
hexane. Discard the aqueous layer, and combine the hexane extracts. Wash the combined
extracts with 25 mL of water, allow the layers to separate, and discard the aqueous layer.
Add 3 drops of glacial acetic acid, and repeat the washing procedure two more times.
Filter the washed hexane layer through anhydrous sodium sulfate into a 250-mL round-
bottom flask. Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the
rinsing to the hexane solution in the flask. Place the flask in a water bath maintained at 50

, and evaporate the hexane solution with the aid of a rotary evaporator to dryness.
Immediately add 25.0 mL of Diluent, and swirl to dissolve the residue.

Sample solution for Oral Solution:  Transfer an amount of Oral Solution equivalent to 1.5
mg of alpha tocopherol to a 125-mL conical flask fitted with a ground-glass joint, and add
25.0 mL of dehydrated alcohol. Attach a reflux condenser, and reflux in a boiling water
bath for 1 min. Cautiously add 3 mL of Potassium hydroxide solution through the
condenser, and continue to reflux for 30 min. Remove the flask from the bath, and rinse
the condenser with about 15 mL of water. Cool, and transfer with a minimum volume of
water to a 250-mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the
rinsings to the separatory funnel. Insert the stopper, shake vigorously for 1 min, and allow
the layers to separate. Drain the aqueous layer into a second 250-mL separatory funnel,
and repeat the extraction with 50 mL of n-hexane. Discard the aqueous layer, and
combine the hexane extracts. Wash the combined extracts with 25 mL of water, allow the
layers to separate, and discard the aqueous layer. Add 3 drops of glacial acetic acid, and
repeat the washing procedure two more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium
sulfate with n-hexane, and add the rinsing to the hexane solution in the flask. Evaporate
the hexane solution to dryness with the aid of a rotary evaporator over a water bath

maintained at about 50 . Immediately add 5.0 mL of Diluent, and swirl to dissolve the
residue.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 291 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  40
Flow rate:  3 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of vitamin E, as alpha tocopherol, in the
portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of alpha tocopherol from the Sample solution
rS= peak response of alpha tocopherol from the Standard solution
CS= concentration of the USP Alpha Tocopherol RS in the Standard solution (mg/mL)
CU= nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution (mg/mL)
[Note—Calculate the alpha tocopherol equivalent of alpha tocopheryl acetate, or alpha

tocopheryl acid succinate by multiplying their contents by the factors 0.91 or 0.81,
respectively.]

Add the following:
•  Procedure 4 

The following gas chromatographic procedure is provided for the determination of vitamin E
as an active pharmaceutical ingredient, as a dietary supplement ingredient, or as a
component in compendial dosage forms. It can be used for vitamin E raw material, vitamin
E capsules, or vitamin E preparation. 
Unless specified in the individual monographs, the Standard solutions, Sample solutions,
and reagent solutions are prepared and used appropriately as follows.

Internal standard solution:  10 mg/mL of squalane in cyclohexane
System suitability solution:  0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha

Tocopheryl Acetate RS in cyclohexane
Standard solution 1:  10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution.
Standard solution 2:  10 mg/mL of USP Alpha Tocopheryl Acetate RS in Internal standard

solution
Standard solution 3:  Transfer 30.0 mg of USP Alpha Tocopheryl Acid Succinate RS into a

20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-dimethoxypropane, and 0.1 mL of
hydrochloric acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h
± 5 min. Remove from the dark, uncap, and evaporate just to dryness on a steam bath
with the aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on
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a vortex mixer to dissolve.
Sample solutions for Active Pharmaceutical Ingredient 

Sample solution 1 (vitamin E as alpha tocopherol or alpha tocopheryl acetate):  10
mg/mL of Vitamin E (d- or dl-alpha tocopherol or d- or dl-alpha tocopheryl acetate) in
Internal standard solution

Sample solution 2 (vitamin E as alpha tocopheryl acid succinate):  Transfer 30.0 mg
of Vitamin E (d- or dl-alpha tocopheryl acid succinate) into a 20-mL vial. Add 2.0 mL of
methanol, 1.0 mL of 2,2-dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial.
Cap tightly, and sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the
dark, uncap, and evaporate just to dryness on a steam bath with the aid of a stream of
nitrogen. Add 3.0 mL of Internal standard solution, and mix on a vortex mixer to
dissolve.

Sample solutions for Vitamin E Preparation 
Sample solution 1 (vitamin E as alpha tocopherol or alpha tocopheryl acetate in

liquid form):  Dissolve a portion of Preparation in Internal standard solution to prepare a
Vitamin E (d- or dl-alpha tocopherol or d- or dl-alpha tocopheryl acetate) solution with
nominal concentration of 10 mg/mL.

Sample solution 2 (vitamin E as alpha tocopheryl acid succinate in liquid form):
 Transfer a portion of Preparation, equivalent to 30.0 mg of Vitamin E (d- or dl-alpha
tocopheryl acid succinate), into a 20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-
dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial. Cap tightly, and
sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the dark, uncap, and
evaporate just to dryness on a steam bath with the aid of a stream of nitrogen. Add 3.0
mL of Internal standard solution, and mix on a vortex mixer to dissolve.

Sample solution 3 (vitamin E as alpha tocopherol or alpha tocopheryl acetate in
solid form):  Transfer a portion of Preparation, equivalent to 50 mg of alpha tocopherol
or alpha tocopheryl acetate, into a flask suitable for refluxing. Add 5 mL of water, and

heat on a water bath at 60  for 10 min. Add 25 mL of alcohol, and reflux for 30 min.
Cool, and transfer to a separator with the aid of 50 mL of water and 50 mL of ether.
Shake vigorously, allow the layers to separate, and collect each layer in individual
separators. Extract the aqueous layer with two 25-mL portions of ether, combining the
extracts with the original ether layer. Wash the combined extract with one 25-mL
portion of water, filter the ether solutions through 1 g of anhydrous sodium sulfate, and
with the aid of a stream of nitrogen evaporate the ether solution on a water bath,
controlled at a temperature that will not cause the ether solution to boil over. Remove
the container from the water bath when 5 mL remains, and complete the evaporation
without the application of heat. Dissolve the residue in Internal standard solution to
prepare a Vitamin E (d- or dl-alpha tocopherol or d- or dl-alpha tocopheryl acetate)
solution with nominal concentration of 10 mg/mL.

Sample solution 4 (vitamin E as alpha tocopheryl acid succinate in solid form):
 Transfer a portion of Preparation, equivalent to 30 mg of Vitamin E (d- or dl-alpha
tocopheryl acid succinate), into a flask suitable for refluxing. Add 5 mL of water, and

heat on a water bath at 60  for 10 min. Add 25 mL of alcohol, and reflux for 30 min.
Cool, and transfer to a separator with the aid of 50 mL of water and 50 mL of ether.
Shake vigorously, allow the layers to separate, and collect each layer in individual
separators. Extract the aqueous layer with two 25-mL portions of ether, combining the
extracts with the original ether layer. Wash the combined extract with one 25-mL
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portion of water, filter the ether solutions through 1 g of anhydrous sodium sulfate, and
with the aid of a stream of nitrogen evaporate the ether solution on a water bath,
controlled at a temperature that will not cause the ether solution to boil over. Remove
the container from the water bath when 5 mL remains. Quantitatively transfer the
remains into a 20-mL vial, and complete the evaporation without the application of heat.
Add 2.0 mL of methanol, 1.0 mL of 2,2- dimethoxypropane, and 0.1 mL of hydrochloric
acid to the vial. Cap tightly, and sonicate. Allow to stand in the dark for 1 h ± 5 min.
Remove from the dark, uncap, and evaporate just to dryness on a steam bath with the
aid of a stream of nitrogen. Add 3.0 mL of Internal standard solution, and mix on a
vortex mixer to dissolve.

Sample solutions for Vitamin E Capsules 
Sample solution 1 (vitamin E as alpha tocopherol or alpha tocopheryl acetate):

 Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp knife or by other
appropriate means, carefully open the Capsules, without loss of the shell material, and
transfer the combined Capsule content to a 100-mL beaker. Remove any adhering
substance from the emptied Capsules by washing with several small portions of n-
hexane. Discard the washings, and allow the empty Capsules to dry in a current of dry
air until the odor of n-hexane is no longer perceptible. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average net weight per Capsule.
Dissolve a portion of the combined Capsule contents in Internal standard solution to
prepare a Vitamin E (d- or dl-alpha tocopherol or d- or dl-alpha tocopheryl acetate)
solution with a nominal concentration of 10 mg/mL.

Sample solution 2 (vitamin E as alpha tocopheryl acid succinate):  Weigh NLT 10
Capsules in a tared weighing bottle. With a sharp knife or by other appropriate means,
carefully open the Capsules, without loss of the shell material, and transfer the
combined Capsule content to a 100-mL beaker. Remove any adhering substance from
the emptied Capsules by washing with several small portions of n-hexane. Discard the
washings, and allow the empty Capsules to dry in a current of dry air until the odor of n-
hexane is no longer perceptible. Weigh the empty Capsules in the original tared weighing
bottle, and calculate the average net weight per Capsule. Transfer a portion of the
combined Capsule contents, equivalent to 30.0 mg of Vitamin E (d- or dl-alpha
tocopheryl acid succinate), into a 20-mL vial. Add 2.0 mL of methanol, 1.0 mL of 2,2-
dimethoxypropane, and 0.1 mL of hydrochloric acid to the vial. Cap tightly, and
sonicate. Allow to stand in the dark for 1 h ± 5 min. Remove from the dark, uncap, and
evaporate just to dryness on a steam bath with the aid of a stream of nitrogen. Add 3.0
mL of Internal standard solution, and mix on a vortex mixer to dissolve.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame Ionization
Column:  0.25-mm × 30-m fused silica capillary, bonded with a 0.25-µm film of phase G2
Temperatures 

Column:  280

Injection port:  290

Detector:  290
Carrier gas:  Helium
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Flow rate:  1.5 mL/min
Split ratio:  100:1
Injection volume:  1 µL

System suitability 
Samples:  System suitability solution and appropriate Standard solution
Suitability requirements 

Resolution:  NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate, System
suitability solution

Relative standard deviation:  NMT 2.0% for ratios of relevant vitamin E form to
internal standard peak responses from replicate injections, appropriate Standard
solution

Analysis 
Samples:  Appropriate Standard solution and appropriate Sample solution

Calculate the percentage of vitamin E in terms of alpha tocopherol, alpha tocopheryl
acetate, or alpha tocopheryl acid succinate in the portion of the sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU= internal standard ratio (peak response of relevant vitamin E form/peak response of the
internal standard) from the appropriate Sample solution

RS= internal standard ratio (peak response of relevant vitamin E form/peak response of the
internal standard) from the appropriate Standard solution

CS= concentration of the corresponding USP Reference Standard in the appropriate
Standard solution (mg/mL)

CU= nominal concentration of the corresponding form of vitamin E in the appropriate Sample
solution (mg/mL)

Add the following:
•  Procedure 5 

The following gas chromatographic procedure is provided for the determination of vitamin E
(as d- or dl-alpha tocopherol) in a mixture formed by the esterification of d-alpha
tocopheryl acid succinate and polyethylene glycol. It can be used for Vitamin E
Polyethylene Glycol Succinate. 
Unless specified in the individual monographs, the Standard solutions, Sample solutions,
and reagent solutions are prepared as follows.

Solvent:  0.25 mL of phenolphthalein TS in 1 L of alcohol
Internal standard solution:  12 mg/mL of ethyl arachidate in isooctane
Standard solution:  Transfer 32.5 mg of USP Alpha Tocopherol RS to a suitable reaction

flask. Add 2 mL of pyridine and 0.5 mL of N,O-bis(trimethylsilyl)trifluoroacetamide with 1%

trimethylchlorosilane, and heat the flask at 100  for 10 min. Cool the flask, add 5.0 mL of
Internal standard solution followed by 20 mL of isooctane, and shake.

Sample solution:  Transfer a quantity equivalent to 0.100–0.160 g of Vitamin E

Polyethylene Glycol Succinate molten at 60  to a culture tube (about 20 cm long and 2.5
cm in diameter) equipped with a screw cap. Add 40–50 mg of ascorbic acid and a few
boiling chips, followed by 20 mL of Solvent. [Note—Reflux the solution gently without

emission of contents.] Place the tube in a heating block set at 100 –150 .] When the
sample is fully dissolved, add 0.25 g of potassium hydroxide, and continue to reflux for 30
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min. Remove the tube from heat, and while contents are still hot, add 1–2 mL of
hydrochloric acid dropwise until the pink coloration disappears. [Caution—Exothermic
reaction. Allow the acid to trickle down the inside of the tube to prevent splashing.] Cool
the tube, then wash the sides of the tube with 20 mL of water. Add 5.0 mL of Internal
standard solution, cap, and shake to ensure thorough mixing. Allow the tube to stand until
two distinct layers are formed. Transfer 2.5–3.5 mL of the upper layer into a suitable
reaction flask, and add 2.0 mL of pyridine followed by 2.5 mL of N,O-

bis(trimethylsilyl)trifluoroacetamide with 1% trimethylchlorosilane. Heat the flask at 100
for 10 min. Cool, and then add 12 mL of isooctane.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame Ionization
Column:  0.25-mm × 15-m fused silica capillary, bonded with a 0.25-µm film of phase G

27
Temperatures 

Injection port:  280

Detector:  345
Column:  See Table 1.

Table 1

Initial 
Temperature

( )

Temperature
Ramp

( /min)

Final 
Temperature

( )

Hold Time at 
Final Temperature

(min)

260 20 340 1
Carrier gas:  Helium
Flow rate:  1.5 mL/min
Split ratio:  200:1
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for the alpha tocopherol peak
Relative standard deviation:  NMT 2.0% for the ratio of the alpha tocopherol peak

response to the internal standard peak response from replicate injections
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of vitamin E as d-alpha tocopherol in the portion of the sample
taken:

Result = (RU/RS) × (WS/WU) × 100

RU= internal standard ratio (peak response of alpha tocopherol/peak response of the
internal standard) from the Sample solution

RS= internal standard ratio (peak response of alpha tocopherol/peak response of the
internal standard) from the Standard solution

WS= weight of USP Alpha Tocopherol RS used to prepare the Standard solution (mg)
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WU= weight of Vitamin E Polyethylene Glycol Succinate taken to prepare the Sample solution
(mg)

ADDITIONAL REQUIREMENTS

Add the following:

•  USP Reference Standards 11
USP Alpha Tocopherol RS 
USP Alpha Tocopheryl Acetate RS 
USP Alpha Tocopheryl Acid Succinate RS 
USP Ergocalciferol RS 

* note—The absorbance of the blank may be reduced, and the precision of the determination thereby
improved, by purification of the dehydrated alcohol that is used throughout the assay. Purification may be
accomplished by the addition of a few crystals (about 0.02%) of potassium permanganate and of a few pellets
of potassium hydroxide to the dehydrated alcohol, and subsequent redistillation.

BRIEFING

<726> Electrophoresis, USP 36 page 318. The General Chapters—Biological Analysis Expert
Committee recommended omitting this general chapter due to lack of useful, specific methods
with system suitability criteria that are expected in a mandatory (below 1000) test chapter
used in the monographs. Links to impacted monographs will also be omitted when the chapter
becomes official.

(GCBA: M. Kibbey.)
Correspondence Number—C127246

Comment deadline: July 31, 2013

Delete the following:

726  ELECTROPHORESIS

Electrophoresis refers to the migration of electrically charged proteins, colloids, molecules, or
other particles when dissolved or suspended in an electrolyte through which an electric current
is passed. 
Based upon the type of apparatus used, electrophoretic methods may be divided into two
categories, one called free solution or moving boundary electrophoresis and the other called
zone electrophoresis. 
In the free solution method, a buffered solution of proteins in a U-shaped cell is subjected to
an electric current which causes the proteins to form a series of layers in order of decreasing
mobility, which are separated by boundaries. Only a part of the fastest moving protein is
physically separated from the other proteins, but examination of the moving boundaries using a
schlieren optical system provides data for calculation of mobilities and information on the
qualitative and quantitative composition of the protein mixture. 
In zone electrophoresis, the sample is introduced as a narrow zone or spot in a column, slab, or
film of buffer. Migration of the components as narrow zones permits their complete separation.
Remixing of the separated zones by thermal convection is prevented by stabilizing the
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electrolyte in a porous matrix such as a powdered solid, or a fibrous material such as paper, or
a gel such as starch, agar, or polyacrylamide. 
Various methods of zone electrophoresis are widely employed. Gel electrophoresis, particularly
the variant called disk electrophoresis, is especially useful for protein separation because of its
high resolving power. 
Gel electrophoresis, which is employed by the compendium, is discussed in more detail following
the presentation of some theoretical principles and methodological practices, which are shared
in varying degrees by all electrophoretic methods. 
The electrophoretic migration observed for particles of a particular substance depends on
characteristics of the particle, primarily its electrical charge, its size or molecular weight, and
its shape, as well as characteristics and operating parameters of the system. These latter
include the pH, ionic strength, viscosity and temperature of the electrolyte, density or cross-
linking of any stabilizing matrix such as gel, and the voltage gradient employed.

Effect of Charge, Particle Size, Electrolyte Viscosity, and Voltage Gradient—Electrically charged
particles migrate toward the electrode of opposite charge, and molecules with both positive
and negative charges move in a direction dependent on the net charge. The rate of migration is
directly related to the magnitude of the net charge on the particle and is inversely related to
the size of the particle, which in turn is directly related to its molecular weight. 
Very large spherical particles, for which Stokes' law is valid, exhibit an electrophoretic mobility,
u0, which is inversely related to the first power of the radius as depicted in the equation:

u0 = v/E = Q/6 r

where  is the velocity of the particle, E is the voltage gradient imposed on the electrolyte, Q

is the charge on the particle, r is the particle radius, and  is the viscosity of the electrolyte.
This idealized expression is strictly valid only at infinite dilution and in the absence of a
stabilizing matrix such as paper or a gel. 
Ions, and peptides up to molecular weights of at least 5000, particularly in the presence of
stabilizing media, do not obey Stokes' law, and their electrophoretic behavior is best described
by an equation of the type:

u0 = Q/A r2

where A is a shape factor generally in the range of 4 to 6, which shows an inverse dependence
of the mobility on the square of the radius. In terms of molecular weight, this implies an inverse
dependence of mobility on the 2/3 power of the molecular weight.

Effect of pH—The direction and rate of migration of molecules containing a variety of ionizable
functional groups, such as amino acids and proteins, depends upon the pH of the electrolyte.
For instance, the mobility of a simple amino acid such as glycine varies with pH approximately
as shown in Figure 1.

Figure 1
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The pKa values of 2.2 and 9.9 coincide with the inflection points of the sigmoid portions of the
plot. Since the respective functional groups are 50% ionized at the pH values where pH = pKa,
the electrophoretic mobilities at these points are half of the value observed for the fully ionized
cation and anion obtained at very low and very high pH, respectively. The zwitterion that
exists at the intermediate pH range is electrically neutral and has zero mobility.

Effect of Ionic Strength and Temperature—Electrophoretic mobility decreases with increasing
ionic strength of the supporting electrolyte. Ionic strength, µ, is defined as:

µ = 0.5SCiZi
2

where Ci is the concentration of an ion in moles per L and Zi is its valence, and the sum is
calculated for all ions in the solution. For buffers in which both the anion and cation are
univalent, ionic strength is identical with molarity. 
Ionic strengths of electrolytes employed in electrophoresis commonly range from about 0.01 to
0.10. A suitable strength is somewhat dependent on the sample composition, since the buffer
capacity must be great enough to maintain a constant pH over the area of the component
zones. Zones become sharper or more compact as ionic strength is increased. 

Temperature affects mobility indirectly, since the viscosity, , of the supporting electrolyte is

temperature-dependent. The viscosity of water decreases at a rate of about 3% per C in the

range of 0  to 5  and at a slightly lower rate in the vicinity of room temperature. Mobility,
therefore, increases with increasing electrolyte temperature. 
Considerable heat is evolved as a result of current passing through the supporting electrolyte.
This heat increases with the applied voltage and with increasing ionic strength. Particularly in
larger apparatus, despite the circulation of a coolant, this heat produces a temperature
gradient across the bed which may lead to distortion of the separated zones. Therefore,
practical considerations and the design of the particular apparatus dictate the choice of ionic
strength and operating voltage.

Effect of a Stabilizing Medium, Electroosmosis—When an electrical current is passed through an
electrolyte contained in a glass tube or contained between plates of glass or plastic, a bulk
flow of the electrolyte toward one of the electrodes is observed. This flow is called
electroosmosis. It results from the surface charge on the walls of the apparatus, which arises
either from ionizable functional groups inherent in the structural material or from ions adsorbed
on the cell walls from the electrolyte contacting them. The effect is usually increased when the
cell is filled with a bed of porous substance, such as a gel, used to stabilize the supporting
electrolyte and prevent remixing of separated zones by thermal convection or diffusion. The
solution immediately adjacent to the surface builds up an electrical charge, equal but opposite
to the surface charge, and the electrical field traversing the cell produces a movement of
solution toward the electrode of opposite charge. 
The substances commonly used as stabilizing media in zone electrophoresis develop a negative
surface charge, and therefore electroosmotic flow of the electrolyte is toward the cathode. As
a result, all zones, including neutral substances, are carried toward the cathode during the
electrophoretic run. 
The degree of electroosmosis observed varies with the stabilizing substance. It is appreciable
with agar gel, while it is negligibly small with polyacrylamide gel.

Molecular Sieving—In the absence of a stabilizing medium or in cases where the medium is very
porous, electrophoretic separation of molecules results from differences in the ratio of their
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electrical charge to their size. In the presence of a stabilizing medium, differences in adsorptive
or other affinity of molecules for the medium introduces a chromatographic effect that may
enhance the separation. 
If the stabilizing medium is a highly cross-linked gel such that the size of the resultant pores is
of the order of the dimensions of the molecules being separated, a molecular sieving effect is
obtained. This effect is analogous to that obtained in separations based on gel permeation or
molecular exclusion chromatography, but in gel electrophoresis the effect is superimposed on
the electrophoretic separation. Molecular sieving may be visualized to result from a steric
barrier to the passage of larger molecules. Small molecules pass through pores of a wide size
range, and therefore their electrophoretic passage through the gel will not be impeded. As size
increases, fewer pores will permit passage of the molecules, causing a retardation of the
migration of substances of large molecular weight.

Gel Electrophoresis

Processes employing a gel such as agar, starch, or polyacrylamide as a stabilizing medium are
broadly termed gel electrophoresis. The method is particularly advantageous for protein
separations. The separation obtained depends upon the electrical charge to size ratio coupled
with a molecular sieving effect dependent primarily on the molecular weight. 
Polyacrylamide gel has several advantages that account for its extensive use. It has minimal
adsorptive properties and produces a negligible electroosmotic effect. Gels of a wide range of
pore size can be reproducibly prepared by varying the total gel concentration (based on
monomer plus cross-linking agent) and the percentage of cross-linking agent used to form the
gel. These quantities are conveniently expressed as

T(%) = [(a + b)/V] × 100

C(%) = [b/(a + b)] × 100

where T is the total gel concentration in %; C is the percentage of cross-linking agent used to
prepare the gel; V is the volume, in mL, of buffer used in preparing the gel; and a and b are the
weights, in g, of monomer (acrylamide) and cross-linking agent (usually N,N¢-
methylenebisacrylamide) used to prepare the gel. Satisfactory gels ranging in concentration (T)
from about 3% to 30% have been prepared. The amount of cross-linking agent is usually about
one-tenth to one-twentieth of the quantity of monomer (C = 10% to 5%), a smaller
percentage being used for higher values of T. 
In the preparation of the gel, the bed of the electrophoresis apparatus is filled with an aqueous
solution of monomer and cross-linking agent, usually buffered to the pH desired in the later run,
and polymerized in place by a free radical process. Polymerization may be initiated by a
chemical process, frequently using ammonium persulfate plus N,N,N¢,N¢-tetramethylenediamine
or photochemically using a mixture of riboflavin and N,N,N¢,N¢-tetramethylenediamine.
Polymerization is inhibited by molecular oxygen and by acidic conditions. The gel composition
and polymerization conditions chosen must be adhered to rigorously to ensure reproducible
qualities of the gel.

Apparatus for Gel Electrophoresis—In general, the bed or medium in which electrophoresis is
carried out may be supported horizontally or vertically, depending upon the design of the
apparatus. A series of separations to be compared may also be carried out in several individual
tubes or by placing different samples in adjacent wells, cast or cut into a single slab of gel. A
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vertical slab assembly such as that depicted schematically in Figure 2.

Figure 2. Vertical slab gel electrophoresis apparatus.
is convenient for direct comparison of several samples. A particular advantage derives from the
comparison of the samples in a single bed of gel which is likely to be more uniform in
composition than gels cast in a series of chambers. 
A feature of many types of apparatus, not illustrated in the schematic view, seals the lower
buffer chamber to the base of the bed and allows the level of the buffer in the lower chamber
to be made equal to that in the upper chamber, thereby eliminating hydrostatic pressure on the
gel. In addition, some units provide for the circulation of coolant on one or both sides of the gel
bed. 
In the preparation of the gel, the base of the gel chamber is closed with a suitable device and
the unit is filled with the solution of monomer, cross-linking agent, and catalyst. A comb,
having teeth of an appropriate size, is inserted in the top, and polymerization is allowed to
proceed to completion. Removal of the comb leaves a series of sample wells in the polymerized
gel. 
In simple gel electrophoresis, an identical buffer is used to fill the upper and lower buffer
chambers as well as in the solution used to prepare the gel. After filling the chambers, the
samples, dissolved in sucrose or other dense and somewhat viscous solution to prevent
diffusion, are introduced with a syringe or micropipet into the bottoms of the sample wells, and
the electrophoresis is begun immediately thereafter.

DISK ELECTROPHORESIS

An important variant of polyacrylamide gel electrophoresis, which employs a discontinuous
series of buffers and often also a discontinuous series of gel layers, is called disk
electrophoresis. The name is derived from the discoid shape of the very narrow zones that
result from the technique. As a result of the narrow zones produced, this technique exhibits an
extremely high resolving power and is to be recommended for the characterization of protein
mixtures and for the detection of contaminants that may have mobilities close to that of the
major component. 
The basis of disk electrophoresis is outlined in the following paragraphs with reference to an
anionic system suitable for separating proteins bearing a net negative charge. To understand
disk electrophoresis, it is essential to have a knowledge of the general aspects of
electrophoresis and the apparatus already described.

Basis of Disk Electrophoresis—The high resolution obtained in disk electrophoresis depends
on the use of a buffer system that is discontinuous with respect to both pH and composition.
This is usually combined with a discontinuous series of two or three gels that differ in density. 
A typical system is illustrated schematically in Figure 3.
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Figure 3. Terminology, buffer pH, and buffer composition for acrylamide gel disk electrophoresis.

A high density (T = 10% to 30%) separating gel several centimeters high is polymerized in a
tris-chloride buffer in the bed of the apparatus. During polymerization the buffer is overlayered
with a thin layer of water to prevent fixation of a meniscus in the top of the gel. The overlayer
of water is then removed and a thin layer, 3 mm to 10 mm thick, of low density (T = 3%) gel,
called the spacer or stacking gel, is polymerized in a tris-chloride buffer on top of the
separating gel. An overlayer of water is again used to ensure a flat surface. The sample is
mixed with a small amount of the spacer gel monomer solution which is applied on top of the
spacer gel and allowed to polymerize. The pH of the separating gel is typically 8.9, while that of
the spacer and sample gels is 6.7. All three gels are prepared using chloride as the anion. 
The upper and lower buffer reservoirs are filled with a pH 8.3 buffer prepared from tris and
glycine. At this pH about 3% of the glycine molecules bear a net negative charge. 
When a voltage is applied across the system, the glycinate-chloride interface moves downward
toward the anode. It was initially positioned at the junction of the buffer in the upper reservoir
and the top of the sample gel layer. The chloride anion, by virtue of its small size, migrates
faster than any of the proteins present in the sample. The pH of the sample and spacer layers
was chosen to be about 3 units below the higher pKa of glycine. Therefore, in traversing these
layers, only about 0.1% of the glycine molecules bear a net negative charge. Consequently,
glycine migrates more slowly than chloride. The tendency for the faster-moving chloride to
move away from glycinate lowers the concentration at the interface, producing a greater
voltage drop at the interface, which in turn causes the glycinate to catch up to the chloride.
Under these conditions, a very sharp interface is maintained, and as it moves through the
sample and spacer layers, the proteins in the sample tend to stack themselves at the interface
in very thin layers in order of mobility. The process is called stacking and is the source of the
disks which are separated. 
When the stacked proteins reach the high-density separating gel, they are slowed down by a
molecular sieving process. The higher pH encountered in the running gel also causes the
glycinate to migrate faster, so that the discontinuous buffer interface overtakes the proteins
and eventually reaches the bottom of the separating gel. During this period, the disks of protein
continue to separate by electrophoresis and molecular sieving in the separating gel. At the end
of the run, the pH of the separating gel will have risen above its original value of 8.9 to a value
of about pH 9.5.

Relative Mobility—Bromophenol blue is often used as a standard for calculating the relative
mobility of separated zones and to judge visually the progress of a run. It may be added to one
of the sample wells, or mixed with the sample itself, or simply added to the buffer in the upper
sample reservoir. 
Relative mobility, MB, is calculated as:

MB = distance from origin to sample zone/distance from origin to bromophenol blue zone
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Visualization of Zones—Since polyacrylamide is transparent, protein bands may be located by
scanning in a densitometer with UV light. The zones may be fixed by immersing in protein
precipitants such as phosphotungstic acid or 10% trichloroacetic acid. A variety of staining
reagents including naphthalene black (amido black) and Coomassie brilliant blue R250 may be
used. The fixed or stained zones may be conveniently viewed and photographed with
transmitted light from an X-ray film illuminator.

SAFETY PRECAUTIONS

Voltages used in electrophoresis can readily deliver a lethal shock. The hazard is increased by
the use of aqueous buffer solutions and the possibility of working in damp environments. 
The equipment, with the possible exception of the power supply, should be enclosed in either a
grounded metal case or a case made of insulating material. The case should have an interlock
that deenergizes the power supply when the case is opened, after which reactivation should be
prevented until activation of a reset switch is carried out. 
High-voltage cables from the power supply to the apparatus should preferably be a type in
which a braided metal shield completely encloses the insulated central conductor, and the
shield should be grounded. The base of the apparatus should be grounded metal or contain a
grounded metal rim which is constructed in such a way that any leakage of electrolyte will
produce a short which will deenergize the power supply before the electrolyte can flow beyond
the protective enclosure. 
If the power supply contains capacitors as part of a filter circuit, it should also contain a
bleeder resistor to ensure discharge of the capacitors before the protective case is opened. A
shorting bar that is activated by opening the case may be considered as an added precaution. 
Because of the potential hazard associated with electrophoresis, laboratory personnel should be
completely familiar with electrophoresis equipment before using it.

BRIEFING

851  Spectrophotometry and Light-Scattering, USP 36 page 420. As a result of the
development of specific chapters for UV-Vis, Mid IR, atomic absorption, and fluorescence

spectroscopy, the scope of general test chapter 851  has been revised. The new 851  will
focus on light-scattering techniques (specifically turbidimetry and nephelometry) and visual
comparison. The text in this proposal corresponds, in its majority, to the existing text in the

current 851  relevant to these techniques. The new proposed title reflects the change in the
focus of the chapter.

(GCCA: H. Pappa.)
Correspondence Number—C128975

Comment deadline: July 31, 2013

Change to read:

851  SPECTROPHOTOMETRY AND LIGHT-SCATTERING
LIGHT-SCATTERING AND VISUAL COMPARISON

Change to read:

ULTRAVIOLET, VISIBLE, INFRARED, ATOMIC ABSORPTION, FLUORESCENCE,
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TURBIDIMETRY, NEPHELOMETRY, AND RAMAN MEASUREMENT
LIGHT-SCATTERING

Absorption spectrophotometry is the measurement of an interaction between electromagnetic
radiation and the molecules, or atoms, of a chemical substance. Techniques frequently
employed in pharmaceutical analysis include UV, visible, IR, and atomic absorption
spectroscopy. Spectrophotometric measurement in the visible region was formerly referred to
as colorimetry; however, it is more precise to use the term “colorimetry” only when considering
human perception of color.

Fluorescence spectrophotometry is the measurement of the emission of light from a chemical
substance while it is being exposed to UV, visible, or other electromagnetic radiation. In
general, the light emitted by a fluorescent solution is of maximum intensity at a wavelength
longer than that of the exciting radiation, usually by some 20 to 30 nm.

Light-Scattering involves measurement of the light scattered because of submicroscopic optical
density inhomogeneities of solutions and is useful in the determination of weight-average
molecular weights of polydisperse systems in the molecular weight range from 1000 to several
hundred million. Two such techniques utilized in pharmaceutical analysis are turbidimetry and
nephelometry. 
Terms commonly used in light-scattering techniques are:

Turbidance [Symbol: S]—The light-scattering effect of suspended particles. The amount of
suspended matter may be measured by observation of either the transmitted light
(turbidimetry) or the scattered light (nephelometry). 

Turbidity [Symbol: ]—In light-scattering measurements, the turbidity is the measure of the
decrease in incident beam intensity per unit length of a given suspension.

Raman spectroscopy (inelastic light-scattering) is a light-scattering process in which the
specimen under examination is irradiated with intense monochromatic light (usually laser light)
and the light scattered from the specimen is analyzed for frequency shifts.

The wavelength range available for these measurements extends from the short wavelengths of
the UV through the IR. For convenience of reference, this spectral range is roughly divided into
the UV (190 to 380 nm), the visible (380 to 780 nm), the near-IR (780 to 3000 nm), and the IR

(2.5 to 40 µm or 4000 to 250 cm 1).

Delete the following:

COMPARATIVE UTILITY OF SPECTRAL RANGES

For many pharmaceutical substances, measurements can be made in the UV and visible regions
of the spectrum with greater accuracy and sensitivity than in the near-IR and IR. When
solutions are observed in 1-cm cells, concentrations of about 10 µg of the specimen per mL
often will produce absorbances of 0.2 to 0.8 in the UV or the visible region. In the IR and near-
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IR, concentrations of 1 to 10 mg per mL and up to 100 mg per mL, respectively, may be needed
to produce sufficient absorption; for these spectral ranges, cell lengths of from 0.01 mm to
upwards of 3 mm are commonly used. 
The UV and visible spectra of substances generally do not have a high degree of specificity.
Nevertheless, they are highly suitable for quantitative assays, and for many substances they
are useful as additional means of identification. 
There has been increasing interest in the use of near-IR spectroscopy in pharmaceutical
analysis, especially for rapid identification of large numbers of samples, and also for water
determination. 
The near-IR region is especially suitable for the determination of –OH and –NH groups, such as
water in alcohol, –OH in the presence of amines, alcohols in hydrocarbons, and primary and
secondary amines in the presence of tertiary amines. 
The IR spectrum is unique for any given chemical compound with the exception of optical
isomers, which have identical spectra. However, polymorphism may occasionally be responsible
for a difference in the IR spectrum of a given compound in the solid state. Frequently, small
differences in structure result in significant differences in the spectra. Because of the large
number of maxima in an IR absorption spectrum, it is sometimes possible to quantitatively
measure the individual components of a mixture of known qualitative composition without prior
separation. 
The Raman spectrum and the IR spectrum provide similar data, although the intensities of the
spectra are governed by different molecular properties. Raman and IR spectroscopy exhibit
different relative sensitivities for different functional groups, e.g., Raman spectroscopy is
particularly sensitive to C–S and C–C multiple bonds, and some aromatic compounds are more
easily identified by means of their Raman spectra. Water has a highly intense IR absorption
spectrum, but a particularly weak Raman spectrum. Therefore, water has only limited IR
“windows” that can be used to examine aqueous solutes, while its Raman spectrum is almost
completely transparent and useful for solute identification. The two major limitations of Raman

spectroscopy are that the minimum detectable concentration of specimen is typically 10 1 M

to 10 2 M and that the impurities in many substances fluoresce and interfere with the
detection of the Raman scattered signal. 
Optical reflectance measurements provide spectral information similar to that obtained by
transmission measurements. Since reflectance measurements probe only the surface
composition of the specimen, difficulties associated with the optical thickness and the light-
scattering properties of the substance are eliminated. Thus, reflectance measurements are
frequently more simple to perform on intensely absorbing materials. A particularly common
technique used for IR reflectance measurements is termed attenuated total reflectance (ATR),
also known as multiple internal reflectance (MIR). In the ATR technique, the beam of the IR
spectrometer is passed through an appropriate IR window material (e.g., KRS-5, a TlBr-TlI
eutectic mixture), which is cut at such an angle that the IR beam enters the first (front)
surface of the window, but is totally reflected when it impinges on the second (back) surface
(i.e., the angle of incidence of the radiation upon the second surface of the window exceeds
the critical angle for that material). By appropriate window construction, it is possible to have
many internal reflections of the IR beam before it is transmitted out of the window. If a
specimen is placed in close contact with the window along the sides that totally reflect the IR
beam, the intensity of reflected radiation is reduced at each wavelength (frequency) that the
specimen absorbs. Thus, the ATR technique provides a reflectance spectrum that has been
increased in intensity, when compared to a simple reflectance measurement, by the number of
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times that the IR beam is reflected within the window. The ATR technique provides excellent
sensitivity, but it yields poor reproducibility, and is not a reliable quantitative technique unless
an internal standard is intimately mixed with each test specimen. 
Fluorescence spectrophotometry is often more sensitive than absorption spectrophotometry.
In absorption measurements, the specimen transmittance is compared to that of a blank; and
at low concentrations, both solutions give high signals. Conversely, in fluorescence
spectrophotometry, the solvent blank has low rather than high output, so that the background
radiation that may interfere with determinations at low concentrations is much less. Whereas

few compounds can be determined conveniently at concentrations below 10 5 M by light

absorption, it is not unusual to employ concentrations of 10 7 M to 10 8 M in fluorescence
spectrophotometry.

Delete the following:

THEORY AND TERMS

The power of a radiant beam decreases in relation to the distance that it travels through an
absorbing medium. It also decreases in relation to the concentration of absorbing molecules or
ions encountered in that medium. These two factors determine the proportion of the total
incident energy that emerge. The decrease in power of monochromatic radiation passing
through a homogeneous absorbing medium is stated quantitatively by Beer's law, log10(1/T) = A
= abc, in which the terms are as defined below.

Absorbance [Symbol: A]—The logarithm, to the base 10, of the reciprocal of the
transmittance (T). [Note—Descriptive terms used formerly include optical density, absorbancy,
and extinction. ]

Absorptivity [Symbol: a]—The quotient of the absorbance (A) divided by the product of the
concentration of the substance (c), expressed in g per L, and the absorption path length (b) in
cm. [Note—It is not to be confused with absorbancy index; specific extinction; or extinction
coefficient. ]

Molar Absorptivity [Symbol: ]—The quotient of the absorbance (A) divided by the product
of the concentration, expressed in moles per L, of the substance and the absorption path
length in cm. It is also the product of the absorptivity (a) and the molecular weight of the
substance. [Note—Terms formerly used include molar absorbancy index; molar extinction
coefficient; and molar absorption coefficient. ] 
For most systems used in absorption spectrophotometry, the absorptivity of a substance is a
constant independent of the intensity of the incident radiation, the internal cell length, and the
concentration, with the result that concentration may be determined photometrically. 
Beer's law gives no indication of the effect of temperature, wavelength, or the type of solvent.
For most analytical work the effects of normal variation in temperature are negligible. 
Deviations from Beer's law may be caused by either chemical or instrumental variables.
Apparent failure of Beer's law may result from a concentration change in solute molecules
because of association between solute molecules or between solute and solvent molecules, or
dissociation or ionization. Other deviations might be caused by instrumental effects such as
polychromatic radiation, slit-width effects, or stray light. 
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Even at a fixed temperature in a given solvent, the absorptivity may not be truly constant.
However, in the case of specimens having only one absorbing component, it is not necessary
that the absorbing system conform to Beer's law for use in quantitative analysis. The
concentration of an unknown may be found by comparison with an experimentally determined
standard curve. 
Although, in the strictest sense, Beer's law does not hold in atomic absorption
spectrophotometry because of the lack of quantitative properties of the cell length and the
concentration, the absorption processes taking place in the flame under conditions of
reproducible aspiration do follow the Beer relationship in principle. Specifically, the negative log
of the transmittance, or the absorbance, is directly proportional to the absorption coefficient,
and, consequently, is proportional to the number of absorbing atoms. On this basis, calibration
curves may be constructed to permit evaluation of unknown absorption values in terms of
concentration of the element in solution.

Absorption Spectrum—A graphic representation of absorbance, or any function of
absorbance, plotted against wavelength or function of wavelength.

Transmittance [Symbol: T]—The quotient of the radiant power transmitted by a specimen
divided by the radiant power incident upon the specimen. [Note—Terms formerly used include
transmittancy and transmission. ]

Fluorescence Intensity [Symbol: I]—An empirical expression of fluorescence activity,
commonly given in terms of arbitrary units proportional to detector response. The fluorescence
emission spectrum is a graphical presentation of the spectral distribution of radiation emitted
by an activated substance, showing intensity of emitted radiation as ordinate, and wavelength
as abscissa. The fluorescence excitation spectrum is a graphical presentation of the activation
spectrum, showing intensity of radiation emitted by an activated substance as ordinate, and
wavelength of the incident (activating) radiation as abscissa. As in absorption
spectrophotometry, the important regions of the electromagnetic spectrum encompassed by
the fluorescence of organic compounds are the UV, visible, and near-IR, i.e., the region from
250 to 800 nm. After a molecule has absorbed radiation, the energy can be lost as heat or
released in the form of radiation of the same or longer wavelength as the absorbed radiation.
Both absorption and emission of radiation are due to the transitions of electrons between
different energy levels, or orbitals, of the molecule. There is a time delay between the
absorption and emission of light; this interval, the duration of the excited state, has been

measured to be about 10 9 second to 10 8 second for most organic fluorescent solutions. The
short lifetime of fluorescence distinguishes this type of luminescence from phosphorescence,

which is a long-lived afterglow having a lifetime of 10 3 second up to several minutes.

Turbidance [Symbol: S]—The light-scattering effect of suspended particles. The amount of
suspended matter may be measured by observation of either the transmitted light
(turbidimetry) or the scattered light (nephelometry).

Turbidity [Symbol: ]—In light-scattering measurements, the turbidity is the measure of the
decrease in incident beam intensity per unit length of a given suspension.

Raman Scattering Activity—The molecular property (in units of cm4 per g) governing the
intensity of an observed Raman band for a randomly oriented specimen. The scattering activity
is determined from the derivative of the molecular polarizability with respect to the molecular
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motion giving rise to the Raman shifted band. In general, the Raman band intensity is linearly
proportional to the concentration of the analyte.

USE OF REFERENCE STANDARDS

With few exceptions, the Pharmacopeial spectrophotometric tests and assays call for
comparison against a USP Reference Standard. This is to ensure measurement under conditions
identical for the test specimen and the reference substance. These conditions include
wavelength setting, slit-width adjustment, cell placement and correction, and transmittance
levels. It should be noted that cells exhibiting identical transmittance at a given wavelength
may differ considerably in transmittance at other wavelengths. Appropriate cell corrections
should be established and used where required. 
The expressions, “similar preparation” and “similar solution,” as used in tests and assays
involving spectrophotometry, indicate that the reference specimen, generally a USP Reference
Standard, is to be prepared and observed in a manner identical for all practical purposes to that
used for the test specimen. Usually in making up the solution of the specified Reference
Standard, a solution of about (i.e., within 10%) the desired concentration is prepared, and the
absorptivity is calculated on the basis of the exact amount weighed out; if a previously dried
specimen of the Reference Standard has not been used, the absorptivity is calculated on the
anhydrous basis. 
The expressions, “concomitantly determine” and “concomitantly measured,” as used in tests
and assays involving spectrophotometry, indicate that the absorbances of both the solution
containing the test specimen and the solution containing the reference specimen, relative to
the specified test blank, are to be measured in immediate succession.

Change to read:

APPARATUS

Many types of spectrophotometers are available. Fundamentally, most types, except those
used for IR spectrophotometry, provide for passing essentially monochromatic radiant energy
through a specimen in suitable form, and measuring the intensity of the fraction that is
transmitted. Fourier transform IR spectrophotometers use an interferometric technique whereby
polychromatic radiation passes through the analyte and onto a detector on an intensity and
time basis. UV, visible, and dispersive IR spectrophotometers comprise an energy source, a
dispersing device (e.g., a prism or grating), slits for selecting the wavelength band, a cell or
holder for the test specimen, a detector of radiant energy, and associated amplifiers and
measuring devices. In diode array spectrophotometers, the energy from the source is passed
through the test specimen and then dispersed via a grating onto several hundred light-sensitive
diodes, each of which in turn develops a signal proportional to the number of photons at its
small wavelength interval; these signals then may be computed at rapid chosen intervals to
represent a complete spectrum. Fourier transform IR systems utilize an interferometer instead
of a dispersing device and a digital computer to process the spectral data. Some instruments
are manually operated, whereas others are equipped for automatic and continuous recording.
Instruments that are interfaced to a digital computer have the capabilities also of co-adding
and storing spectra, performing spectral comparisons, and performing difference spectroscopy
(accomplished with the use of a digital absorbance subtraction method).

1S (USP37)

PF 39(3): May-Jun. 2013 85



Instruments are available for use in the visible; in the visible and UV; in the visible, UV, and
near-IR; and in the IR regions of the spectrum. Choice of the type of spectrophotometric
analysis and of the instrument to be used depends upon factors such as the composition and
amount of available test specimen, the degree of accuracy, sensitivity, and selectivity desired,
and the manner in which the specimen is handled.

The apparatus used in atomic absorption spectrophotometry has several unique features. For
each element to be determined, a specific source that emits the spectral line to be absorbed
should be selected. The source is usually a hollow-cathode lamp, the cathode of which is
designed to emit the desired radiation when excited. Since the radiation to be absorbed by the
test specimen element is usually of the same wavelength as that of its emission line, the
element in the hollow-cathode lamp is the same as the element to be determined. The
apparatus is equipped with an aspirator for introducing the test specimen into a flame, which is
usually provided by air–acetylene, air–hydrogen, or, for refractory cases, nitrous oxide–
acetylene. The flame, in effect, is a heated specimen chamber. A detector is used to read the
signal from the chamber. Interfering radiation produced by the flame during combustion may be
negated by the use of a chopped source lamp signal of a definite frequency. The detector
should be tuned to this alternating current frequency so that the direct current signal arising
from the flame is ignored. The detecting system, therefore, reads only the change in signal
from the hollow-cathode source, which is directly proportional to the number of atoms to be
determined in the test specimen. For Pharmacopeial purposes, apparatus that provides the
readings directly in absorbance units is usually required. However, instruments providing
readings in percent transmission, percent absorption, or concentration may be used if the
calculation formulas provided in the individual monographs are revised as necessary to yield the
required quantitative results. Percent absorption or percent transmittance may be converted to
absorbance, A, by the following two equations:

A = 2  log10 (100  % absorption)

or:

A = 2  log10 (% transmittance)

Depending upon the type of apparatus used, the readout device may be a meter, digital
counter, recorder, or printer. Both single-beam and double-beam instruments are commercially
available, and either type is suitable.

Measurement of fluorescence intensity can be made with a simple filter fluorometer. Such an
instrument consists of a radiation source, a primary filter, a specimen chamber, a secondary
filter, and a fluorescence detection system. In most such fluorometers, the detector is placed

on an axis at 90  from that of the exciting beam. This right-angle geometry permits the exciting
radiation to pass through the test specimen and not contaminate the output signal received by
the fluorescence detector. However, the detector unavoidably receives some of the exciting
radiation as a result of the inherent scattering properties of the solutions themselves, or if dust
or other solids are present. Filters are used to eliminate this residual scatter. The primary filter
selects short-wavelength radiation capable of exciting the test specimen, while the secondary
filter is normally a sharp cut-off filter that allows the longer-wavelength fluorescence to be
transmitted but blocks the scattered excitation.

Most fluorometers use photomultiplier tubes as detectors, many types of which are available,
each having special characteristics with respect to spectral region of maximum sensitivity, gain,
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and electrical noise. The photocurrent is amplified and read out on a meter or recorder.

A spectrofluorometer differs from a filter fluorometer in that filters are replaced by
monochromators, of either the prism or the grating type. For analytical purposes, the
spectrofluorometer is superior to the filter fluorometer in wavelength selectivity, flexibility, and
convenience, in the same way in which a spectrophotometer is superior to a filter photometer.

Many radiation sources are available. Mercury lamps are relatively stable and emit energy
mainly at discrete wavelengths. Tungsten lamps provide an energy continuum in the visible
region. The high-pressure xenon arc lamp is often used in spectrofluorometers because it is a
high-intensity source that emits an energy continuum extending from the UV into the IR.

In spectrofluorometers, the monochromators are equipped with slits. A narrow slit provides high
resolution and spectral purity, while a large slit sacrifices these for high sensitivity. Choice of
slit size is determined by the separation between exciting and emitting wavelengths as well as
the degree of sensitivity needed.

Specimen cells used in fluorescence measurements may be round tubes or rectangular cells
similar to those used in absorption spectrophotometry, except that they are polished on all four
vertical sides. A convenient test specimen size is 2 to 3 mL, but some instruments can be fitted
with small cells holding 100 to 300 µL, or with a capillary holder requiring an even smaller
amount of specimen.

Light-scattering instruments are available and consist in general of a mercury lamp, with filters
for the strong green or blue lines, a shutter, a set of neutral filters with known transmittance,
and a sensitive photomultiplier to be mounted on an arm that can be rotated around the

solution cell and set at any angle from 135  to 0  to +135  by a dial outside the light-tight

housing. Solution cells are of various shapes, such as square for measuring 90  scattering;

semioctagonal for 45 , 90 , and 135  scattering; and cylindrical for scattering at all angles.
Since the determination of molecular weight requires a precise measure of the difference in

refractive index between the solution and solvent, [(n  n0)/c], a second instrument, a
differential refractometer, is needed to measure this small difference.

Raman spectrometers include the following major components: a source of intense
monochromatic radiation (invariably a laser); optics to collect the light scattered by the test
specimen; a (double) monochromator to disperse the scattered light and reject the intense
incident frequency; and a suitable light-detection and amplification system. Raman
measurement is simple in that most specimens are examined directly in melting-point capillaries.
Because the laser source can be focused sharply, only a few microliters of the specimen is
required.

Change to read:

PROCEDURE

Absorption Spectrophotometry

Detailed instructions for operating spectrophotometers are supplied by the manufacturers. To
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achieve significant and valid results, the operator of a spectrophotometer should be aware of
its limitations and of potential sources of error and variation. The instruction manual should be
followed closely on such matters as care, cleaning, and calibration of the instrument, and
techniques of handling absorption cells, as well as instructions for operation. The following
points require special emphasis.

Check the instrument for accuracy of calibration. Where a continuous source of radiant energy
is used, attention should be paid to both the wavelength and photometric scales; where a
spectral line source is used, only the photometric scale need be checked. A number of sources
of radiant energy have spectral lines of suitable intensity, adequately spaced throughout the
spectral range selected. The best single source of UV and visible calibration spectra is the
quartz-mercury arc, of which the lines at 253.7, 302.25, 313.16, 334.15, 365.48, 404.66, and
435.83 nm may be used. The glass-mercury arc is equally useful above 300 nm. The 486.13-nm
and 656.28-nm lines of a hydrogen discharge lamp may be used also. The wavelength scale
may be calibrated also by means of suitable glass filters, which have useful absorption bands
through the visible and UV regions. Standard glasses containing didymium (a mixture of
praseodymium and neodymium) have been used widely, although glasses containing holmium
were found to be superior. Standard holmium oxide solution has superseded the use of holmium
glass.1 The wavelength scales of near-IR and IR spectrophotometers are readily checked by
the use of absorption bands provided by polystyrene films, carbon dioxide, water vapor, or
ammonia gas.

For checking the photometric scale, a number of standard inorganic glass filters as well as
standard solutions of known transmittances such as potassium dichromate are available.2

Quantitative absorbance measurements usually are made on solutions of the substance in
liquid-holding cells. Since both the solvent and the cell window absorb light, compensation must
be made for their contribution to the measured absorbance. Matched cells are available
commercially for UV and visible spectrophotometry for which no cell correction is necessary. In
IR spectrophotometry, however, corrections for cell differences usually must be made. In such
cases, pairs of cells are filled with the selected solvent and the difference in their absorbances
at the chosen wavelength is determined. The cell exhibiting the greater absorbance is used for
the solution of the test specimen and the measured absorbance is corrected by subtraction of
the cell difference.

With the use of a computerized Fourier transform IR system, this correction need not be made,
since the same cell can be used for both the solvent blank and the test solution. However, it
must be ascertained that the transmission properties of the cell are constant.

Comparisons of a test specimen with a Reference Standard are best made at a peak of spectral
absorption for the compound concerned. Assays prescribing spectrophotometry give the
commonly accepted wavelength for peak spectral absorption of the substance in question. It is
known that different spectrophotometers may show minor variation in the apparent wavelength
of this peak. Good practice demands that comparisons be made at the wavelength at which
peak absorption occurs. Should this differ by more than ±1 nm from the wavelength specified in
the individual monograph, recalibration of the instrument may be indicated.

TEST PREPARATION

For determinations utilizing UV or visible spectrophotometry, the specimen generally is dissolved
in a solvent. Unless otherwise directed in the monograph, determinations are made at room
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temperature using a path length of 1 cm. Many solvents are suitable for these ranges, including
water, alcohols, chloroform, lower hydrocarbons, ethers, and dilute solutions of strong acids
and alkalies. Precautions should be taken to utilize solvents free from contaminants absorbing in
the spectral region being used. It is usually advisable to use water-free methanol or alcohol, or
alcohol denatured by the addition of methanol but not containing benzene or other interfering
impurities, as the solvent. Solvents of special spectrophotometric quality, guaranteed to be
free from contaminants, are available commercially from several sources. Some other analytical
reagent-grade organic solvents may contain traces of impurities that absorb strongly in the UV
region. New lots of these solvents should be checked for their transparency, and care should
be taken to use the same lot of solvent for preparation of the test solution and the standard
solution and for the blank.

No solvent in appreciable thickness is completely transparent throughout the near-IR and IR
spectrum. Carbon tetrachloride (up to 5 mm in thickness) is practically transparent to 6 µm

(1666 cm 1). Carbon disulfide (1 mm in thickness) is suitable as a solvent to 40 µm (250 cm

1) with the exception of the 4.2-µm to 5.0-µm (2381-cm 1 to 2000-cm 1) and the 5.5-µm to

7.5-µm (1819-cm 1 to 1333-cm 1) regions, where it has strong absorption. Other solvents
have relatively narrow regions of transparency. For IR spectrophotometry, an additional
qualification for a suitable solvent is that it must not affect the material, usually sodium
chloride, of which the cell is made. The test specimen may also be prepared by dispersing the
finely ground solid specimen in mineral oil or by mixing it intimately with previously dried alkali
halide salt (usually potassium bromide). Mixtures with alkali halide salts may be examined
directly or as transparent disks or pellets obtained by pressing the mixture in a die. Typical

drying conditions for potassium bromide are 105  in vacuum for 12 hours, although grades are
commercially available that require no drying. Infrared microscopy or a mineral oil dispersion is
preferable where disproportionation between the alkali halide and the test specimen is
encountered. For suitable materials the test specimen may be prepared neat as a thin sample
for IR microscopy or suspended neat as a thin film for mineral oil dispersion. For Raman
spectrometry, most common solvents are suitable, and ordinary (nonfluorescing) glass specimen
cells can be used. The IR region of the electromagnetic spectrum extends from 0.8 to 400 µm.
From 800 to 2500 nm (0.8 to 2.5 µm) is generally considered to be the near-IR (NIR) region;

from 2.5 to 25 µm (4000 to 400 cm 1) is generally considered to be the mid-range (mid-IR)
region; and from 25 to 400 µm is generally considered to be the far-IR (FIR) region. Unless

otherwise specified in the individual monograph, the region from 3800 to 650 cm 1 (2.6 to 15
µm) should be used to ascertain compliance with monograph specifications for IR absorption.

Where values for IR line spectra are given in an individual monograph, the letters s, m, and w
signify strong, medium, and weak absorption, respectively; sh signifies a shoulder, bd signifies a

band, and v means very. The values may vary as much as 0.1 µm or 10 cm 1, depending upon
the particular instrument used. Polymorphism gives rise to variations in the IR spectra of many
compounds in the solid state. Therefore, when conducting IR absorption tests, if a difference
appears in the IR spectra of the analyte and the standard, dissolve equal portions of the test
substance and the standard in equal volumes of a suitable solvent, evaporate the solutions to
dryness in similar containers under identical conditions, and repeat the test on the residues.
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In NIR spectroscopy much of the current interest centers around the ease of analysis. Samples
can be analyzed in powder form or by means of reflectance techniques, with little or no
preparation. Compliance with in-house specifications can be determined by computerized
comparison of spectra with spectra previously obtained from reference materials. Many
pharmaceutical materials exhibit low absorptivity in this spectral region, which allows incident
near-IR radiation to penetrate samples more deeply than UV, visible, or IR radiation. NIR
spectrophotometry may be used to observe matrix modifications and, with proper calibration,
may be used in quantitative analysis.

In atomic absorption spectrophotometry, the nature of the solvent and the concentration of
solids must be given special consideration. An ideal solvent is one that interferes to a minimal
extent in the absorption or emission processes and one that produces neutral atoms in the
flame. If there is a significant difference between the surface tension or viscosity of the test
solution and standard solution, the solutions are aspirated or atomized at a different rate,
causing significant differences in the signals generated. The acid concentration of the solutions
also affects the absorption processes. Thus, the solvents used in preparing the test specimen
and the standard should be the same or as much alike in these respects as possible, and should
yield solutions that are easily aspirated via the specimen tube of the burner-aspirator. Since
undissolved solids present in the solutions may give rise to matrix or bulk interferences, the
total undissolved solids content in all solutions should be kept below 2% wherever possible.

CALCULATIONS

The application of absorption spectrophotometry in an assay or a test generally requires the
use of a Reference Standard. Where such a measurement is specified in an assay, a formula is
provided in order to permit calculation of the desired result. A numerical constant is frequently
included in the formula. The following derivation is provided to introduce a logical approach to
the deduction of the constants appearing in formulas in the assays in many monographs.

The Beer's law relationship is valid for the solutions of both the Reference Standard (S) and the
test specimen (U):

AS = abCS (1)

AU = abCU (2)

in which AS is the absorbance of the Standard solution of concentration CS; and AU is the
absorbance of the test specimen solution of concentration CU. If CS and CU are expressed in
the same units and the absorbances of both solutions are measured in matching cells having
the same dimensions, the absorptivity, a, and the cell thickness, b, are the same;
consequently, the two equations may be combined and rewritten to solve for CU:

CU = CS(AU/AS) (3)

Quantities of solid test specimens to be taken for analysis are generally specified in mg.
Instructions for dilution are given in the assay and, since dilute solutions are used for
absorbance measurements, concentrations are usually expressed for convenience in units of µg
per mL. Taking a quantity, in mg, of a test specimen of a drug substance or solid dosage form
for analysis, it therefore follows that a volume (VU), in L, of solution of concentration CU may
be prepared from the amount of test specimen that contains a quantity WU, in mg, of the drug
substance [Note—CU is numerically the same whether expressed as µg per mL or mg per L],
such that:
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WU = VUCU (4)

The form in which the formula appears in the assay in a monograph for a solid article may be
derived by substituting CU of equation (3) into equation (4). In summary, the use of equation
(4), with due consideration for any unit conversions necessary to achieve equality in equation
(5), permits the calculation of the constant factor (VU) occurring in the final formula:

WU = VUCS(AU/AS) (5)

The same derivation is applicable to formulas that appear in monographs for liquid articles that
are assayed by absorption spectrophotometry. For liquid dosage forms, results of calculations
are generally expressed in terms of the quantity, in mg, of drug substance in each mL of the
article. Thus it is necessary to include in the denominator an additional term, the volume (V), in
mL, of the test preparation taken.

Assays in the visible region usually call for comparing concomitantly the absorbance produced
by the Assay preparation with that produced by a Standard preparation containing
approximately an equal quantity of a USP Reference Standard. In some situations, it is
permissible to omit the use of a Reference Standard. This is true where spectrophotometric
assays are made with routine frequency, and where a suitable standard curve is available,
prepared with the respective USP Reference Standard, and where the substance assayed
conforms to Beer's law within the range of about 75% to 125% of the final concentration used
in the assay. Under these circumstances, the absorbance found in the assay may be
interpolated on the standard curve, and the assay result calculated therefrom.

Such standard curves should be confirmed frequently, and always when a new
spectrophotometer or new lots of reagents are put into use.

In spectrophotometric assays that direct the preparation and use of a standard curve, it is
permissible and preferable, when the assay is employed infrequently, not to use the standard
curve but to make the comparison directly against a quantity of the Reference Standard
approximately equal to that taken of the specimen, and similarly treated.

Fluorescence Spectrophotometry

The measurement of fluorescence is a useful analytical technique. Fluorescence is light emitted
from a substance in an excited state that has been reached by the absorption of radiant
energy. A substance is said to be fluorescent if it can be made to fluoresce. Many compounds
can be assayed by procedures utilizing either their inherent fluorescence or the fluorescence of
suitable derivatives.

Test specimens prepared for fluorescence spectrophotometry are usually one-tenth to one-
hundredth as concentrated as those used in absorption spectrophotometry, for the following
reason. In analytical applications, it is preferable that the fluorescence signal be linearly related
to the concentration; but if a test specimen is too concentrated, a significant part of the
incoming light is absorbed by the specimen near the cell surface, and the light reaching the
center is reduced. That is, the specimen itself acts as an “inner filter.” However, fluorescence

spectrophotometry is inherently a highly sensitive technique, and concentrations of 10 5 M to

10 7 M frequently are used. It is necessary in any analytical procedure to make a working
curve of fluorescence intensity versus concentration in order to establish a linear relationship.
All readings should be corrected for a solvent blank.
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Fluorescence measurements are sensitive to the presence of dust and other solid particles in
the test specimen. Such impurities may reduce the intensity of the exciting beam or give
misleading high readings because of multiple reflections in the specimen cell. It is, therefore,
wise to eliminate solid particles by centrifugation; filtration also may be used, but some filter
papers contain fluorescent impurities.

Temperature regulation is often important in fluorescence spectrophotometry. For some
substances, fluorescence efficiency may be reduced by as much as 1% to 2% per degree of
temperature rise. In such cases, if maximum precision is desired, temperature-controlled
specimen cells are useful. For routine analysis, it may be sufficient to make measurements
rapidly enough so that the specimen does not heat up appreciably from exposure to the intense
light source. Many fluorescent compounds are light-sensitive. Exposed in a fluorometer, they
may be photo-degraded into more or less fluorescent products. Such effects may be detected
by observing the detector response in relationship to time, and may be reduced by attenuating
the light source with filters or screens.

Change of solvent may markedly affect the intensity and spectral distribution of fluorescence.
It is inadvisable, therefore, to alter the solvent specified in established methods without careful
preliminary investigation. Many compounds are fluorescent in organic solvents but virtually
nonfluorescent in water; thus, a number of solvents should be tried before it is decided
whether or not a compound is fluorescent. In many organic solvents, the intensity of
fluorescence is increased by elimination of dissolved oxygen, which has a strong quenching
effect. Oxygen may be removed by bubbling an inert gas such as nitrogen or helium through the
test specimen.

A semiquantitative measure of the strength of fluorescence is given by the ratio of the
fluorescence intensity of a test specimen and that of a standard obtained with the same
instrumental settings. Frequently, a solution of stated concentration of quinine in 0.1 N sulfuric
acid or fluorescein in 0.1 N sodium hydroxide is used as a reference standard.

Light-Scattering

Turbidity can be measured with a standard photoelectric filter photometer or
spectrophotometer, preferably with illumination in the blue portion of the spectrum.
Nephelometric measurements require an instrument with a photocell placed so as to receive
scattered rather than transmitted light; this geometry applies also to fluorometers, so that, in
general, fluorometers can be used as nephelometers by proper selection of filters. A ratio

turbidimeter combines the technology of 90  nephelometry and turbidimetry: it contains

photocells that receive and measure scattered light at a 90  angle from the sample as well as
receiving and measuring the forward scatter in front of the sample; it also measures light

transmitted directly through the sample. Linearity is attained by calculating the ratio of the 90
angle scattered light measurement to the sum of the forward scattered light measurement and
the transmitted light measurement. The benefit of using a ratio turbidimetry system is that the
measurement of stray light becomes negligible. 
The units of turbidity from a calibrated nephelometer are called Nephelometric Turbidity Units

(NTU). NTUs specifically call for a 90  measurement technique and are also based on the
turbidity generated by formazin (a suspension made by mixing solutions of hydrazine sulfate and

1S (USP37)

PF 39(3): May-Jun. 2013 92



hexamethylenetetramine in water), although safer polymer bead suspensions are now
commercially available and recognized as an acceptable alternative. Other recognized units for
turbidity include the Formazin Turbidity Unit (FTU) and the Formazin Nephelometric Unit (FNU).

When measured as above at 90 , these units are comparable.

In practice, it is advisable to ensure that settling of the particles being measured is negligible.
This is usually accomplished by including a protective colloid in the liquid suspending medium. It
is important that results be interpreted by comparison of readings with those representing
known concentrations of suspended matter, produced under precisely the same conditions. 
Turbidimetry or nephelometry may be useful for the measurement of precipitates formed by the
interaction of highly dilute solutions of reagents, or other particulate matter, such as
suspensions of bacterial cells. In order that consistent results may be achieved, all variables
must be carefully controlled. Where such control is possible, extremely dilute suspensions may
be measured. 
The specimen solute is dissolved in the solvent at several different accurately known
concentrations, the choice of concentrations being dependent on the molecular weight of the
solute and ranging from 1% for Mw = 10,000 to 0.01% for Mw = 1,000,000. Each solution must
be very carefully cleaned before measurement by repeated filtration through fine filters. A dust
particle in the solution vitiates the intensity of the scattered light measured. A criterion for a

clear solution is that the dissymmetry, 45 /135  scattered intensity ratio, has attained a
minimum. 

The turbidity and refractive index of the solutions are measured. From the general 90  light-

scattering equation, a plot of HC/  versus C is made and extrapolated to infinite dilution, and
the weight-average molecular weight, M, is calculated from the intercept, 1/M.

Visual Comparison

Where a color or a turbidity comparison is directed, color-comparison tubes that are matched
as closely as possible in internal diameter and in all other respects should be used. For color
comparison, the tubes should be viewed downward, against a white background, with the aid of
a light source directed from beneath the bottoms of the tubes, while for turbidity comparison
the tubes should be viewed horizontally, against a dark background, with the aid of a light
source directed from the sides of the tubes. 
In conducting limit tests that involve a comparison of colors in two like containers (e.g.,
matched color–comparison tubes), a suitable instrument, rather than the unaided eye, may be
used.

1 National Institute of Standards and Technology (NIST), Gaithersburg, MD 20899: “Spectral Transmittance
Characteristics of Holmium Oxide in Perchloric Acid,” J. Res. Natl. Bur. Stds. 90, No. 2, 115 (1985). The
performance of an uncertified filter should be checked against a certified standard.

2 For further detail regarding checks on photometric scale of a spectrophotometer, reference may be made to
the following NIST publications: J. Res. Nalt. Bur. Stds. 76A, 469 (1972) [re: SRM 93l, “Liquid Absorbance
Standards for Ultraviolet and Visible Spectrophotometry” as well as potassium chromate and potassium
dichromate]; NIST Spec. Publ. 260–116 (1994) [re: SRM 930 and SRM 1930, “Glass Filters for
Spectrophotometry.”

BRIEFING
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Add the following:

1094 LIQUID-FILLED CAPSULES—DISSOLUTION TESTING AND RELATED QUALITY
ATTRIBUTES

1. INTRODUCTION

This general information chapter provides approaches for the development of dissolution test

procedures for liquid-filled capsules, which are not provided by Dissolution 711 , Drug

Release 724 , The Dissolution Procedure: Development and Validation 1092 , and

Disintegration and Dissolution of Dietary Supplements 2040 . The chapter also discusses
quality attributes associated with liquid-filled capsules that may affect the outcome of the
dissolution testing. The chapter addresses only capsules that contain solutions or dispersions
(liquid or semisolid). This chapter does not address capsules with fillings that are powders,
granules, or pellets.

1.1 Types of Capsules

Liquid-filled capsules can be classified as two main types based on the physical characteristics
of the shell: soft capsules and hard capsules. For the purpose of this chapter, soft-shell
capsules and hard-shell capsules are referred to as softgels and hardgels, respectively.
Softgels have a thicker shell and typically exhibit a higher degree of elasticity because of the
added plasticizer. By comparison, hard-shell capsules have a thinner and more rigid shell than
do soft-shell capsules. Both softgels and hardgels are composed of a polymer, e.g., gelatin,
starch, or a cellulose derivative such as hydroxypropylmethyl cellulose or other polymers, a
plasticizer, and water. For hardgels, water acts as the plasticizer, whereas softgels use high-
boiling-point polyols such as glycerol or sorbitol. Although many parameters affect the physical
and chemical performance of the shell, the ratio of polymer to plasticizer determines the
rigidity, brittleness, and dissolution performance of the shell.

Liquid-filled capsules also can be characterized by the chemical properties of the fill material
(hydrophobic-based versus hydrophilic-based fill materials) or by the physical properties of the
fill material (solution versus dispersion). Hydrophobic solutions include neat oils, combinations of
miscible oils, or active ingredients dissolved in oil vehicles. Hydrophobic dispersions include
active ingredients dispersed in oil or in oil-wax mixtures. The latter often are termed semisolids.
Hydrophilic solutions can be neat liquids, combinations of water-soluble liquids, or active
ingredients dissolved in water-soluble vehicles. Hydrophilic dispersions include active ingredients
dispersed in hydrophilic vehicles such as polyethylene glycol.

1.2 Manufacturing and Packaging Issues That Can Affect Dissolution Testing
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A number of general issues affect the development of a dissolution procedure for liquid-filled
capsules. Gelatin is a hygroscopic material, and its moisture content affects the properties of
hardgels. Because certain excipients are known hydrophilic agents, it is particularly important to
monitor the mechanical properties of liquid-filled gelatin capsules stored under various
conditions of temperature and relative humidity. The following factors can affect the capsule
properties: moisture exchange between the fill material and the shell, which potentially can
create brittleness in the gelatin shell; and chemical interactions between the fill material and
gelatin, which can result in gelatin cross-linking.

The potential for aldehydic impurities and formation of degradants and degradation of the
active ingredients in the formulation should be investigated during product development and
stability studies (aldehydes contribute to cross-linking; see section 2 Cross-Linking in Gelatin
Capsules). Understanding the possible routes of aldehyde formation helps to predict the capsule
behavior. The rate of cooling and drying also can influence the structure of certain excipients,
which in turn may modify the characteristics of the active ingredient release from the matrix.
The possibility of migration of the active ingredient to the capsule shell, particularly when the
soft shell is made of gelatin, should be investigated.

Capsule shells can become reactive depending on the storage conditions. Product packaging
and storage conditions are chosen to prevent adverse effects on capsule quality. The rate of
ingress of moisture and oxygen into the packaging can affect the final shelf life for the product.
In some cases, an increase in water content of the capsule shell may produce a measurable
reduction in the dissolution time because a moistened product may facilitate polymer hydration.

2. CROSS-LINKING IN GELATIN CAPSULES

Cross-linking involves strong chemical linkages beyond simple hydrogen and ionic bonding
between gelatin chains and affects the thermal reversibility of the gelatin shell. Cross-linking
typically is caused by agents present in the capsule fill that react with gelatin molecules,
resulting in the formation of a pellicle on the internal surface of the shell. Less often, a pellicle
may form on the external surface of the shell arising from reactive environmental agents. 
A pellicle is a thin, clear membrane of cross-linked protein surrounding the fill or the capsule
that prevents the capsule fill from being released. Because the pellicle itself is difficult to
observe, cross-linking is evidenced by the formation of a gelatinous mass during dissolution
testing. 
Cross-linking also can be caused by agents or impurities present in the shell, thereby rendering
the entire shell matrix insoluble under conditions that normally would dissolve the gelatin shell.
One of the strongest and most common types of cross-linking involves the covalent bonding of
the amine group of a lysine side chain of one gelatin molecule to a similar amine group on
another molecule. This reaction generally is caused by trace amounts of reactive aldehydes.
Formaldehyde, glutaraldehyde, glyoxal, and reducing sugars are the most common cross-linking
agents. The covalent bonding produced with this type of cross-linking is, for all practical
purposes, irreversible, and dissolution of the shell must involve the breaking of other bonds
such as the enzyme-mediated breaking of the peptide bonds in the protein chains. 
Gelatin that is chemically modified, e.g., by the addition of succinic acid groups to the lysine
side chains, can prevent or at least diminish aldehyde-mediated cross-linking. A weaker type of
cross-linking involves complexation of free carboxylic acid groups from two different gelatin
molecules with trivalent metal ions such as Fe3+ and Al3+. These cations can be found in some
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of the dyes used as colorants or as low-level contaminants of excipients. For higher-Bloom
gelatin (see section 6.1.2.2 Chemistry of gelatin), which typically is considered higher quality,
cross-linking occurs more readily because fewer links are needed to join greater lengths of
gelatin chains. 
Common causes of cross-linking include the following:

Aldehydes that are present in the active ingredient, excipients, or packaging materials;
or aldehydes that may be formed in-situ during storage
High humidity
Substances that facilitate a cross-linking reaction
Substances that promote decomposition of stabilizer in corn starch
(hexamethylenetetramine), resulting in the formation of ammonia and formaldehyde,
which cause the cross-linking reaction
Rayon coilers that contain an aldehyde functional group
Polyethylene glycol that may auto-oxidize to form aldehydes
UV light, especially with high heat and humidity
Aldehyde formation promoted by elevated temperatures

Dissolution testing demonstrates that cross-linked capsules can result in slower release of the
drug or no release at all. Enzymes can be used in the dissolution medium to overcome this

problem (see 711 ).

3. DISSOLUTION PROCEDURE DEVELOPMENT

Design of a procedure for dissolution testing for liquid-filled capsules depends on the product
formulation. The composition of the fill, the solubility of the active ingredient(s) in the fill, and
the dispersion of the fill into the dissolution media all have an effect on the dissolution behavior
of a given fill formula. For example, a formulation that contains a lipid-soluble active ingredient

with hydrophobic excipients and a melting point in excess of 37  will likely not release the
active ingredient into solution in aqueous media in a timeframe that is considered acceptable
for routine quality control. In contrast, a freely water-soluble active ingredient dissolved in a
water-soluble fill formula at room temperature will be detected in solution very soon after the
shell ruptures and the dosage form releases the fill material into the media. 
The specific design of the formulation and the target release profile should be known when
developing a dissolution method for any given product. For lipid-based formulations that often
are less dense than aqueous media, the release of the fill from the capsule may be driven by
buoyancy. If the formulation has been designed to be self-emulsifying, the formulation will
efficiently disperse into most aqueous media. Formulations such as those that consist simply of
a triglyceride with no additional co-solvent or emulsifier will rapidly float to the top of the
dissolution vessel. In this situation the quantitative results from a dissolution test provide the
rate of drug extraction from this floating layer. The apparatus selection is perhaps the most
critical step for liquid-filled capsules because the efficiency with which the capsule contents
mix with dissolution media is highly influenced by the hydrodynamics of the agitation. Once the
apparatus has been selected, other variables to consider in developing a dissolution test are
rotation speed, dip rate or flow rate, surfactant/solubility enhancer type and concentration,

and pH of the medium (see 711 , 1092 , and 2040 ). 
To better guide the dosage form design it may be useful to consider other characteristics of
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the product such as solubility of the active ingredient(s) in different media, intrinsic dissolution
of the active ingredient(s) (see Apparent Intrinsic Dissolution—Dissolution Testing Procedures

for Rotating Disk and Stationary Disk 1087 ), dispersability, globule size for emulsions, micelle
formation, digestion, precipitation on dilution in media, phase behavior studies, and burst tests
to detect gelatin cross-linking. 
The rupture test may be a useful tool in the early steps of the development and evaluation of
the formulation, especially if the active ingredient belongs to Biopharmaceutics Classification
System Class 1 and is formulated in a water-soluble filling. For this purpose, rupture is
considered to occur when the capsule shell is breached, exposing the fill contents. If the
rupture of the capsule shell can be correlated with dissolution data, then rupture can be
explored as a possible alternative to the dissolution test.

3.1 Apparatus

As is the case with oral solid dosage forms, USP Apparatus 1 (basket), USP Apparatus 2
(paddles), USP Apparatus 3 (reciprocating cylinder), and USP Apparatus 4 (flow-through cell)

are most often chosen as the dissolution apparatus for liquid-filled capsules (see 711  and 

2040 ). However, several specific benefits and drawbacks must be considered in selecting and
using the dissolution apparatus for liquid-filled capsules that typically have the following
physical properties:

Filled with a material that has a specific gravity less than that of water, resulting in
capsules that may float in an aqueous dissolution medium;
A capsule shell that may not dissolve completely during the dissolution experiment.
Rather, it may soften and disintegrate into a sticky or waxy mass that can adhere to
any point in the dissolution vessel and in different areas in different vessels, generating
high variability in the results; and
Capsule fill material that may be either a liquid or a semisolid and may form a film on the
surface of the dissolution medium during the course of the test.

The capsule dissolution process involves three stages: (1) rupture of the capsule shell, (2)
release and dispersion of the capsule fill material, and (3) dissolution of the active ingredient(s)
in the medium. Each dissolution apparatus referred to previously can achieve these three
stages, but they differ in their mechanical interaction with the capsule.

3.1.1 USP APPARATUS 1 (BASKET)
This apparatus has the advantage of enclosing the capsules, preventing them from floating
freely in the medium. For certain liquid-filled capsules, however, baskets may not be suitable.
As the capsule ruptures, the material from the capsule shell may clog the basket's mesh, and
for hydrophobic fill materials the oil phase released from the capsule may not disperse into fine
enough droplets in the basket to efficiently pass through the mesh. A larger-size mesh may be
needed to overcome these limitations.

3.1.2 USP APPARATUS 2 (PADDLES)
This apparatus does not have a mesh that can clog, but it does not prevent the capsules from
floating. In these instances, wire coils can be wound around the capsules, or commercially
available sinkers can be used to encase the capsules and hold them on the bottom of the
vessel, allowing the fill to become exposed to more of the medium (see Apparatus/Agitation,

Sinkers under 1092 ). Sinkers also can be used to prevent the capsule from sticking to the
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vessel walls and to provide better contact with the dissolution medium even if the capsule does
not float and remains at the bottom of the vessel.

3.1.3 USP APPARATUS 3 (RECIPROCATING CYLINDER)
This apparatus, like Apparatus 1, encloses the capsules. The mesh at the bottom of the
cylinder, however, may become clogged with undissolved shell, slowing laminar fluid flow.
Changing the mesh size may alleviate this problem. The different mechanism of agitation of
Apparatus 3 provides different hydrodynamics compared with Apparatus 1 and 2. This
characteristic may assist in dispersing hydrophobic droplets, avoiding the formation of layers
and problems caused by the buoyancy of the capsule. In the case of Apparatus 3, a change to
different media during the course of the dissolution experiment is possible. This allows
dissolution profiles to be determined at different pH values, which is useful for targeted-action
or modified-release dosage forms. However, USP Apparatus 3 has a tendency to generate foam
when surfactants are added to the media. In this situation, an appropriate antifoaming agent
may be added to the medium. 

An alternative to Apparatus 3 is the disintegration apparatus described in Disintegration 701
. The use of disks should be avoided because of clogging. This apparatus offers more turbulent
conditions that could be useful in the dispersion of hydrophobic filling, avoiding the formation of
layers and counteracting the buoyancy of the capsule.

3.1.4 USP APPARATUS 4 (FLOW-THROUGH CELL)
This apparatus also encloses the capsules and has a filter, but has limitations similar to those
of Apparatus 1 and 3. The use of the flow-through cell designed for lipid-filled softgels may

overcome these problems (see Figure 2 in 2040 ). Use of Apparatus 4 also makes it possible
to change to different media and to alter the flow during the course of the dissolution
experiment. In addition, this equipment can be set up for low or high volumes of media that can
be used with low-strength products and with poorly soluble active ingredient(s), respectively.

Other apparatus may be considered with proper justification, with each candidate apparatus
evaluated for variations in media composition, media volume, agitation or flow rate, and other
test parameters to determine what effect each has on the dissolution performance of the
product.

3.2 Medium

General recommendations for the selection of appropriate dissolution media can be found in

chapters 1092  and 2040  and in the FDA Guidance for Industry–Dissolution Testing of
Immediate-Release Solid Oral Dosage Forms. 
Characteristics of the dissolution medium that may affect the opening or rupture of the capsule
shell, the release and dispersion of the capsule fill material, and the dissolution of the active
ingredient(s) are discussed in the following sections.

3.2.1 ACHIEVING SINK CONDITIONS
As in the development of any effective dissolution procedure, the medium preferably (but not
necessarily) should provide sink conditions for the active ingredient(s) in an environment that

ensures suitable stability and, preferably, is physiologically relevant for the product (see 1092

). 
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If the fill is water-soluble or, at least, readily dispersible in an aqueous medium, and if the
active ingredient itself is also soluble, sink conditions may be achieved in a manner comparable
to that for any other solid oral dosage form. Liquid-filled capsules, however, may contain either
a matrix or active ingredient (or both) that are hydrophobic or water-insoluble. In this case, a
medium with surfactants or enzymes may be needed (see sections 3.2.2 and 3.2.3). The use of
organic co-solvents to improve sink conditions is discouraged and should be employed only as a
last resort with appropriate justification. In practice, the presence of organic solvents in the
medium may inhibit the dissolution of the shell. 
In addition to dispersing/dissolving the matrix and active ingredient(s), the medium must neither
interfere with the activity of any enzymes used nor negatively interact with the capsule shell or
formulation. Developing a suitable medium for hydrophobic systems therefore may require

considerable experimentation. For example, using testing from 711 , the addition of enzymes
is required when the gelatin capsule fails the test. When certain surfactants are used (e.g.,
sodium lauryl sulfate), the enzyme is deactivated. In this case, a pretreatment period with the
proteolytic enzyme followed by a later addition of the surfactant may be considered. 
To establish a suitable medium, several candidates should be evaluated to identify the one that
achieves appropriate sink conditions with the lowest quantity of solubilizing/dispersing agent.
The effect of pH, ionic strength, and buffer counter-ion on active ingredient solubility and
enzyme activity, particularly for hydrophobic active ingredients, in addition to the relative
partitioning of the active ingredient between the matrix and medium, must also be evaluated.

3.2.2 USE OF SURFACTANTS/DISPERSING AGENTS/SOLUBILITY ENHANCERS
Surfactants, dispersing agents, or solubility enhancers may be used in the dissolution medium
when the capsule fill, the active ingredient, or both, are hydrophobic or water-insoluble. They

may also be used if the media described in 1092  and in the FDA guidance are ineffective in
dispersing the capsule fill or in achieving proper sink conditions for the active ingredient. 
Surfactants, dispersing agents, and solubility enhancers include the following:

Polysorbates (Tween)
Sodium dodecyl sulfate (SDS) or sodium lauryl sulfate (SLS)
Lauryl dimethyl amine oxide
Cetyltrimethylammonium bromide (CTBA)
Polyethoxylated alcohols
Polyoxyethylene sorbitan
Octoxynol 9 (Triton X100TM)
N,N-Dimethyldodecylamine-N-oxide
Polyoxyethylene alcohols (Brij 721TM, Brij 35PTM)
Bile salts (sodium deoxycholate and sodium cholate)
Polyoxyl castor oil (CremophorTM)
Nonylphenol ethoxylate (TergitolTM, Nonoxynol 9)
Cyclodextrins
Lecithin
Methylbenzethonium chloride (Hyamine)

Although useful as solubilizing agents, surfactants should be used cautiously because they can
interact with the gelatin in the capsule shell and can hinder disintegration or dissolution, or
they can inhibit enzymes that may be used to hydrolyze the gelatin shell and/or the filling. 
One of the most common anionic surfactants used for dissolution testing of tablets, SLS,
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exhibits both of these adverse effects, particularly at lower pH (e.g., in simulated gastric fluid).
In addition, SLS forms insoluble precipitates in the presence of potassium ions. Only a very high
quality grade of SLS should be employed in dissolution media because of the potential
interference of its impurities in the quantitation step in dissolution testing. Therefore, the use
of SLS should be considered only in the absence of other alternatives. 
Other anionic or cationic surfactants also have been shown to affect gelatin solubility, and the
extent of these interactions should be considered in the selection of the dissolution medium.
Cationic surfactants should be avoided in formulations that contain fatty acids because the
combination potentially may form insoluble precipitates.

3.2.3 USE OF ENZYMES
Proteolytic enzymes such as pepsin (at low pH) or pancreatin (at pH equal to or greater than
6.8) may be used when the gelatin capsule shell does not dissolve in ordinary aqueous media
because of cross-linking, as previously discussed. Pancreatin has the advantage of also
possessing lipase activity, which makes it useful when the capsule fill material is a triglyceride. 
Tests should be carried out to ensure that the enzymes used in the dissolution testing do not
adversely interact with the formulation. The dissolution medium should also be optimized (e.g.,
by adjusting the pH, ionic strength, etc.) so that it preserves enzymatic activity while
maintaining sink conditions for the active ingredient. If surfactants are also used, their potential
adverse effect on enzyme activity must be evaluated.

3.2.4 PH
In addition to establishing a drug pH-solubility profile during the dissolution development, the
following specific issues should also be evaluated:

Effect of the medium pH on the swelling or dissolution of the capsule based on the type
of gelatin used in the product: either Type A (for which the medium pH typically is 7–9)
or Type B (for which the medium pH typically is 4.7–5.4) (see the USP Gelatin
monograph)
Effect of the medium pH on potential adverse interactions of the surfactant, if used,
with the gelatin capsule or with any enzyme present
Selection of a specific pH range that will have a minimum effect on the activity of any
needed enzymes and will be suitable for the solubility and stability of the active
ingredient

3.2.5 CROSS-LINKING IN GELATIN CAPSULES
As previously discussed, cross-linking results in the formation of pellicles on the internal or
external surface of the shell. Depending on the extent of the cross-linking and the structural
integrity of the shell, this pellicle may delay or prevent the release of the fill and the dissolution
of active ingredient(s) during the test. 
Pellicles often are difficult to dissolve and typically require the use of proteolytic enzymes in
the medium to achieve dissolution. 
Gelatin also forms ionic cross-links (salt bridges), typically between carboxylate (anionic) and
ammonium (cationic) side chains of the amino acids comprising the polypeptide chain. Although
they can inhibit gelatin dissolution, ionic cross-links are much weaker than covalent cross-links
and may be disrupted by changing the ionic strength or pH of the medium or by using an
enzyme.

3.3 Forced Cross-Linking

PF 39(3): May-Jun. 2013 100



During product and dissolution method development, forced formation of cross-linking in the
gelatin capsule may be useful to establish the type and amount of enzyme that will be used in
the test, and to better understand the behavior of the formulation in the dissolution medium.
This can be achieved by spiking excipients with known amounts of formaldehyde or other cross-
linking agents, or exposing the capsules to high humidity.

3.4 Sampling

Establishing the proper sampling technique and location for liquid-filled capsules follows the

procedures described in chapters 711  and 1092 . Because the capsule fill material
typically forms a film on the surface of the dissolution medium during the course of the test,
sampling must be performed in such a way that the cannula penetrates the oily layer without
clogging. In addition to standard validation and compatibility studies, care must be taken when
a filter is used to ensure that it does not become clogged with oil or undissolved capsule shell
material when the sample is taken. Similar considerations apply to automated sampling
equipment because filters and transfer lines may become obstructed during sampling. To
address this issue, the use of surfactants and/or enzymes in dissolution media may be needed
to better solubilize the capsule shell and fill. Another point to be considered in the case of
automated sampling equipment is the probe. If it remains inside the medium during the test in
order to avoid perturbing the oily layer on the medium, it could possibly influence the dissolution
profile because of changes in the hydrodynamics of the dissolution medium. An alternative is to
remove the probe and to introduce it just at the time of the sampling. The sampling method
should be validated for each product.

3.5 Quantitation

Dissolution samples from liquid-filled capsules, like dissolution samples from solid dosage forms,
can be quantitated using chromatographic, spectrophotometric, tandem chromatography-mass

spectrometry, and other techniques after adequate method development and validation (see 

1092  and where special considerations are described as follows under section 4 Method
Validation).

4. METHOD VALIDATION

In addition to the general method validation parameters discussed in 1092 , the following
performance characteristics may be evaluated:

Effect of pH and ionic strength on drug solubility and enzyme activity, if enzymes are
used
For hydrophobic active ingredient(s), the relative partitioning of the active ingredient(s)
between the matrix and the medium, as well as the potential for an adverse effect on
release into the aqueous medium
For chromatographic procedures, the potential adverse effect of the surfactant, if used,
on the chromatographic separation; as part of the robustness study, evaluation of
different concentrations of surfactant, different surfactant types, interaction with
buffer salts, etc.
Potential adverse effects of the surfactant or enzyme, if present, on the lifetime of the
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chromatographic column
Qualification of the sampling procedure to prevent clogging of the cannula, transfer
tubing, or filters

5. SUGGESTIONS FOR STARTING POINTS

On the basis of the considerations previously discussed, possible starting points for establishing
a dissolution test for liquid-filled capsules based on the solubility characteristics of the fill and
the active ingredient(s) are the following: 
Possible formulations:

1. Hydrophilic fill/active ingredient is soluble in aqueous media
2. Hydrophobic fill/active ingredient is poorly soluble in aqueous media
3. Hydrophilic fill/active ingredient is poorly soluble in aqueous media
4. Hydrophobic fill/active ingredient is soluble in aqueous media

5.1 Medium

Evaluate the solubility of the active ingredient(s) in aqueous media within a pH range of 1.0–
8.0.

5.2 Medium Additives

Enzymes such as pepsin (at pH less than 6.8) or pancreatin (at pH equal to or greater than
6.8) may be used if the product shows evidence of cross-linking in the gelatin capsule. If the
product is a formulation such as 2 or 3 above, evaluate the use of surfactants and possible
interaction with enzymes.

5.3 Apparatus

USP Apparatus 1 or 2 (Apparatus 2 is preferred and performs better in most cases). If cross-
linking is observed, Apparatus 2 is the apparatus of choice. If the capsule is filled with low-
specific-gravity liquid and has a tendency to float, sinkers should be used. If the product is a
formulation such as 2 or 4 above, consider Apparatus 3 as a possible option.

5.4 Agitation Speed

Agitation speed typically is 50–100 rpm for baskets and 50–75 rpm for paddles. Higher speeds
should be justified.

5.5 Time Points

A dissolution profile should be established during the development phase to identify when the
rate of active ingredient release has leveled off.

6. QUALITY BY DESIGN
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When considering the development of dissolution procedures for liquid-filled capsules, the
concept of Quality by Design (QbD) is applicable. In QbD, knowledge and understanding of the
release mechanism are paramount. Developing a dissolution procedure that can show any
changes in the release profile is the first step in selecting critically relevant specifications.
During method development, understanding the critical quality attributes, which are vital
components of QbD, can be accomplished by considering the many aspects of the capsule shell
and of gelatin, in particular the release mechanism of the dosage form and its in vivo absorption
characteristics.

6.1 Critical Quality Attributes

6.1.1 SHELL COMPOSITION

Knowledge about the composition of the shell (polymer, plasticizers, water content, etc.), as
discussed at the beginning of this chapter, is an important aspect of QbD and helps determine
critical quality attributes. Other important aspects of understanding the critical quality
attributes are the composition and properties of the gel mass and finished shell. In its simplest
form, the shell of a liquid-filled capsule is prepared from a molten gel mass, which in the case of
hardgels comprises gelatin or other polymers and water and in the case of softgels comprises
gelatin and a plasticizer dissolved in an aqueous vehicle. The ratio of polymer to plasticizer
varies depending on the desired performance traits of the shell, the size of the shell, and the
composition of the fill material. Other minor components added to the gel mass may include
colorants, flavors, stabilizers, buffers, and opacifiers. The physical characteristics and quality
of these minor components are central in the design of high-quality and consistent
formulations. The composition of hardgels usually does not vary with capsule size or with the
composition of the fill material.

6.1.2 GELATIN

6.1.2.1 Gelatin capsule manufacturing process:For hardgels, there are two separate
manufacuring steps: (1) manufacturing the empty shells and (2) the filling process. Capsule
shells are produced, packaged, and shipped to the dosage form manufacturers. Capsules are
then filled and sealed. Most modern capsule-filling machines can be modified to allow accurate
filling of hot or cold liquid into hardgels. An essential part of a liquid-filling operation is the
ability to effectively seal the capsule. This sealing process is a critical manufacturing variable,
and detailed knowledge of all the aspects of this process is important. 
For softgels, the forming of the capsule and filling process (encapsulation process) occur at the
same time. During the encapsulation process, it is important to monitor the shell thickness,
seam quality, capsule weight, and the fill weight using statistical process controls.

6.1.2.2 Chemistry of gelatin:Understanding the chemical nature of gelatin is another
important component of the critical attributes of the formulation. Gelatin is graded primarily on
the strength of the gel. Depending on the process and the tissue source, noticeable differences
in strength are apparent among suppliers and even between lots from the same supplier.
Consequently, controlling the strength of the gelatin from batch to batch, measured as Bloom
strength, is key to obtaining a consistently performing product. Bloom strength is a measure of
the ability of a given weight of gelatin to set up in water under controlled conditions and is a
function of the molecular weight of the gelatin, the concentration of the gelatin in the gel, and
the pH of the gel. It is a measure of the resultant gel's resistance to compression and is
reported in Bloom-grams or just grams. Bloom strength increases when the gelatin
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concentration in the gel increases, when the average molecular weight of the gelatin increases,
and when the pH of the gel approaches neutrality (from either direction). In addition, as Bloom
strength increases, the cost of gelatin increases and the rate of gel dissolution decreases.
Bloom strength also has an effect on the clarity and color of liquid-filled capsules. For gelatin
with higher Bloom strength, less gelatin is needed to produce a suitable shell, which results in a
clearer shell and a reduced need for colorants and dyes in order to produce the desired hue.
Although gelatin can be purchased with Bloom strengths ranging from 50 to 300, most gelatins
used in the manufacture of liquid-filled capsules have a Bloom strength of about 150–200 for
softgels and 220–280 for hardgels. Gelatin manufacturers commonly blend different sublots of
gelatin to meet Bloom requirements. These important characteristics of gelatin must be taken
into account when characterizing the product under development.

6.1.2.3 Chemistry of other polymers:Suitable consideration should be given to the other
polymers used to manufacture capsule shells.

6.1.3 PROCESSING AIDS

Processing aids are used as gelatin ribbon lubricants in the gelatin manufacturing process.
Because these processing aids contact only the exterior surface of the gelatin capsules, the
evaluation of their potential adverse effects is focused on the capsule itself and primarily on
gelatin cross-linkage.

6.1.4 STABILITY AND STORAGE CONDITIONS

Knowledge of the stability and reactivity of gelatin or other polymers is essential to anticipate
their influence on final product quality. At room temperature, the shells of the capsules as
supplied are relatively effective at protecting the fill from oxygen and its effects, and when an
opacifier such as titanium dioxide is added to the shell, it can prevent photodegradation of the
fill. In addition, the low water activity of the shell does not promote microbial growth. Bacteria,
yeasts, and molds require higher water activity of at least 0.80Aw; the water activity of
capsule shells typically is less than 0.40 Aw. 
Storage conditions of the final product range from refrigeration to standard room temperature.
Products should be stored according to the label directions. Brief excursions outside of these
conditions must be evaluated to determine their influence on the final product quality. Storage
conditions and duration for the empty capsule shells also should be considered.

6.1.5 FORMULATION DEVELOPMENT AND MANUFACTURING

Understanding the properties of the active ingredient(s) is essential during formulation
development. Liquid-filling technology is applicable to active ingredients that display poor
solubility in aqueous systems, short half-life requiring frequent dosing, low melting point, low
dose/high potency, and critical stability. Other process-related factors include the following:

Compatibility and stability of excipients and active ingredient(s) over time
Temperature-dependent solubility of the active ingredient(s) in the lipid
Aging/polymorphic characteristics of the lipid
Adequate characterization of the saturation/supersaturation status of the active
ingredient(s) in the lipid formulation in order to avoid “crash out” of the active
ingredient(s). Optimally, saturation status should be determined when the formulation is
at equilibrium with the shell.
Stability in solution under stress conditions
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Aldehyde formation and degradation of active ingredient(s)
Influence, if any, of the rate of cooling on the structure of certain excipients, which
may modify the release characteristics of the active ingredient(s)

The important factors during a liquid-filling operation are temperature and viscosity of the fill
material and, in the case of a dispersion, the particle size of the dispersed active ingredient(s).
In principle, any excipient found to be compatible with the shell can be used, but in a
manufacturing environment the viscosity of the fill material is important. Excipients that are

solid at room temperature but melt at temperatures up to 70  are suitable for formulating
active ingredient(s) provided those excipients yield the desired in vivo performance. 
Both shell and fill excipients should be controlled for levels of known cross-linking agents such
as formaldehyde and reducing sugars. 
Imperfections in the shell and/or in the seam may affect dissolution. 
The appropriate in-process controls should be in place to monitor and reduce the lot-to-lot
variability.

6.1.6 CLINICALLY RELEVANT SPECIFICATIONS

A critical part of QbD is the selection of specifications that are meaningful from an in vivo
perspective. Hence every effort should be made during procedure development to ensure that
the procedure is challenged to detect changes in the critical quality attributes. This places a
responsibility on the analysts and/or formulators to perform design of experiment (DoE) studies
to detect changes. If an in vivo-in vitro correlation (IVIVC) is not possible, then an in vivo-in
vitro relation (IVIVR) and rank order should be shown.

1. INTRODUCTION

This general information chapter provides approaches for the development of dissolution test

procedures for capsules, which are not provided by Dissolution 711 , Drug Release 724 ,

The Dissolution Procedure: Development and Validation 1092 , and Disintegration and

Dissolution of Dietary Supplements 2040 . The chapter also discusses quality attributes
associated with capsules that may affect the outcome of the dissolution testing.

1.1 Types of Capsules

Capsules can be classified as two main types based on the physical characteristics of the shell:
soft capsules and hard capsules. For the purpose of this chapter, soft-shell capsules and hard-
shell capsules are referred to as softgels and hardgels, respectively. Softgels have a thicker
shell and typically exhibit a higher degree of elasticity because of the added plasticizer and
have slightly longer rupture time when compared with hardgels. By comparison, hardgel
capsules have a thinner and more rigid shell than do softgel capsules. Both softgels and
hardgels are composed of a polymer, e.g., gelatin, starch, or a cellulose derivative such as
hypromellose (HPMC) or other polymers, a plasticizer, and water. For hardgels, water acts as
the plasticizer, whereas softgels contain high-boiling-point polyols such as glycerol or sorbitol
as plasticizer, and also contain water. Although many parameters affect the physical and
chemical properties of the shell, the ratio of polymer to plasticizer primarily determines the
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rigidity, brittleness, and dissolution performance of the shell. 
Capsules can also be characterized by the chemical properties of the fill material (hydrophobic-
based versus hydrophilic-based fill materials) or by the physical properties of the fill material
(solution versus dispersion versus solid). Hydrophobic solutions include neat oils, combinations
of miscible oils, or active ingredients dissolved in oil vehicles. Hydrophobic dispersions include
active ingredients dispersed or suspended in oil or in oil-wax mixtures. The latter often are
termed semisolids. Hydrophilic solutions can be neat liquids, combinations of water-miscible
liquids, or active ingredients dissolved in water-miscible vehicles. Hydrophilic dispersions or
suspensions include active ingredients dispersed or suspended in hydrophilic vehicles such as
polyethylene glycol. Solid fill materials consist of mixtures of excipients and active ingredients
whose properties like hydrophilicity/hydrophobicity, polymorphism, particle size, etc., drive the
dissolution behavior.

1.2 Manufacturing and Packaging Issues That Can Affect Dissolution Testing

A number of issues affect the development of a dissolution procedure and the dissolution
behavior for capsules, including:

Properties of capsule shell material

Properties of the fill material

Interaction between capsule shell material and fill material

Gelatin is a hygroscopic material, and its moisture content affects the properties of hard and
soft gelatin capsules. Since certain excipients are known hygroscopic agents, it is particularly
important to monitor the mechanical properties of gelatin capsules stored under various
conditions of temperature and relative humidity. The factors that can affect the capsule
properties include: moisture exchange between the shell and the fill material, which potentially
can create brittleness in the gelatin shell; and chemical interactions between the fill material
and gelatin, which can result in gelatin cross-linking. 
The potential for aldehydic impurities and formation of degradants and degradation of the
active ingredients or excipients in the formulation should be investigated during product
development by means of stability studies (aldehydes contribute to cross-linking; see section
2. Cross-Linking in Gelatin Capsules). Understanding the possible routes of aldehyde or ketone
formation, and possible sources of aldehyde, helps to predict capsule behavior. The rate of
cooling and drying may modify the characteristics of the active ingredient release from the
matrix. The possibility of migration of the active ingredient into the capsule shell, particularly
when the softgel is made of gelatin, should be investigated for its impact on dissolution testing.
Capsule shells can become reactive depending on the storage conditions. Product packaging
and storage conditions are chosen to prevent adverse effects on capsule quality. The ingress
of moisture and/or oxygen into the packaging and through the capsule shell, as well as the rate
of ingress, can affect the final shelf life for the product. In some cases, an increase in water
content of the capsule shell may produce a measurable reduction in the dissolution time
because a moistened product may facilitate polymer hydration. 
Due to the water content of gelatin shell (usually between 13% and 16%), this type of capsule
behaves as a moisture reservoir which may affect the stability of humidity-sensitive active
ingredients. 
When a capsule is immersed in an aqueous medium, the water permeates the walls, the polymer
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becomes hydrated, and swells. When fully hydrated, the shell starts to dissolve. The amount of
time it takes for water to penetrate capsule shells varies, depending on the nature of the
capsules shell and other factors. This time has been reported to be approximately 40 s for
gelatin capsules and about 3 min for HPMC capsules. This delay may be significant only for
dissolution testing of immediate-release dosage forms, while it should have minor or no impact
on dissolution testing of modified-release formulations.

2. CROSS-LINKING IN GELATIN CAPSULES

Cross-linking involves the formation of chemical links stronger than the simple hydrogen and
ionic bonding between gelatin chains and affects the thermal reversibility of the sol-gel
transition of gelatin in the shell. Cross-linking can be caused by agents present in the capsule
fill that react with gelatin molecules, resulting in the formation of a pellicle on the internal
surface of the shell. Less often, a pellicle may form on the external surface of the shell arising
from reactive agents present in, or derived from the intermediate of final packaging
components. 
A pellicle is a thin, water insoluble clear membrane of cross-linked protein on the inner or outer
surface of the capsule that prevents the capsule fill from being released. Cross-linking is
evidenced by the observation of a thin membrane or a gelatinous mass during dissolution
testing because the pellicle itself may be difficult to observe. 
Cross-linking can also be caused by agents or impurities present in the shell, thereby rendering
the entire shell matrix insoluble under conditions that normally would dissolve the gelatin shell.
One of the strongest and most common types of cross-linking involves the covalent bonding of
the amine group of a lysine side chain of one gelatin molecule to a similar amine group on
another molecule. This reaction is typically caused by trace amounts of reactive aldehydes.
Formaldehyde, glutaraldehyde, glyoxal, and reducing sugars are the most common cross-linking
agents. The covalent bonding produced with this type of cross-linking is, for all practical
purposes, irreversible, and dissolution of the shell must involve the breaking of other bonds
such as the enzyme-mediated breaking of the peptide bonds in the protein chains. 
Gelatin that is chemically modified, e.g., by the addition of succinic acid groups to the lysine
side chains, can prevent or at least hinder aldehyde-mediated cross-linking. A weaker type of
cross-linking involves complexation of free carboxylic acid groups from two different gelatin
molecules with trivalent metal ions such as Fe3+ and Al3+. These cations can be found in some
of the dyes used as colorants or as low-level contaminants of excipients. For higher-Bloom
gelatin (see section 6.1.1 Gelatin), which typically is considered higher quality, cross-linking
occurs more readily because fewer links are needed to join greater lengths of gelatin chains. 
It is extremely important to know and understand the product formulation to identify possible
sources of cross-linking agents and take measures to eliminate or minimize their role in
promoting cross-linking. This knowledge can help in the case of post-approval changes in the
formulation and/or packaging material. 
Common causes of cross-linking include the following:

Aldehydes that are present in the active ingredient, excipients, or packaging materials
(e.g., in residual solvents); or that may be formed in-situ during storage
High humidity (leading to higher oxygen permeability)
Substances that facilitate a cross-linking reaction
Substances that promote decomposition of stabilizer in corn starch
(hexamethylenetetramine), resulting in the formation of ammonia and formaldehyde,
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which cause the cross-linking reaction
Rayon coilers that contain an aldehyde functional group (furfural)
Polyethylene glycol may contain peroxides and aldehydes
UV light, especially with high heat and humidity
Aldehyde formation promoted by elevated temperatures

Dissolution testing of cross-linked capsules can result in slower release of the drug or no
release at all. On rare occasions, if there are defects in the liquid-filled capsule seam, the
capsule can rupture at the seam even in the presence of cross-linking in the gelatin, resulting
in an early release of the capsule fill in the dissolution medium. The degree of cross-linking is
not uniform within one capsule or among different capsules. As consequence, there is a higher
variability in the dissolution results if the gelatin capsules are cross-linked. Enzymes can be

added to the dissolution medium to overcome this problem (see 711  Dissolution). Enzymes
should not be used in the absence of such evidence.

3. DISSOLUTION PROCEDURE DEVELOPMENT

Design of a procedure for dissolution testing of capsules depends on the product formulation.
The composition of the fill, the solubility of the active ingredient(s) in the fill, and the dispersion
of the fill into the dissolution media all have an effect on the dissolution behavior of a given fill
formula. For example, a formulation that contains a lipid-soluble active ingredient with

hydrophobic excipients and a melting point in excess of 37  will likely not release the active
ingredient into solution in aqueous media in a timeframe that is consistent with the
expectations for immediate-release dosage forms. By contrast, a freely water-miscible active
ingredient dissolved or dispersed in a water-soluble or water dispersible fill formula at room
temperature will be released into solution very soon after the shell ruptures and the dosage
form releases the fill material into the media. 
The specific design of the formulation and the target release profile should be known when
developing a dissolution method for any given product. For lipid-based formulations that often
are less dense than aqueous media, the release of the fill from the capsule may be driven by
buoyancy. If the formulation has been designed to be self-emulsifying or self-microemulsifying,
the formulation will efficiently disperse into most aqueous media. Formulations such as those
that consist simply of a triglyceride with no additional co-solvent or emulsifier will rapidly float
to the dissolution medium surface in the vessel. In this situation the quantitative results from a
dissolution test provide the rate of drug partition from this floating layer. The apparatus
selection is perhaps the most critical step for these types of capsules because the efficiency
with which the capsule contents mix with dissolution media is highly influenced by the
hydrodynamics of the agitation. Once the apparatus has been selected, other variables to
consider in developing a dissolution test are rotation speed, dip rate or flow rate,

surfactant/solubility enhancer type and concentration, and medium volume and pH (see 711

, 1092 , and 2040 ). 
To better guide the dosage form design it may be useful to consider other characteristics of
the product such as solubility of the active ingredient(s) in different media, intrinsic dissolution
of the active ingredient(s) (see Apparent Intrinsic Dissolution—Dissolution Testing Procedures

for Rotating Disk and Stationary Disk 1087 ), dispersibility, globule size for emulsions, micelle
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formation, digestion, precipitation on dilution in media, phase behavior studies, and burst tests
to detect gelatin cross-linking. 
The rupture test may be a useful tool in the early steps of the development and evaluation of
the formulation, especially if the active ingredient belongs to Biopharmaceutics Classification
System Class 1 (see FDA Guidance for Industry—Waiver of In vivo Bioavailability and
Bioequivalence Studies for Immediate-Release Solid Oral Dosage Forms Based on a
Biopharmaceutics Classification System) and is formulated in a water-miscible fill. For this
purpose, rupture is considered to occur when the capsule shell is breached, exposing the fill
contents. If the rupture of the capsule shell can be correlated with dissolution data, then
rupture can be explored as a possible alternative to the dissolution test.

3.1 Apparatus

As is the case with other oral solid dosage forms, USP Apparatus 1 (basket), USP Apparatus 2
(paddles), USP Apparatus 3 (reciprocating cylinder), and USP Apparatus 4 (flow-through cell)

are most often chosen as the dissolution apparatus for capsules (see 711  and 2040 ).
However, several specific benefits and drawbacks must be considered in selecting and using
the dissolution apparatus for capsules:

Capsules may be filled with a material that has a specific gravity less than that of
water. Therefore, the capsules may float in an aqueous dissolution medium;
Instead of dissolving completely during the dissolution test, the capsule shell may
soften and disintegrate into a sticky or waxy mass that can adhere to any point in the
dissolution vessel and in different areas in different vessels, generating high variability in
the results.
The capsule fill material may form a film on the surface of the dissolution medium during
the course of the test.

The capsule dissolution process involves three stages: (1) rupture of the capsule shell, (2)
release and dispersion of the capsule fill material, and (3) dissolution of the active ingredient(s)
in the medium. Each dissolution apparatus referred to previously can achieve these three
stages, but they may cause different hydrodynamic effect upon capsules as on any other
dosage form as well.

3.1.1 USP APPARATUS 1 (BASKET)
This apparatus has the advantage of enclosing the capsules, preventing them from floating
freely in the medium. For certain capsules, however, baskets may not be suitable. As the
capsule ruptures, the material from the capsule shell may clog the basket's mesh, and for
hydrophobic fill materials the oil phase released from the capsule may not disperse into fine
enough droplets in the basket to efficiently pass through the mesh. A larger-size mesh may be
needed to overcome these limitations.

3.1.2 USP APPARATUS 2 (PADDLES)
This apparatus does not have a mesh that can clog, but it does not prevent the capsules from
floating. In these instances, wire coils can be wound around the capsules, or commercially
available sinkers can be used to encase the capsules and hold them on the bottom of the
vessel, allowing the fill to become exposed to more of the medium (see Apparatus/Agitation,

Sinkers in 1092 ). Sinkers can also be used to prevent the capsule from sticking to the
vessel walls and to provide better contact with the dissolution medium even if the capsule does
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not float and remains at the bottom of the vessel. The shape and size of the sinker can play an
important role in the dissolution profile and should be selected carefully. The swelling, that
occurs when the capsule is placed in contact with the dissolution medium, should be considered
when defining the size of the sinker to be used.

3.1.3 USP APPARATUS 3 (RECIPROCATING CYLINDER)
This apparatus, like Apparatus 1, encloses the capsules. The mesh at the bottom of the
cylinder, however, may become clogged with undissolved shell. Changing the mesh size may
alleviate this problem. The different mechanism of agitation of Apparatus 3 provides very
different hydrodynamics compared with Apparatus 1 and 2. This characteristic may assist in
dispersing hydrophobic droplets, avoiding the formation of layers and some problems caused by
the buoyancy of the capsule. In the case of Apparatus 3, a change to different media during
the course of the dissolution experiment is possible. This allows dissolution profiles to be
determined at different pH values, which is useful for targeted-action or modified-release
dosage forms. For cases where the active ingredient has been dispersed but not dissolved, this
apparatus may not be a good choice since significant sample loss will occur when moving the
cylinder from one tube to the other. However, USP Apparatus 3 has a tendency to generate
foam when surfactants are added to the media. In this situation, an appropriate antifoaming
agent may be added to the medium. 

An alternative to Apparatus 3 is the disintegration apparatus described in Disintegration 701
. The use of disks should be avoided because of clogging. If the discs are not used, the
capsule will float and may not be uniformly wetted. This apparatus offers more turbulent
conditions that could be useful in the dispersion of hydrophobic filling, avoiding the formation of
layers and counteracting the buoyancy of the capsule.

3.1.4 USP APPARATUS 4 (FLOW-THROUGH CELL)
This apparatus also encloses the capsules and has a filter. Several types of cells are available
depending upon the application. The use of the flow-through cell designed for lipid-filled

softgels may be useful for certain types of formulations (see Figure 2 in 2040 ). Use of
Apparatus 4 also makes it possible to change to different media and to alter the flow during the
course of the dissolution experiment. In addition, this equipment can be set up for low or high
volumes of media that can be used with low-strength products and with poorly soluble active
ingredient(s), respectively.

Other apparatus may be considered with proper justification, with each candidate apparatus
evaluated for variations in media composition, media volume, agitation or flow rate, and other
test parameters to determine what effect each has on the dissolution performance of the
product.

3.2 Medium

General recommendations for the selection of appropriate dissolution media can be found in

chapters 1092  and 2040 , FDA Guidance for Industry—Dissolution Testing of Immediate-
Release Solid Oral Dosage Forms and FDA Guidance for Industry—Extended Release Oral
Dosage Forms: Development, Evaluation, and Application of In vitro/In vivo Correlations. 
Characteristics of the dissolution medium that may affect the opening or rupture of the capsule
shell, the release and dispersion of the capsule fill material, and the dissolution of the active
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ingredient(s) are discussed in the following sections.

3.2.1 ACHIEVING SINK CONDITIONS
As in the development of any effective dissolution procedure, the medium preferably, but not
necessarily, should provide sink conditions for the active ingredient(s) in an environment that

ensures suitable stability and, preferably, is physiologically relevant for the product (see 1092

). 
If the fill is water-soluble or, at least, readily dispersible in an aqueous medium, and if the
active ingredient itself is also soluble, sink conditions may be achieved in a manner comparable
to that for any other solid oral dosage form. Liquid-filled capsules, however, may contain either
a matrix or active ingredient (or both) that are hydrophobic or water-insoluble. In this case, a
medium with surfactants may be needed (see below). The use of organic co-solvents to
improve sink conditions is discouraged and should be employed only as a last resort and at a
minimum amount with appropriate justification. In practice, the presence of organic solvents in
the medium may inhibit the dissolution of the shell. 
In addition to dispersing/dissolving the matrix and active ingredient(s), the medium must neither
interfere with the activity of any enzymes used nor negatively interact with the capsule shell or
formulation. Developing a suitable medium for hydrophobic systems therefore may require

considerable experimentation. For example, using testing from 711 , the addition of enzymes
is required when the gelatin capsule fails the test due to pellicle formation. When certain
surfactants are used (e.g., sodium lauryl sulfate), the enzyme may be deactivated, depending
on the type and concentration of surfactant used. In this case, a pretreatment period with the
proteolytic enzyme followed by a later addition of the surfactant to the medium may be
considered. The time of this pre-treatment should be as short as possible. In most cases, it
does not exceed 15 min. The pre-treatment period is included in the total time of the
dissolution testing. 
To establish a suitable medium, several different dissolution media should be evaluated to
identify the one that achieves appropriate sink conditions with the lowest quantity of
solubilizing/dispersing agent. The effect of pH, ionic strength, buffer counter-ion and/or co-
solvent on active ingredient solubility and enzyme activity, particularly for hydrophobic active
ingredients, in addition to the relative partitioning of the active ingredient between the matrix
and medium, must also be evaluated.

3.2.2 USE OF SURFACTANTS/DISPERSING AGENTS/SOLUBILITY ENHANCERS
Surfactants, dispersing agents, or solubility enhancers may be used in the dissolution medium
when the capsule fill, the active ingredient, or both, are hydrophobic or water-insoluble. They

may also be used if the media described in 1092  and in the FDA guidance are ineffective in
dispersing the capsule fill or in achieving proper sink conditions for the active ingredient. 
Surfactants, dispersing agents, and solubility enhancers include:

Anionic:
Sodium dodecyl sulfate (SDS, or sodium lauryl sulfate, or SLS)
Bile salts (sodium deoxycholate, sodium cholate)

Cationic:
Cetyltrimethylammonium bromide (CTAB)
Hexadecyltrimethylammonium bromide (HTAB)
Methylbenzethonium chloride (HyamineTM)

Nonionic:
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Polysorbates (TweenTM)
Polyoxyethylene sorbitan esters
Octoxynol (Triton X100TM)
N,N-dimethyldodecylamide-N-oxide
Brij 721
Polyoxyl castor oil (CremophorTM)
Nonylphenol ethoxylate (TergitolTM)
Cyclodextrins
Polyoxyl 10 lauryl ether

Zwitterion
Lauryl dimethyl amine oxide (dodecyldimethylamine oxide, DDAO)
Lecithin

Although useful as solubilizing agents, surfactants should be used cautiously because they can
interact with the gelatin in the capsule shell and can hinder disintegration or dissolution. They
can also inhibit enzymes that may be used to hydrolyze the gelatin shell and/or the fill. 
One of the most common anionic surfactants used for dissolution testing of tablets, SLS,
exhibits both of these adverse effects, particularly at lower pH (e.g., in simulated gastric fluid).
In addition, SLS forms insoluble precipitates in the presence of potassium ions. SLS is one of
the surfactants less compatible with enzymes. Only a very high quality grade of SLS should be
employed in dissolution media because of the potential interference of its impurities in the
quantitation step in dissolution testing. Therefore, the use of SLS should be considered only in
the absence of other alternatives. 
Other anionic or cationic surfactants have also been shown to affect gelatin solubility, and the
extent of these interactions should be considered in the selection of the dissolution medium.
Cationic surfactants should be avoided in formulations that contain fatty acids because the
combination potentially forms insoluble precipitates.

3.2.3 USE OF ENZYMES

Proteolytic enzymes such as pepsin (at low pH) or pancreatin (at pH 6.8) may be used when
the gelatin capsule shell does not dissolve in ordinary aqueous media because of cross-linking,
as previously discussed. Pancreatin has the advantage of also possessing lipase activity, which
makes it useful when the capsule fill material is a triglyceride. 
Tests should be carried out to ensure that the enzymes used in the dissolution testing do not
adversely interact with the formulation. The dissolution medium should also be optimized (e.g.,
by adjusting the pH, ionic strength, etc.) so that it preserves enzymatic activity while
maintaining sink conditions for the active ingredient. If surfactants are also used, their potential
adverse effect on enzyme activity must be evaluated.

3.2.4 PH
In addition to establishing a drug pH-solubility profile during the dissolution development, the
following specific issues should also be evaluated:

The effect of media pH on the swelling or dissolution of the capsule based on the type
of gelatin used in the product: either Type A (for which the medium pH typically is 7–9)
or Type B (for which the medium pH typically is 4.7–5.4)
The need for enzymes may influence the selection of a specific pH range in order to be
adequate for the active ingredient solubility and stability and to minimize effects on
enzyme activity.
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3.3 CROSS-LINKING IN GELATIN CAPSULES
As previously discussed, cross-linking results in the formation of pellicles on the internal or
external surface of the shell. Depending on the extent of the cross-linking and the structural
integrity of the shell, this pellicle may delay or prevent the release of the fill and the dissolution
of active ingredient(s) during the test. 
Pellicles often are difficult to dissolve and typically require the use of proteolytic enzymes in
the medium to achieve dissolution. 
Gelatin also forms ionic cross-links (salt bridges), typically between carboxylate (anionic) and
ammonium (cationic) side chains of the amino acids comprising the polypeptide chain. Although
they can inhibit gelatin dissolution, ionic cross-links are much weaker than covalent cross-links
and may be disrupted by changing the ionic strength or pH of the medium or by using an
enzyme.

3.3.1 Forced Cross-Linking

During product and dissolution method development, forced formation of cross-linking in the
gelatin capsule may be useful to establish the type and amount of enzyme that will be used in
the test, and to better understand the behavior of the formulation in the dissolution medium.
This can be achieved by spiking excipients with known amounts of formaldehyde or other cross-
linking agents, or exposing the capsules to high humidity.

3.4 Sampling

Establishing the proper sampling technique and location for capsules follows the procedures

described in chapters 711  and 1092 . In the case of hydrophobic liquid filled capsules,
the fill material typically forms a film on the surface of the dissolution medium during the course
of the test, sampling must be performed in such a way that the cannula penetrates the oily
layer without being clogged. In addition to standard validation and compatibility studies, care
must be taken when a filter is used to ensure that it does not become clogged with oil or
undissolved capsule shell material when the sample is taken. Similar considerations apply to
automated sampling equipment because filters and transfer lines may become obstructed during
sampling. To address this issue, the use of surfactants and/or enzymes in dissolution media
may be needed to better solubilize the capsule shell and fill. Another point to be considered in
the case of automated sampling equipment is the probe. If it remains inside the medium during
the test, it could perturb the oily layer and possibly influence the hydrodynamics and change
the dissolution profile. An alternative approach is to remove the probe and to introduce it just
at the time of the sampling. The sampling method should be validated for each product.

3.5 Quantitation

Like dissolution samples from other oral solid dosage forms, dissolution samples from capsules
can be quantitated using chromatographic, spectrophotometric, tandem chromatography-mass

spectrometry, and other techniques after adequate method development and validation (see 

1092  and where special considerations are described as follows under section 4. Method
Validation).

4. METHOD VALIDATION
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In addition to the general method validation parameters discussed in 1092 , the following
performance characteristics may be evaluated:

Effect of pH and ionic strength on drug solubility and on enzyme activity, if enzymes are
used
For hydrophobic active ingredient(s), the relative partitioning of the active ingredient(s)
between the matrix and the medium, as well as the potential for an adverse effect on
release into the aqueous medium
For chromatographic procedures, the potential adverse effect of the surfactant, if used,
on the chromatographic separation; as part of the robustness study, evaluation of
different concentrations of surfactant, different surfactant types, interaction with
buffer salts, etc.
For spectrophotometric procedures, absorbance from the potential contribution of the
capsule shell should be evaluated
Potential adverse effects of the surfactant or enzyme, if present, on the lifetime of the
chromatographic column
Qualification of the sampling procedure to prevent clogging of the cannula, transfer
tubing, or filters
Validation of the second tier dissolution test

pre-soaking time
compatibility of any surfactants present with the enzymes
verification that the conditions of the second tier test do not affect the
dissolution profile when compared to the first tier test

5. SUGGESTIONS FOR STARTING POINTS

Based on the considerations discussed above, possible starting points for establishing a
dissolution test for capsules based on the solubility characteristics of the fill and the active
ingredient(s) are the following: 
Possible formulations:

1. Hydrophilic fill/active ingredient is soluble in aqueous media
2. Hydrophobic fill/active ingredient is poorly soluble in aqueous media
3. Hydrophilic fill/active ingredient is poorly soluble in aqueous media
4. Hydrophobic fill/active ingredient is soluble in aqueous media

5.1 Medium

Evaluate the solubility of the active ingredient(s) in aqueous media within a pH range of 1.0 to
7.2–7.5.

5.2 Medium Additives

Enzymes such as pepsin (at pH <4.0) or pancreatin (at pH 6.8) may be used if the product
shows evidence of cross-linking in the gelatin capsule. If the product is a formulation such as 2
or 3 above, evaluate the use of surfactants and possible interaction with enzymes.
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5.3 Apparatus

USP Apparatus 1 or 2. If the capsule is filled with low-specific-gravity liquid and has a tendency
to float, sinkers should be used. If the product is a formulation such as 2 or 4 above, consider
Apparatus 3 as an option.

5.4 Agitation Speed

Agitation speed typically is 50–100 rpm for baskets and 50–75 rpm for paddles. Higher speeds
should be justified.

5.5 Time Points

A dissolution profile should be established during the development phase to identify when the
rate of active ingredient release has leveled off.

6. CRITICAL QUALITY ATTRIBUTES

6.1 Shell Composition

Knowledge of the composition of the shell (polymer, plasticizers, water content, etc.), as
discussed at the beginning of this chapter, is an important aspect and helps determine critical
quality attributes. Other important aspects of understanding the critical quality attributes are
the composition and properties of the gel mass and finished shell. In its simplest form, the shell
of a capsule is prepared from a molten gel mass, which in the case of hardgels comprises
gelatin or other polymers and water and in the case of softgels the shell is comprised of gelatin
and a plasticizer dissolved in an aqueous vehicle. The ratio of polymer to plasticizer varies
depending on the desired performance traits of the shell, the size of the shell, and the
composition of the fill material. Other minor components added to the gel mass may include
colorants, flavors, stabilizers, buffers, and opacifiers. The physical characteristics and quality
of these minor components are central to the design of high-quality and robust formulations.
The composition of hardgels usually does not vary with capsule size.

6.1.1 GELATIN

Gelatin capsule manufacturing process: For hardgels, there are two separate manufacturing
steps: (1) manufacturing the empty shells and (2) the filling process. Capsule shells are
produced, packaged, and shipped to the dosage form manufacturers. Capsules are then filled
and sealed. Most modern capsule-filling machines are designed to allow accurate filling of
powders, granules, pellets, tablets, and combinations of these and many can be modified to
allow hot or cold liquid to be filled into hardgels. An essential part of a liquid-filling operation is
the ability to effectively seal the capsule. This sealing process is a critical process parameter,
and detailed knowledge of all the aspects of this process is important. 
For softgels, the formation of the capsule, the filling process (encapsulation process), and
sealing of the capsules occur simultaneously. During the encapsulation process, it is important
to monitor the shell thickness, seam quality, capsule weight, and the fill weight using statistical
process controls.

Chemistry of gelatin: Understanding the chemical nature of gelatin is another important
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component of the critical attributes of the formulation. Gelatin is graded primarily on the
strength of the gel. Depending on the process and the tissue source, noticeable differences in
strength are apparent among suppliers and even between lots from the same supplier.
Consequently, controlling the strength of the gelatin from batch to batch, measured as Bloom
strength, is key to obtaining a consistently performing product. Bloom strength is a measure of
the strength of the gel prepared at a set concentration of gelatin in water under controlled
conditions and is a function of the molecular weight of the gelatin, the concentration of the
gelatin in the gel, and the pH of the gel. It is a measure of the resultant gel's resistance to
compression and is reported in Bloom-grams or grams. Bloom strength increases when the
gelatin concentration in the gel increases, when the average molecular weight of the gelatin
increases, and when the pH of the gel approaches neutrality (from either direction). In addition,
as Bloom strength increases, the cost of gelatin increases and the rate of gel dissolution
decreases. Bloom strength also has an effect on the clarity and color of liquid-filled capsules.
For gelatin with higher Bloom strength, less gelatin is needed to produce a suitable shell, which
results in a clearer shell and a reduced need for colorants and dyes in order to produce the
desired hue. Although gelatin can be purchased with Bloom strengths ranging from 50 to 300,
most gelatins used in the manufacture of liquid-filled capsules have a Bloom strength of about
150–200 for softgels and 220–280 for hardgels. Gelatin manufacturers commonly blend different
sublots of gelatin to meet Bloom requirements. These important characteristics of gelatin must
be taken into account when characterizing the product under development.

6.1.2 CHEMISTRY OF OTHER POLYMERS

Suitable consideration should be given to the other polymers used to manufacture capsule
shells. Iota and kappa carrageenans, modified corn, potato, and pea starches, and modified
celluloses, together with plasticizers are also used for the preparation of capsule shells.
Carrageenans are polysaccharides extracted from sea weeds. They possess the required gelling
characteristics similar to gelatin. However, kappa carrageenan produces a brittle gel, and iota
carrageenan a soft and elastic gel. Carrageenans are usually combined with modified starches
and plasticizers to form the capsule shell. Modified celluloses, such as hypromellose (HPMC), are
also used for the manufacturing of hardgels. Compared to gelatin shell, the shell prepared using
the polymers mentioned above will have some advantages, such as non-crosslinking, being able
to handle wider pH ranges, and tolerance of high fill temperature.

6.1.3 PROCESSING AIDS

Processing aids include gelatin ribbon lubricants in the softgel manufacturing process. Commonly
used ribbon lubricants include mineral oil and medium chain triglyceride. Since ribbon lubricants
are applied to both the inner and outer surfaces of the capsule shell, the evaluation of their
potential adverse effects is focused on the capsule itself and primarily on gelatin cross-linkage.

6.2 Stability and Storage Conditions

Knowledge of the stability and reactivity of gelatin or other polymers is essential to anticipate
their influence on final product quality. At room temperature, the capsule shells as supplied are
relatively effective in protecting the fill from oxygen and its effects, and when an opacifier such
as titanium dioxide is added to the shell, it can prevent photodegradation of the fill. In addition,
the low water activity of the shell does not promote microbial growth. For bacteria, yeasts, and
molds to grow a higher water activity of at least 80 aw is required; the water activity of
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capsule shells typically is less than 0.40 aw. 
Storage conditions of the final product range from refrigeration to standard room temperature.
Products should be stored according to the label directions. Brief excursions outside of these
conditions should be evaluated to determine their influence on the final product quality.
Storage conditions and duration for the empty capsule shells should also be considered.

6.3 Formulation Development and Manufacturing for Liquid-Filled Capsules

It is important to understand the properties of the active ingredient(s) during formulation
development. 
Formulations developed using liquid-filling technology may be applicable when the active
ingredients (1) display poor solubility in aqueous systems, (2) short half-life requiring frequent
dosing, (3) low melting point, (4) low dose/high potency where containment is important, (5)
requirement for taste or odor masking and (6) critical chemical or physical stability as in the
case of highly hygroscopic active ingredients. Other factors to consider during formulation
development include:

Compatibility and stability of excipients and active ingredient(s) over time
Temperature-dependent solubility of the active ingredient(s) in the lipid
Aging/polymorphic characteristics of the lipid
Adequate characterization of the saturation/supersaturation status of the active
ingredient(s) in the lipid formulation in order to avoid precipitation of the active
ingredient(s). Optimally, saturation status should be determined when the formulation is
at equilibrium with the shell.
Stability in solution under stress conditions
Aldehyde formation and degradation of active ingredient(s)
Influence, if any, of the rate of cooling on the structure of certain excipients, which
may modify the release characteristics of the active ingredient(s)

Important factors to consider during a liquid-filling operation are temperature and viscosity of
the fill material and, in the case of a dispersion or suspension, the particle size of the dispersed
active ingredient(s). In principle, any excipient found to be compatible with the shell can be
used, but in a manufacturing environment the viscosity of the fill material is important.

Excipients that are solid at room temperature but melt at temperatures up to 70  may be
suitable (depending on the shell polymer) for formulating active ingredient(s) provided those
excipients yield the desired in vivo performance. 
Both shell and fill excipients should be controlled for levels of known cross-linking agents such
as formaldehyde and reducing sugars. 
Imperfections in the shell and/or in the seam may affect dissolution. They may also give rise to
leaking of the capsules contents. 
The appropriate in-process controls should be in place to monitor and reduce the lot-to-lot
variability.

BRIEFING

1229.7  Gaseous Sterilization. The USP General Chapters—Microbiology Expert
Committee has proposed separating current general information chapter Sterilization and

Sterility Assurance of Compendial Articles 1211  into several individual chapters (1). This

proposed chapter 1229.7  addresses Gaseous Sterilization.

1S (USP37)

PF 39(3): May-Jun. 2013 117



The use of sterilizing gases for the preparation of materials and equipment is in widespread
application for items that are susceptible to damage by heat or radiation processes. Many
polymeric materials, especially medical devices, are sterilized in this manner, as is non-
pressure-rated process equipment. The majority of gas sterilization processes employ ethylene
oxide (EtO), and procedures for use with other gases generally are patterned after EtO
practices. Ozone, mixed oxides of nitrogen, and chlorine dioxide are some of the other gaseous
sterilants used. Gas sterilization differs markedly from processes during which the agent used
may condense during the process.

As outlined in Sterilization of Compendial Articles 1229 , analysts must take care during
sterilization to ensure that the essential quality attributes of the materials are unaffected by
the process. With respect to gaseous processes, this can include immediate effects on the
materials or equipment being sterilized, residual sterilant and sterilant byproducts, and potential
chemical reactions.

The common gas processes differ slightly with respect to process execution and material
concerns and thus are described individually in this chapter.

This proposed chapter provides an overview of gaseous sterilization and its validation.

(GCM: R. Tirumalai.)
Correspondence Number—C128027

Comment deadline: July 31, 2013

Add the following:

1229.7 Gaseous Sterilization

INTRODUCTION

The use of sterilizing gases for the preparation of materials and equipment is in widespread
application for items that are susceptible to damage by heat or radiation processes. Many
polymeric materials, especially medical devices, are sterilized in this manner, as is non-
pressure-rated process equipment. The majority of gas sterilization processes employ ethylene
oxide (EtO), and procedures for use with other gases generally are patterned after EtO
practices. Ozone, mixed oxides of nitrogen, and chlorine dioxide are some of the other gaseous
sterilants used. [Systems that can exist in liquid and gas phase at the operating temperatures
(e.g., hydrogen peroxide, peracetic acid, and paraformaldehyde) are excluded from
consideration in this chapter.] All gas sterilization processes require that appropriate
concentration, relative humidity, pressure, and temperature conditions be maintained. EtO's
ability to penetrate through polymers, papers, and other materials allows it to be used for the
terminal sterilization of medical devices in their final packaging. The other sterilizing gases may
be suitable for similar applications. 
Process control for gas sterilization equipment is accomplished by control of gas concentration,
relative humidity, temperature, and system pressure. Because these are true gases, single-
point monitoring during operation can be used to determine process lethality. Mixing of the gas
in the sterilization chamber may be beneficial. Ethylene oxide has been approved for parametric

release as described in Terminally Sterilized Pharmaceutical Products—Parametric Release 
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1222 . 
Gas sterilization differs markedly from processes during which the agent used can condense
during the operation. Vapor sterilization processes will be addressed separately in Vapor-Phase

Sterilization 1229.11 . 

As outlined in Sterilization of Compendial Articles 1229 , analysts must take care in ensuring
sterility and demonstrating that the essential quality attributes of the materials are unaffected
by the process. With respect to gas processes, key process parameters include the immediate
effects of sterilizing gas on the materials or equipment being sterilized, residual sterilant,
sterilant byproducts, and potential chemical reactions. The common gas processes differ
slightly with respect to process execution and material concerns and thus are described
individually.

ETHYLENE OXIDE

Ethylene oxide is a powerful alkylating agent that destroys microorganisms by chemical
reaction, primarily with cell DNA. The destructive mechanism largely follows first-order kinetics
and depends on concentration, humidity, and temperature. The use of EtO for medical devices
in their final packaging has, to a large extent, shaped EtO sterilization processes (and, to a
lesser extent, all gas sterilization) for other applications (2). The usual EtO process follows a
sequence of prehumidification, rehumidification in the chamber, air removal, gas exposure, gas
removal from the chamber, and postexposure aeration. The preexposure steps ensure that
adequate moisture is present on and within the items being sterilized. The postexposure steps
provide time for the diffusion of EtO and its byproducts out of the materials and packaging.
When EtO is used for nonporous equipment the process can be streamlined, which eliminates
many of the pre- and postexposure steps because of the need only for surface sterilization.
Unlike heat sterilization processes, during EtO sterilization the gas is introduced at the
beginning, and only minimal additions are necessary later to maintain pressure. Humidity
adjustment during the process also may be required. In some instances, EtO reacts with
materials in the load to form ethylene chlorohydrin and ethylene glycol. These compounds,
including EtO, must be reduced to safe levels before the items can be used by patients (3,4).
EtO processing requires strict worker safety and environmental controls because it is
associated with carcinogenicity, mutagenicity, and neurotoxicity. In addition, EtO is explosive in
concentrations of greater than 3% by volume in air. The commonly accepted biological indicator
(BI) strain is Bacillus atrophaeus (formerly B. subtilis var. niger).

OZONE

Ozone is a potent oxidizing agent produced by passing a stream of oxygen or air through a
high-voltage electrical field. Ozone is an effective biocidal agent for treatment of water
supplies and has demonstrated lethality at concentrations from 2%–10% in air. Optimal
microbial destruction is accomplished when the relative humidity is above 80% at room
temperature. Ozone degrades to oxygen in the presence of moisture and metals and therefore
usually is generated in situ. Ozone does not penetrate porous materials to the same extent as
EtO does. Process systems that use ozone for gas sterilization have the advantage of
simplicity. Its generation and destruction (using a catalytic converter) are accomplished
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without moving parts or consumables other than the supplied oxygen. The sterilization process
uses a sequence of humidification, injection, exposure, and ventilation to remove the ozone
from the chamber at the end of the cycle. The common BI identified for ozone is Geobacillus
stearothermophilus.

CHLORINE DIOXIDE

Chlorine dioxide is an effective sterilizing gas. Pure chlorine dioxide is metastable and therefore
is generated as needed. Chlorine dioxide is noncarcinogenic, nonflammable, and effective at
ambient temperatures. Its ability to penetrate materials is believed to be less than that of EtO. 
A typical chlorine dioxide sterilization process uses a sequence of preconditioning, conditioning
dwell period, charge, and exposure, followed by aeration. 
The BI most commonly used is B. atrophaeus.

VALIDATION OF GAS STERILIZATION

The validation of gas sterilization often uses the half-cycle approach (an extreme example of
the overkill method), which was originally developed specifically for use with EtO. The absence
of information relating the effect of varying gas concentration, humidity, and temperature on
microorganisms resulted in a conservative assumption that the bioburden is equal in
antimicrobial resistance and population to that of the biological indicator. The half-cycle
method can be defined as follows: 
The half-cycle validation method requires the destruction of a high concentration (NLT 106

spores) of a resistant microorganism under defined, minimum conditions for complete kill. This
establishes the minimum lethal process dwell time. In routine operation, the process dwell
period is arbitrarily doubled and supports a theoretical reduction of the biological indicator (and

thus the bioburden) to a Probability of a Nonsterile Unit (PNSU) of 10 6 (for definitions of terms

in this chapter, see Sterilization of Compendial Articles 1229 ). 
The half-cycle method used for gas sterilization is shown in Figure 1.

Figure 1. Half-cycle sterilization validation.

Alternative approaches to cycle validation are available. Gillis and Mosley developed a means
for parametric evaluation of EtO sterilizing conditions that may result in greater use of other
validation approaches (5). A bracketing approach (see Figure 2) that better supports the
process operating ranges for the critical parameters relative to the half-cycle method also has
been used. In the bracketing method, one evaluates conditions that bracket the defined
process condition in order to establish parameters for the minimum and maximum effects on the
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materials and bioburden. The minimum lethal process dwell time (see half-cycle description
above) establishes the worst case for microbial kill. Incremental increases in process dwell time
beyond the minimum lethal process dwell time are used to establish the maximum exposure
periods, which impart the greatest effect on materials. In addition, adjustments to agent
concentration and relative humidity are utilized to further enhance the bracketing approach. By
this method, the routine process conditions may be established between the minimum and
maximum process conditions to assure complete microbial kill while maintaining the integrity of
the materials.

Figure 2. Bracketing method.

Equipment Qualification

The equipment qualification for gas sterilization should include both pre- and postcycle
elements used to confirm that the equipment has been properly installed and operates as
intended.

Empty Chamber Parameter Distribution

Despite the use of true gases, evaluation of parameter uniformity across the chamber is a
common activity. This ensures that the gas and humidity introduction methods provide
consistency throughout the chamber and can be correlated to the routine monitoring
location(s), when present. Biological indicators are not required in the evaluation of the empty
chamber uniformity.

Component and Load Mapping

Component and load mapping are not a part of gas sterilization because sampling systems
placed within the load items would alter gas and humidity. Evaluation of these factors is best
provided by passive biological indicators or process control devices placed within the load
items. Indicators or process control devices are placed within the items at locations believed to
be hardest for the gas and humidity to penetrate.

Biological Indicators

The biological indicator of choice for gas sterilization varies, as noted above. B. atrophaeus
(ATCC 9372) is used with EtO and chlorine dioxide, and ozone sterilization is monitored with G.
stearothermophilus (ATCC 12980 or 7953). D-values for the biological indicator can be used to
establish exposure periods for the sterilization process to ensure adequate process efficacy.

Process Confirmation and Microbiological Challenge
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The core of the validation activity is the confirmation of acceptable process parameters with
simultaneous physical and chemical measurement and microbial challenge. Sensors are placed in
the chamber, or biological indicators are positioned within the load items. Proof of cycle
efficacy is provided in replicate studies in which the biological indicators are killed and the
physical measurements correspond to the expected values.

ROUTINE PROCESS CONTROL

Gas sterilization is subject to formal controls that maintain a validated state over time. The

practices outlined in 1229  include the general requirements appropriate for all sterilization
systems. Sterilization is accomplished by a number of related practices that are essential for
continued use of the process over an extended period of time. The essential practices to
maintain validated status include calibration, physical measurements, physical integrators or
indicators, ongoing process control, change control, preventive maintenance, periodic re-
assessment, and training. When parametric release has not been established, biological
indicators positioned in the load are used for routine release of each sterilization load, along
with documentation from the sterilizer control system.
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BRIEFING

1229.8  Dry Heat Sterilization. The USP General Chapters—Microbiology Expert
Committee has proposed separating current general information chapter Sterilization and

Sterility Assurance of Compendial Articles 1211  into several individual chapters (1).

Proposed chapter 1229.8  addresses Dry Heat Sterilization.

Dry heat sterilization is a process employed for heat-stable items that are unsuited for
steam sterilization because of either an absence of water (nonaqueous liquids and powders) or
requirements for absolute dryness following processing (e.g., product contact parts for
nonaqueous products). Because dry heat relies on air for the transfer of heat to and from the
load items, the process takes longer than a steam process for a comparable load. The items

1S (USP37)
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can be stainless steel, glass, ceramic, or other heat-stable materials and may be wrapped or
covered with aluminum foil to protect them during pre- and postprocess handling. Dry heat
sterilization of heat-stable materials, e.g., petrolatum, is a commonly used method.

This chapter describes dry heat sterilization in the range of 160 –190  when the objective is
sterilization rather than depyrogenation. Dry heat depyrogenation will be covered separately in

Dry Heat Depyrogenation 1228.1 .

This proposed chapter provides an overview of dry heat sterilization and its validation.

(GCM: R.Tirumalai.)
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1229.8  DRY HEAT STERILIZATION

Dry heat sterilization is a process employed for heat-stable items that are unsuited for steam
sterilization because of either an absence of water (nonaqueous liquids and powders) or
requirements for absolute dryness following processing (product contact parts for nonaqueous
products). Because dry heat relies on air for the transfer of heat to and from the load items,
the process takes longer than a steam process for a comparable load. Lengthy heating and
cooling periods require that the load items be unaffected by heat over a long period of time and
also require the use of the overkill method for cycle development and validation. 

This chapter describes dry heat sterilization in the range of 160 –190  when the objective is
sterilization rather than depyrogenation. (Depyrogenation will be covered separately in Dry Heat

Depyrogenation 1228.1 ). In dry heat sterilization, hot air is in direct contact with the load
items (whether wrapped or unwrapped) and transfers some of its thermal energy. Unlike steam
sterilization, in dry heat sterilization there is no phase change of the heating medium, and thus
heat transfer is less efficient. The items can be stainless steel, glass, ceramic, or other heat-
stable materials and may be wrapped or covered with aluminum foil to protect them during pre-
and postprocess handling. Dry heat sterilization is commonly used for heat-stable materials
(e.g., petrolatum or powders). 
The limited heat transfer capacity of air requires that items in the oven be placed in locations
that were confirmed to be acceptable during the validation effort. Manufacturers should
exercise caution with varying load sizes because in some instances (resulting from system
design and control probe positioning) minimum load sizes may present a worst case.

STERILIZATION CYCLE CONTROL

Process equipment for dry heat sterilization is controlled by calibrated temperature sensors.
During the exposure portions of the cycle, attainment of a minimum dwell time at a predefined
temperature is used to document process lethality. Cycle efficacy for dry heat sterilization
customarily is measured using FH, which typically is defined as the amount of time the load

receives the equivalent of exposure at 170 . The FH approach is used to compare sterilization
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processes that operate at varying temperature conditions to a single standard. The process

lethality at temperatures other than 170  can be calculated to determine lethality equivalent to

that provided at 170 . Sterilizer control systems must deliver conditions within a predefined
time–temperature or FH range. Simple mathematics can be used to calculate the total lethality

over the course of the process. For the specific reference temperature of 170  and a z-value

(for definitions see Sterilization of Compendial Articles 1229 ) of 20 , the FH calculation can
be determined by the following equation:

FH = amount of time the load receives the equivalent of exposure 
t2 = end time 
t1 = start time 
T = temperature

Summing the instantaneous lethality contributions over the entire sterilization process allows
the calculation of the overall process lethality or FH delivered over the course of the entire
process at varying conditions.

VALIDATION OF DRY HEAT STERILIZATION

Because dry air has limited heat capacity and dry heat conditions are more variable than those
encountered with other thermal sterilization methods, analysts routinely validate their dry heat
sterilization procedures using the overkill method as defined in Sterilization of Compendial

Articles 1229 . 
Overkill sterilization can be defined as a method in which the destruction of a high
concentration of a resistant microorganism supports the destruction of reasonably anticipated
bioburden that could be present during routine processing. That objective can be demonstrated
by attaining any of the following: a defined minimum lethality; a defined set of method
conditions; or confirmation of minimum log reduction of a resistant biological indicator. 
The validation requirements for the overkill method are less onerous than those of the other
sterilization approaches. Because the load items can withstand substantial amounts of heat
without adverse consequence, the greater lethality provided by the overkill method clearly is
justifiable.

Equipment Qualification

Equipment qualification is a predefined program that focuses on the sterilizing equipment to
confirm that it has been properly installed and operates as intended before evaluation of the
sterilization process. In some companies, equipment qualification is separated into installation
qualification and operational qualification or is lumped together under a joint terminology of
installation/operational qualification. The major use of qualification of the sterilizing equipment is
to provide a baseline for preventive maintenance and change control, ensuring reproducibility of
operation over time.
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Empty Chamber Temperature Distribution

The equipment should be evaluated for empty chamber temperature distribution. The oven or
tunnel should be evaluated to determine the range of temperatures within the system, and the
cycle parameters should be determined to ensure adequate lethality across the expected load.
The acceptance criteria for empty chambers can vary with the equipment capabilities and
customary use, but it is typically less uniform than observed in steam sterilizers. Biological
indicators are not required during the evaluation of empty chamber temperature distribution.

Component Mapping

Load items that are complex and feature enclosed volumes and product contact surfaces
should be subjected to component mapping to determine internal cold spots. This is particularly
important in powder sterilization. For each load item, manufacturers should establish the ability
of heat to penetrate the items or containers and to bring them to the required temperature.
These studies can be performed in a laboratory setting and need not be repeated when the
same item is sterilized in other equipment. During component mapping load items should be
prepared and oriented in a manner that is consistent with how they will be processed.

Load Mapping

Fixed loading patterns for dry heat sterilization are essential because the limited heat capacity
of the air allows substantial temperature differences across the load. Load mapping ensures
that all load items attain the required temperature. Information from the load mapping is used
to adjust cycle timing to ensure appropriate lethality. System control must consider the
relationship between load position and size relative to temperature control locations. It may be
possible to validate maximum and minimum loads as determined by either the number of items or
their mass.

Biological Indicators

The biological indicator (BI) for dry heat sterilization is Bacillus atrophaeus (ATCC 9372), a
thermophilic spore-former with high resistance to dry heat. The spore challenge is placed on a
substrate positioned within the load or on a load item. If spores are used as intended by the BI
manufacturer, the resistance information provided by the vendor can be used. End users should
determine the population and resistance of organisms that typically are present on or in
inoculated items.

Heat Penetration and Microbiological Challenge

The core of the validation activity is the confirmation of acceptable heat penetration using
temperature measurements and microbial challenges. Thermocouples and BIs are placed within
the load items at the locations determined during the component mapping to present the worst
case. When identical items are sterilized the worst-case locations from the load mapping should
be evaluated. Proof of cycle efficacy is provided by replicate studies in which the BIs are killed
and the physical measurements correspond to the expected values of time–temperature or FH.
If the microbial and physical measurements do not correlate, manufacturers should conduct an
investigation and should take corrective action to rectify the discrepancy. This study
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customarily is performed using worst-case conditions where the exposure time or temperature
is reduced slightly from the routine set points.

ROUTINE PROCESS CONTROL

As with all sterilization processes, after the dry heat sterilization process has been validated, it
must be subject to formalized controls that keep it in a validated state over time. General

chapter Sterilization of Compendial Articles 1229  details the general practices that are
appropriate for all sterilization systems. This is accomplished by a number of related practices
that are essential for the continued use of the process over an extended period of time. The
essential practices to maintain validated status include calibration, physical measurements,
physical integrators and indicators, ongoing process control, change control, preventive
maintenance, and periodic reassessment and training.

REFERENCE
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BRIEFING

1285  Preparation of Biological Specimens for Histologic and
Immunohistochemical Analysis. Histology and immunohistochemistry are commonly used to
visualize and characterize the cellular contents, extracellular matrix, and biochemical
constituents of tissues and tissue-based therapeutic products. The purpose of this new
informational chapter is to describe best practices for preparing tissue samples and to identify
factors that should be controlled to ensure the consistency of subsequent staining. This new
chapter is accompanied by another new chapter, Hematoxylin and Eosin Staining of Sectioned

Tissue for Microscopic Examination 1285.1 , that can be used in combination with this
chapter.
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1285  PREPARATION OF BIOLOGICAL SPECIMENS FOR HISTOLOGIC AND
IMMUNOHISTOCHEMICAL ANALYSIS

INTRODUCTION

Histology and immunohistochemistry (IHC) are commonly used to visualize the cellular and
biochemical constituents of tissues. Whether the attributes to be probed are detected based
on chemical reactivities (histochemistry) or are detected using antibodies (IHC) or lectins with
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known specificities, the preparation of the specimen for staining is a critical phase of the
analysis. Preparation typically involves (1) tissue fixation, (2) mounting the tissue in an
embedding medium to permit sectioning that is sufficiently thin for the tissue to be viewed
microscopically, and then (3) removal of any embedding medium before histochemical or IHC
evaluation. 
The purpose of this chapter is to identify factors that should be controlled to optimize the
consistency of tissue staining results. The following sections address tissue fixation used to
prevent degradation and to prepare the tissue for sectioning and staining. Since these methods
are often used to characterize tissue-based therapeutic products and the adequacy of their
process methods, USP sometimes includes visual tools to support those product monographs.
USP Authentic Visual References (AVRs) are often histology images that have been prepared as
described in this chapter and are used as reference standards associated with product
monographs. The purpose of histologic analysis is to generate visual images that can be used
either for illustration or as a visual reference. When used as AVRs, the image set should include
representative images of both failed and passing samples at different magnifications. AVRs can
be used to better clarify specifications and acceptance criteria related to, for example, cell
content, collagen structure, or integrity.

BASIC PRINCIPLES

The sample tissue must be properly and adequately treated or fixed to limit changes to the
extracellular matrix elements or to specific constituents such as cells or proteins. Tissue
fixation typically employs a chemical that can rapidly permeate the tissue to effectively cross-
link proteins and limit degradation caused by either chemical or enzymatic action. Standard
fixation methods typically use 10% neutral buffered histological-grade formalin and are
adequate for most, if not all, histochemical analyses. Formalin fixation provides material suitable
for IHC analysis provided that proper attention is paid to postfixation treatments (collectively
known as antigen retrieval). Once tissue is properly fixed, it can be embedded. 
The tissue is embedded in a medium that is sufficiently stiff to maintain sample geometry and
the desired orientation for sectioning but is soft enough to be easily and rapidly cut through
without distortion. The most common medium used is paraffin, although it is not suitable for
nondecalcified hard tissues and other stiff materials (e.g., hard polymers or metals). Because
paraffin is not water soluble, tissue generally is passed through a graded series of increasing
concentrations of ethanol and finally into xylene (or a suitable substitute) in which the paraffin
wax is soluble. Sufficient time is allowed for the paraffin to permeate the tissue, and then the
block is sectioned to the desired thickness. Hard tissues commonly are embedded in hard
plastics such as poly(methyl methacrylate). 
After sectioning, the samples are floated on warm water with or without gelatin so they can be
transferred to microscope slides. If the sections are to be used for IHC, it is recommended that
gelatin not be used in the water because it can contribute significantly to background staining.
Positively charged slides also are recommended to aid in sample retention throughout the IHC
processing regime. The sections are allowed to dry in air, in a slide warmer, or in an oven at no

more than 50 . Because most histochemical and IHC procedures are carried out under aqueous
conditions, the paraffin within the mounted tissue sections must be removed. This is
accomplished by reversing the xylene and alcohol rinses until the samples are rinsed in water
immediately before staining. 
The mounted sections are now ready for histochemical staining. If an immunological staining
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method is to be used, in most cases an antigen retrieval step will be necessary to break the
protein cross-links formed by formalin fixation. Many procedures are available to accomplish
this, and although heat treatment in acid vapor appears to be effective in recovering the
reactivity of most targets in tissues, the ultimate choice may depend on the characteristics of
the target to be evaluated.

PROCEDURES—POINTS TO CONSIDER

Fixation

The most common fixatives are aldehydes, alcohols, and oxidizing agents. Each has advantages
and disadvantages depending on the particular purpose (see Table 1).

Table 1. Attributes of Common Tissue Fixatives

Fixative
Name

Mechanism Advantages Disadvantages Notes

Formaldehyde
(e.g., 10%
neutral buffered
formalin)

Cross-links
protein

Minimal
alteration of
protein
structure and
antigenicity;
good
penetration

Buffered version is
preferred to
counteract
oxidation of
formaldehyde to
formic acid, which
tends to cause a
brown artifact.

Unbuffered precipitates
can form, and will be
acidic (pH 3–4.6).

Glutaraldehyde
(e.g., 0.25%–
4%)

Cross-links
protein

Morphology
suitable for
electron
microscopy

Deforms -helix
structure of
protein, so not
good for IHC; slow
penetration

Use with 2–3 µm thick
sections. Opens
structures such as blood
vessels to improve
access to all tissue
surfaces and to prevent
opposing surfaces from
bonding to each other

Alcohols (e.g.,
methanol or
ethanol)

Denature
proteins

Best applied to
cytologic
smears; good
penetration

Can cause tissue
hardness and
brittleness, making
sectioning difficult  

Permanganates,
dichromates, or
osmium
tetroxide

Oxidizing
agents that
cross-link
proteins

Fixation of
cytoplasm
without
precipitation;
fixation of lipids,
especially
phospholipids

Causes substantial
denaturation;
uncommon  

Picrates

Oxidizing
agents that
cross-link
proteins

Good retention
of nuclear
structure with
limited tissue
hardening

Explosion hazard;
causes cell
shrinkage  

Tissue that is not appropriately fixed will not embed and section well, and subsequently will not
stain well. Adequate fixation time is of primary importance in quality assurance. Fixatives
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usually are delivered at a 15:1 to 20:1 ratio of fixative volume to tissue mass. Alternatively,
multiple changes of fixative can be used with agitation. It is important to expose tissues to
fixatives for a sufficient time, making sure that the sample does not dry before or during this
process. Even small tissue pieces may require 12–24 h of exposure time. Tissue handling also is
important because areas that are physically gripped may not be fixed as rapidly as areas that
are not gripped. 
Typical concentrations for some fixatives are shown in Table 1. Note that if fixation
concentrations are too high or if fixation time is too long, structural artifacts can form. The
fixation temperature can be increased somewhat but not to the extent that will cause protein
denaturation. 
Buffers also are important for high-quality fixation. A pH range of 6–8 usually is best because it
will most likely maintain the native tissue structure. Buffering must be sufficient to overcome
acidification caused by hypoxia and to prevent black deposits of formalin–heme.

Tissue Processing

DEHYDRATION

Once the tissue is properly fixed, it is ready for dehydration and the embedding process. The
most common dehydrants are alcohols, but sometimes acetone is used because it rapidly fixes
the tissue (although it is a fire hazard). Tissues may be physically damaged if they are
insufficiently dehydrated, often because of water contamination of ethanol wash solutions.
After dehydration, the tissue is placed in a clearing agent before embedding. Some common
clearing agents are the following: xylene, toluene, chloroform, methyl salicylate, limonene (a
volatile oil found in citrus peels), or some commercial xylene substitutes.1

EMBEDDING

Depending on the tissue type and subsequent staining protocol, there are several embedding
and mounting-media options. Paraffin is most commonly used to embed tissues. Its density is
similar to that of most tissues, which facilitates sectioning, and multiple paraffin types with
different melting points and hardness can be evaluated if tissue sections do not cut smoothly.
If very thin sections are needed or if harder tissues (e.g., bone) will be embedded, plastics are
good options (e.g., methacrylate, glycol methacrylate, araldite resin, or epon). Once the
mounting medium is selected, the specimen should be carefully aligned and oriented in the
medium relative to the desired cutting plane. Tissues that are properly fixed and embedded, if
stored appropriately, can stay in this form indefinitely before staining. 
Tissues can be embedded manually or with automated systems. Some embedding systems have
a chamber for keeping molds and samples hot and ready for embedding. They also may have a
separate chamber to melt paraffin, an attached dispenser for pouring paraffin into embedding
molds, and a separate cold plate to cool the recently embedded tissues. Both manual and
automated station methods are essentially the same and are well accepted as tissue
embedding methods. The only difference is that the latter are semi-automated so that the
system is operational within an hour or less (i.e., paraffin is melted, heating chambers are
warmed, and the cold plate is cooled). Manual methods are somewhat slower. Regardless of the
system used, the integrity of the histological section must not be compromised.

SECTIONING
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When tissue blocks are ready for staining, sections are cut with a sharp knife or disposable
blades. Paraffin-embedded tissue sections typically are 4–8 µm thick, but plastic-embedded
tissues usually are 2 µm thick. The tissue sections are placed on slides and can be stored in
this state. The slides are cleared again (to dissolve the paraffin) and are rehydrated before
staining or IHC. In all cases analysts should be aware of the importance of each step in order
to avoid producing artifacts (e.g., fixation-related shrinkage or nicks, folds, or tears in the
tissue sections caused by improper microtome work or a knife that is too dull). Once the
staining procedure is complete, analysts should apply sufficient mounting medium over the
tissue sections in order to avoid entrapment of air bubbles when a cover slip is applied.

Example Protocol

The following is an example of a fixation, paraffin-embedding, and processing method that is
commonly used before hematoxylin and eosin (H&E) staining to study the effectiveness of
tissue decellularization processes.

Fixation solution: 0.1 M sodium phosphate, pH 7, containing 10% formalin

Paraffin: Melt paraffin at 60  for 3 h before analysis. [Note—For proper infiltration and success
in later steps, it is best to keep the Paraffin fresh (free of clearing agent) with frequent

changes of paraffin (at least two changes). The temperature of the Paraffin must be NMT 2 –4

 above its melting point; otherwise, the tissues exposed to overheated Paraffin will
overharden.]

Paraffin solution 1: Paraffin and xylene (1:3) or a xylene substitute2

Paraffin solution 2: Paraffin and xylene (1:1) or a xylene substitute

Paraffin solution 3: Paraffin and xylene (3:1) or a xylene substitute

Fixation and dehydration, clearing, and paraffin infiltration of the tissue (DCI): Place
each tissue sample (NMT 1 cm3) in Fixation solution for a minimum of 6–8 h. The volume of
Fixation solution should be NLT 15–20 times the volume of the tissue sample. [Note—When
processing bone samples, thoroughly fix before decalcification and DCI. In this case, after
fixation, rinse the sample with Purified Water, and place in a rapid decalcifier solution3 for the
recommended time. After decalcification, rinse the bone samples with Purified Water again, and
place them back in the Fixation solution.] Place each tissue sample in an embedding cassette,
and label the cassette with a pencil or histology pen. Place cassettes in the following series of
solutions for 30 min each: 2 changes of 70% ethanol, 2 changes of 95% ethanol, and 3
changes of 100% ethanol. [Note—An optional approach is to transfer cassettes directly from

100% ethanol to 100% xylene for 3 changes. Place cassettes in Paraffin heated to 2 –4  above
its melting point for 1–3 changes for NLT 90 min and NMT 180 min. Exposure to prolonged heat
causes shrinkage and hardening of tissues. Avoid overnight treatment.] Next, place cassettes

in the following series of solutions for 60 min each at 60 : Paraffin solution 1, Paraffin solution
2, and Paraffin solution 3.

Tissue embedding: [Note—This example is a manual method, but an automated embedding
method can be substituted.] Move the container with the cassettes described above from the
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incubator into a 60  water bath to prevent the infiltrated paraffin from solidifying during the
embedding procedure. [Note—For easier release later from the embedding molds, molds can be
sprayed with a diluted mold-release concentrate.] Place a small amount of Paraffin into a room-
temperature base mold. Using forceps, remove a tissue-containing cassette from the liquid
Paraffin, and position the tissue section with the desired orientation in the mold before the
Paraffin solidifies. [Note—If it is not positioned properly, the tissue sample can be placed back
into the tissue cassette containing the liquid Paraffin, and then a new mold can be prepared
and tissue positioning can be attempted again.] Once the tissue is in place, place the labeled
portion of the tissue cassette onto the base mold, and add Paraffin to a level just below the lip
of the cassette. Place the cassette mold assembly onto a frozen cold plate. When the Paraffin
begins to solidify on top, transfer the assembly to an ice bath until the entire block is solidified
(about 20 min). Once the Paraffin is solidified, carefully separate the base mold from embedded

tissue without using excessive force. Store blocks at 4  until needed for sectioning. Blocks can
be sectioned immediately, but it is advisable to wait at least 24 h for best results.

Sectioning paraffin-embedded tissue: Using an appropriate marker, label glass slides with a
tissue-sample identifier. Select an embedded tissue block, and trim any excess wax remaining
around the edges of the block. Fill a flotation bath with Purified Water, with or without gelatin

(histology samples only), and warm to 36 –46 . Carefully place a new microtome blade into the
blade holder. Ensure that the blade is locked into place. If available, select the manual or
motorized mode of the microtome. Place the tissue block in the microtome cassette holder, and
adjust its orientation using the adjusting screws until the block is correctly positioned vertically
and horizontally in relation to the blade. Select the trim setting. [Note—The trim cut usually is
set to 15–16 µm, but this can be increased if a large amount of trimming is necessary, or can
be decreased if only a small amount of tissue is present in the block. In addition, blocks can be
refrigerated or placed on ice before sectioning to keep them cool and firm.] Advance the block
forward to the desired position. Once the block is positioned, start trimming or “facing” the
block. After the tissue is visible in the sections, set an appropriate sectioning depth and begin
collecting tissue sections. [Note—Routine H&E sections should be cut at approximately 6 µm,
but the section thickness can be adjusted between 4 and 8 µm as necessary if there is
difficulty obtaining good-quality sections.] Using forceps, transfer the sections to the tissue
flotation bath. Gently place the ribbon of sections onto the water surface while gently pulling
to eliminate any wrinkles from the ribbon. [Note—If the water in the flotation bath becomes too
hot, the tissue sections will fragment. If this occurs, decrease the heat setting on the bath,
and allow the water to cool before proceeding.] Next, separate one or two adjacent, intact, full
sections from the ribbon with a sharp dissecting probe or forceps. Using a glass slide placed at

approximately a 45  angle beneath the section, lift the sections onto the slide. Gently tap off
the excess water, and allow the sample to dry. As needed, repeat the sectioning process for
additional samples. After all slides have been prepared and before staining, allow the slides to
air-dry for NLT 15 min or until no water droplets are visible. Remove the wax blocks from the
microtome, and store appropriately.

Deparaffinization and rehydration of histological slides: Before staining, place slides with
mounted tissue specimens in either Coplin jars, reagent buckets, or staining racks. Place slides
in the following solutions for at least 3 min each: 3 changes of xylene (or a xylene substitute),
then 100% ethanol, then 95% ethanol, then 70% ethanol, then 2 changes of Purified Water.
Proceed with the desired staining procedure. [Note—Slides can be left in the water for several
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hours but then must be stained.]

METHOD DEVELOPMENT AND VALIDATION: POINTS TO CONSIDER

Histological methods sometimes are used to demonstrate that cells within a tissue sample are
still viable (e.g., when evaluating a cryopreservation method's performance). In other
circumstances, the method is used to evaluate the absence of viable cells following a
decellularization process. Each case presents specific validation challenges. 
H&E staining provides a useful tool for determining whether significant quantities of cells are still
viable after preservation. During method validation, immunohistological stains can be used to
ensure that specific cell types are still present in the preserved samples. Testing samples for all
expected cell types during the validation phase provides support for the less specific H&E
staining (that will stain all cells and not just specific cell types) during routine monitoring. 
When validating any histological method, analysts should demonstrate that different observers
can detect the same quality (or quantity) of an object, tissue type, cell body, nucleus, etc.,
and that the characterization by different observers can be replicated in several specimens
following the same process. Samples for evaluation may consist of multiple types of cells,
extracellular matrix proteins, and glycosaminoglycans, or other components. Some of these
components may be resistant to decellularization processes or may be difficult to stain. During
assessment of method reproducibility, analysts should evaluate multiple samples throughout the
sample to ensure that they are representative of the types of materials expected to be found
in the matrix. In addition, because inadequate decellularization procedures may not remove all
cells throughout the material, it is important to take samples from multiple locations in the
tissue so that remaining cells are not underestimated. Intra-operator reproducibility also should
be a part of the assessment because the relatively weaker signal from fewer positively stained
cells may make visualization more challenging for some technicians. The method validation
should use samples that underwent worst-case decellularization processing conditions as
determined by statistical modeling to ensure that residual cells can still be identified and
quantified in these marginal samples. Finally, the validation of the method should include control
samples to confirm the suitability of the staining system (see Hematoxylin and Eosin Staining of

Sectioned Tissue for Microscopic Examination 1285.1 ). 
The histological assessment of decellularized tissue-based matrix products is one tool to
characterize the matrix but cannot be the sole indicator of product quality. On the one hand,
processing may generate decellularized matrix products that have no detectable cells but may
not possess other critical quality attributes. On the other hand, tissue matrix products
undergoing other decellularization processes may result in products with greatly reduced cellular
content (although some cells may remain) that retain the necessary performance
characteristics for that therapeutic purpose.

Sample Selection for the Analysis of a Decellularization Process

Samples cannot always be taken from a random location within the product. For example, it is
not practical to pull a sample from the center of a sheet of decellularized pericardium without
creating a defect that would make the end product undesirable. If routine sampling plans
require sampling from the edges or waste portion of a given matrix, analysts should conduct an
initial validation study that confirms that such a sample is representative of the whole. This is
important because the geometry of the matrix may affect the exposure of the matrix to the
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decellularization processing solutions. For example, if the tissue matrix is tubular, e.g., a nerve
segment, and a sample is taken from the end for histological assessment, then this sample will
have different exposure to solutions than a sample taken from the center of the nerve
segment. Thus, the sampling may not represent a worst-case assessment, and the suitability
of the sample should be determined by means of a validation study.

CONCLUSIONS

This chapter outlines common steps to prepare tissue or organ specimens for light microscopic
analysis following either staining or treatment with structure-specific probes. Each of these
steps can produce specimen artifacts that either interfere with the observation or actually
introduce structures that were not present in the original sample (e.g., certain well-known
chemical artifacts). Therefore, proper attention and consistent execution of each step are
critical factors in generating sections that reflect the character of the tissue and that stain in
a reproducible manner.

1  For example, C lear Rite, Pro Par C learant.

2  For example, C itriSolv, C lear Rite 3, Pro Par C learant, or equivalent.

3  For example, Decalcifying Solution, Richard-Allen.

BRIEFING

1285.1  Hematoxylin and Eosin Staining of Sectioned Tissue for Microscopic
Examination. Histologic methods are particularly useful for detecting trends in content (e.g.,
cell numbers or amounts of tissue constituents) and are valuable in the development and
verification of tissue processing methods intended to reduce or eliminate cellular content but to
maintain extracellular matrix structure and components. The purpose of this new general
information chapter is to provide best practices for hematoxylin and eosin (H&E) staining of
tissue samples. A common H&E staining procedure is also provided.
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1285.1  HEMATOXYLIN AND EOSIN STAINING OF SECTIONED TISSUE FOR
MICROSCOPIC EXAMINATION

INTRODUCTION

Histologic methods involve the preparation of organs, tissues, or cells for microscopic analysis
of constituent elements that have been exposed to particular chemistries or immunochemical
staining procedures. Histologic methods have many goals, and are often used to evaluate
native and processed therapeutic tissue-based products. For example, these methods can be
used to establish the integrity of the tissue with regard to cellular content and extracellular
constituents. Nuclear staining intensity and nuclear shape may be altered if tissue recovery or
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handling is compromised. Furthermore, extracellular structural and accessory components such
as collagen, elastin, and glycosaminoglycans can be specifically stained so their presence and
location can be determined. 
Histologic methods are particularly useful for detecting trends in content (e.g., cell numbers
and amounts of tissue constituents). Therefore, they have been valuable in the development
and verification of tissue-processing methods intended to reduce or eliminate cellular content
(decellularization detected by reduced nuclear staining, for example with hematoxylin) while
maintaining extracellular matrix structure and components (e.g., retention of
glycosaminoglycans or other carbohydrates assessed by persistence in Alcian blue staining). 
Tissue histologic analysis typically begins with a routine staining procedure using hematoxylin
and eosin (H&E) to detect cellular chromatin and cytoplasm and extracellular structures (e.g.,
collagen and muscle). Hematoxylin acts as a basic dye. In a metal complex it binds to acidic
structures such as cellular nucleic acids (DNA or RNA), producing the blue–purple stain typically
noted as nuclear staining. Additionally, in calcified tissues it forms a blue or purple precipitate.
Eosin acts as an acid dye and stains basic materials red (muscle) to pink (collagen). Eosin
staining is responsible for the detection of the cytoplasm and intracellular and extracellular
proteins, but it does not allow identification of specific intracellular structures or proteins. H&E
does not stain fat itself, but fatty areas can be identified by the staining of the stroma,
yielding an outline of adipocytes. 
H&E staining is often used to demonstrate the reduction of nuclei following tissue
decellularization processes, but H&E staining also provides structural information. H&E staining
reveals that Type I collagen fibrils have a particular arrangement and wave pattern depending
on the tissue observed and the orientation of the specimen. Altered collagen fibril patterns,
e.g., smearing and loss of fibrils, may suggest disruption of the native structure of the tissue.
Decellularization methods, which can alter the structural integrity of tissue, may reduce the
staining intensity of collagen. Alternatively, the staining intensity can be artificially increased if
residual charged processing chemicals remain in the tissues. H&E staining can help identify
noncollagen protein structures. For example, elastin fibers are not specifically stained by this
method, but thick elastin fibers such as the internal elastic lamina of arteries are easily
detected by their profound waviness and subintimal location shown by staining. A mineralized
matrix (e.g., in bone) can be seen as dark red to purple (depending on the hematoxylin choice)
granular staining within fields of structural protein fibers. 
H&E staining is a starting point for more detailed histologic analysis. Differential staining of
collagen (typically colored blue) is achieved with Masson Trichrome stain, and Verhoeff's Van
Gieson and Movat Pentachrome stains highlight elastin (black). The other major components of
connective tissues are the glycosaminoglycans, and these can be detected and to some extent
differentiated with various cationic dyes such as Alcian blue in Movat's Pentachrome stain, for
example. 
More detailed compositional analysis of tissues and observations of the effects of
decellularization methods require structure-specific probes. At the level of light microscopy, this
specificity is provided by immunohistochemical staining using antibodies to targeted structural
proteins and extracellular matrix constituents or by using labeled lectin probes to detect certain
sugar structures. The latter are of particular utility for evaluating the removal of important
xeno-antigenic epitopes. 
The purpose of this chapter is to identify the factors that should be controlled to optimize the
consistency of the results of tissue staining with H&E. In addition, the chapter provides a
common H&E staining procedure.
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BASIC PRINCIPLES

Hematoxylin is oxidized to hematein, which complexes with a metal cation, binds to negatively
charged groups, and stains basophilic substances such as nucleic acids. The most common
cation for this application is aluminum (III), but iron (III) and tungsten also are important.
Hematoxylin also stains calcium deposits. The most common metal used in hematoxylin staining
is aluminum, and the resulting stain produces a blue color. This aluminum salt form of
hematoxylin requires a pH >5 to form an insoluble blue aluminum hematein complex. The high pH
is obtained in a bluing step using a weak alkali solution such as ammonium water. Because
anionic materials often are used to process tissue (e.g., anionic detergents), these materials
should be removed from the tissue first, or nonspecific hematoxylin staining may be seen. 
Eosin is an acidic analine dye with affinity for cationic amino acids such as arginine and lysine in
proteins. Cytoplasm, muscle, connective tissue, colloid, red blood cells, and decalcified bone
matrix all stain pink to pink/orange/red with eosin. Eosin methods use solutions containing
various proportions of water, ethanol, and acetic acid. The uptake of eosin in cells is promoted
by higher eosin concentration, a higher proportion of water than ethanol, and the inclusion of
acetic acid.

PROCEDURES—POINTS TO CONSIDER

It is important to control the consistency and quality of the stain reagents and process. Each
new lot of stains should be qualified with known control specimens to ensure consistent
staining processes. Solution color should be monitored, and if colorless solutions become
colored they should be discarded (especially the alcohols and xylene). Staining solutions can
age, and their staining effectiveness changes over time. Thus analysts should establish or
assign a shelf life to critical staining reagents. Some reagents form precipitates or undergo
overt color changes over time. Best practices indicate that such solutions should be replaced.
Labeled expiration dates of commercial stains should be followed closely. If reagents are mixed
in the laboratory, analysts should monitor their performance over time using control specimens
to assess staining intensity and differentiation. Expiration dates should be added for each
laboratory reagent. Best practices require that to the extent possible samples to be compared
should be stained at the same time. To facilitate comparison, staining should be monitored and
corrected if necessary. Regressive staining can be performed if overstaining with hematoxylin
occurs. In this case, excess stain is removed with acid (e.g., 0.5% HCl in 70% ethanol) in a
step called differentiation. Excessive hematoxylin staining can block eosin staining. Ideally,
progressive staining, or real-time monitoring of the staining process to the desired intensity,
should occur. 
As with any tissue-staining method, H&E staining intensity may be affected by steps taken
before the staining procedure, the chemicals used, and the conduct of the staining itself.
Section thickness can affect the overall specimen depth and can influence the apparent stain.
Inadequate removal of paraffin wax can prevent interaction of the aqueous solutions of the
staining steps with the tissue. The color can be too strong if certain hematoxylin reagents are
not diluted before use, if the stain is applied for too long, if the differentiation step is too short,
or if the acid is too dilute. Weak staining can be the result of exhausted hematoxylin, short
staining time, overdifferentiation, or low pH during the bluing step.
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SYSTEM SUITABILITY

Control tissue should be used during each run to ensure that all the reagents are working
appropriately and the processing regime does not adversely affect staining. Untreated fresh
tissue makes a good positive control, because there are no processing reagents that could
affect the staining process. An appropriate negative control is an unstained sample from a
previous lot that met all the product quality criteria of the H&E analysis. Controls are important
because processing methodologies such as decellularization or cross-linking may positively or
negatively affect the ability of the reagents to stain the tissue as expected and can contribute
to lot-to-lot variability in staining intensity.

QUANTITATION

A physical count of positively stained cells in a given area (cells/mm2) is preferable to simply
comparing a sample to a previously submitted visual reference, particularly for products that
undergo a decellularization process that yields a greatly reduced (yet nonzero) number of
positively stained cells. Many, though not all, samples of tissues that have undergone a
process of cellular removal still have identifiable cellular debris after processing. It is difficult to
compare these nonzero samples to a visual reference, so a standardized count per area is a
better comparison of process effectiveness. 
Software-based automated cell-counting systems that are available on many microscopy
systems must be validated to confirm that the software appropriately counts cells and sample
area. When the tissue has not been decellularized, there should be a high value of positive
signals, and the system should be able to accurately differentiate that tissue from other
samples with low cell counts. Validation is important when analysts attempt to quantify the
number of cells in a given area on irregularly shaped samples because the algorithm used to
estimate areas may have limitations when applied to these types of samples. Sample area
should be measured accurately when there is a low cell count, because a large error in the
denominator can cause a significant error in the reported cell density.

EXAMPLE PROTOCOL

A common H&E method is described below. Analysts can follow this example after preparing and
deparaffinizing tissue sample slides as described in Preparation of Biological Specimens for

Histologic and Immunohistochemical Analysis 1285 . This protocol is commonly used to study
the effectiveness of tissue decellularization.

Bluing reagent: 3 mL of 28% ammonium hydroxide in 1 L of Purified water

Staining method: After deparaffinizing tissue-containing slides, place the slides in a
hematoxylin solution1 for 1.5–3 min. [Note—Staining times can vary depending on hematoxylin
brands (and type) and the tissues being stained, so optimization of staining time is required in
this step. For this reason, laboratories should track the reagent sources to ensure
consistency.] Rinse slides under running tap water for 0.5–3 min. If necessary, perform a
differentiation step to remove excess stain so the desired element or structure is left stained

PF 39(3): May-Jun. 2013 136



by placing the slide in a clarifying solution2 for 30–60 s followed by rinsing in tap water for 30–
60 s. Next, place slides in Bluing reagent for 1–2 min. Dip slides 12 times in Purified water. Rinse
thoroughly in tap water for 0.5–2 min to remove the Bluing agent. [Note—Insufficient rinsing
affects subsequent staining because of a change in pH.] Next, place the slides in the following
solutions for the specified times: 95% ethanol for 30 s to 1 min [Note—The time will vary
depending on eosin type and components.] then place the slides in eosin solution3 for 45 s to 3
min, 70% ethanol for 3 min, 95% ethanol for 3 min, and finally 100% ethanol for 3 min. [Note
—Alcohol washing must be closely monitored to avoid excessive removal of eosin stain.
Excessive removal of eosin from the extracellular matrix can be seen as pale pink staining.]
Place slides in three changes of fresh xylene or xylene substitute for 1–3 min each. Place a
couple drops of mounting medium on the slide, and apply the cover slip.

Expected results: Nuclei should be stained blue. Cartilage and calcium deposits should stain
various shades of blue. Cytoplasm and other tissue constituents stain various shades of pink.
Erythrocytes and eosinophilic granules stain bright pink to red.

CONCLUSIONS

It is critically important to test and verify staining conditions for each new tissue being studied.
Staining intensity may be altered by tissue treatment before processing. A notable example is
the treatment of tissues to decellularize or antigenically modify them, because these
procedures may affect tissue components and may alter the staining of the remaining
constituents.

1  Richard Allan Scientific #7231 or suitable equivalent.

2  C larifier 2 from Richard Allan Scientific or suitable equivalent.

3  Richard Allan Scientific #7111 or suitable equivalent.

BRIEFING

2040  Disintegration and Dissolution of Dietary Supplements, USP 36 page 1111. It is
proposed to eliminate Buccal Tablets and Sublingual Tablets from the Disintegration Procedure
because these dosage forms are not intended for ingestion and therefore, by FDA definition,
are not considered dietary supplement dosage forms.

(GCDF: N. Davydova.)
Correspondence Number— C129257

Comment deadline: July 31, 2013

2040  DISINTEGRATION AND DISSOLUTION OF DIETARY SUPPLEMENTS

Change to read:

INTRODUCTION

This general chapter is provided to determine compliance with the disintegration and dissolution
standards for dietary supplements where stated in the individual monographs. 
For the purposes of this chapter, dietary supplement dosage forms have been divided into three

1S (USP37)
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categories: Vitamin–Mineral Dosage Forms, Botanical Dosage Forms, and Dietary Supplements
Other Than Vitamin–Mineral and Botanical Dosage Forms. Vitamin–Mineral Dosage Forms
includes articles prepared with vitamins, minerals, or combinations of these dietary ingredients,
as described in Table 1.

Botanical Dosage Forms comprises formulations containing ingredients of botanical origin,
including plant materials and extracts. Dietary Supplements Other Than Vitamin–Mineral and
Botanical Dosage Forms encompasses dietary supplements formulated with lawfully recognized
dietary ingredients that are different from those pertaining to the two foregoing categories
(e.g., amino acids, chondroitin, and glucosamine.) 
Where a dietary supplement represents a combination of the categories mentioned above, and
there is a difference between the requirements for the individual categories, the more stringent
requirement applies.
[Note—“More stringent requirement” means stricter acceptance criteria and/or milder

operational conditions.]

Disintegration and dissolution tests as described in this chapter are quality-control tools to
assess performance characteristics of dietary supplement finished dosage forms. These
performance standards are intended to detect problems that may arise due to use or misuse, or
changes in coatings, lubricants, disintegrants, and other components. These performance tests
are also intended to detect manufacturing process issues such as over-compression and over-
drying that would affect the release characteristics of the final dosage forms. These tests are
not intended to be used as a demonstration or as a surrogate for in vivo absorption,
bioavailability, or effectiveness, unless an in vitro–in vivo correlation (IVIVC) has been
established.

Change to read:

DISINTEGRATION

This test is provided to determine whether dietary supplement tablets or capsules disintegrate
within the prescribed time when placed in a liquid medium at the experimental conditions
presented below. Compliance with the limits on Disintegration stated in the individual
monographs for dietary supplements is required except where the label states that the
products are intended for use as troches, are to be chewed, or are designed as extended-
release dosage forms. Dietary supplements claiming to be extended-release dosage forms must
comply with standards other than disintegration to verify that the release of the dietary
ingredients from the dosage form is for a defined period of time. Dietary supplements claiming to
be extended-release dosage forms shall not be labeled as in compliance with USP unless a USP
monograph exists for such product. Determine the type of units under test from the labeling
and from observation, and apply the appropriate procedure to 6 or more units. 
For purposes of this test, disintegration does not imply complete solution of the unit or even of
its active constituent. Complete disintegration is defined as that state in which any residue of
the unit, except fragments of insoluble coating or capsule shell, remaining on the screen of the
test apparatus or adhering to the lower surface of the disk, if used, is a soft mass having no
palpably firm core.

Apparatus

USP36

USP36

PF 39(3): May-Jun. 2013 138



Apparatus A: Use the Apparatus described under Disintegration 701  for tablets or capsules
that are NMT 18 mm long. For larger tablets or capsules, use Apparatus B.

Apparatus B: The apparatus1 consists of a basket-rack assembly, a 1000-mL low-form beaker

for the immersion fluid, a thermostatic arrangement for heating the fluid between 35  and 39 ,
and a device for raising and lowering the basket in the immersion fluid at a constant frequency
rate between 29 and 32 cycles/min through a distance of 53–57 mm. The volume of the fluid in
the vessel is such that at the highest point of the upward stroke the wire mesh remains at
least 15 mm below the surface of the fluid and descends to NLT 25 mm from the bottom of the
vessel on the downward stroke. At no time should the top of the basket-rack assembly become
submerged. The time required for the upward stroke is equal to the time required for the
downward stroke, and the change in stroke direction is a smooth transition rather than an
abrupt reversal of motion. The basket-rack assembly moves vertically along its axis. There is no
appreciable horizontal motion or movement of the axis from the vertical.

Basket-rack assembly: The basket-rack assembly (see Figure 1) consists of three open-ended
transparent tubes, each 77.5 ± 2.5 mm long and having an inside diameter of 32.0–34.6 mm
and a wall 2.0–3.0 mm thick; the tubes are held in a vertical position by two plastic plates,
each 97 ± 2 mm in diameter and 7.5–10.5 mm in thickness, with three holes, 36.0–40.6 mm in
diameter, equidistant from the center of the plate and equally spaced from one another.
Attached to the undersurface of the lower plate is 10-mesh No. 23 (0.025-inch) W. and M.
gauge woven stainless-steel wire cloth having a plain square weave. The parts of the
apparatus are assembled and rigidly held by means of three bolts passing through the two
plastic plates. A suitable means is provided to suspend the basket-rack assembly from the
raising and lowering device, using a point on its axis. 
The design of the basket-rack assembly may be varied somewhat, provided that the
specifications for the glass tubes and the screen mesh size are maintained.

Beaker: Low form, 1000 mL; the difference between the diameter of the plastic plates, which
hold the tubes in a vertical position, and the inside diameter of the beaker should be NMT 6
mm.2

Disks: Each tube is provided with a perforated cylindrical disk 15.3 ± 0.15 mm thick and 31.4 ±
0.13 mm in diameter. The disk is made of a suitable, transparent plastic material having a
specific gravity of between 1.18 and 1.20. Seven holes 3.15 ± 0.1-mm
in diameter

extend between the ends of the cylinder,
one of the holes being in the center and the other six parallel with it and spaced equally

tangent to a circle with a radius of 4.2-mm from the center of the disc.
All surfaces of the disk are smooth.3
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Figure 1. Basket-rack assembly, Disintegration, Apparatus B (dimensions in mm).

Procedure

Test 6 dosage forms as described below for each dosage type. [Note—Two basket
arrangements for a total of 6 tubes are necessary for Apparatus B.] If 1 or 2 dosage forms fail
to disintegrate completely, repeat the test on 12 additional dosage forms.

Uncoated tablets: Place 1 tablet in each of the tubes of the basket and, if prescribed, add a
disk to each tube. Operate the apparatus, using water or the specified medium as the

immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the basket from the fluid, and
observe the tablets.

Plain coated tablets: Place 1 tablet in each of the tubes of the basket and, if the tablet has a
soluble external sugar coating, immerse the basket in water at room temperature for 5 min.
Then, if prescribed, add a disk to each tube, and operate the apparatus, using water or the

specified medium as the immersion fluid, maintained at 37 ± 2 . At the end of 30 min, lift the
basket from the fluid, and observe the tablets.

Delayed-release (enteric-coated) tablets:
Omit the use of a disk.

Place 1 tablet in each of the 6 tubes of the basket, and if the tablet has a soluble external
sugar coating, immerse the basket in water at room temperature for 5 min. Then operate the

apparatus using simulated gastric fluid TS maintained at 37 ± 2  as the immersion fluid. After 1
h of operation in simulated gastric fluid TS, lift the basket from the fluid, and observe the
tablets: the tablets show no evidence of disintegration, cracking, or softening. Operate the

apparatus, using simulated intestinal fluid TS, maintained at 37 ± 2 , as the immersion fluid for
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the time specified in the monograph. Lift the basket from the fluid, and observe the tablets.

Delayed-release (enteric-coated) soft shell capsules: Place 1 softgel capsule in each of
the 6 tubes of the basket.

Omit the use of a disk. Operate the apparatus using simulated gastric fluid TS maintained at 37

± 2  as the immersion fluid. After 1 h of operation in simulated gastric fluid TS, lift the basket
from the fluid and observe the softgels: the softgels show no evidence of disintegration or
rupture permitting the escape of the contents. Operate the apparatus with disks, using

simulated intestinal fluid TS, maintained at 37 ± 2 , as the immersion fluid
for NMT 60 min.

Lift the basket from the fluid, and observe the capsules.

Buccal Tablets: Apply the test for Uncoated Tablets. After 4 h, lift the basket from the fluid,
and observe the tablets.

Sublingual Tablets: Apply the test for Uncoated Tablets. At the end of the time limit specified
in the individual monograph,
observe the tablets.

Hard shell capsules: Apply the test for Uncoated tablets, using as the immersion fluid,

maintained at 37 ± 2 , a 0.05 M acetate buffer prepared by mixing 2.99 g of sodium acetate
trihydrate and 1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution with a pH
of 4.50 ± 0.05. Attach a removable wire cloth, as described in Basket-rack assembly, to the
surface of the upper plate of the basket-rack assembly. At the end of 30 min, lift the basket
from the fluid, and observe the capsules.

Soft shell capsules: Proceed as directed in Rupture Test for Soft Shell Capsules.

Use of Disks

Vitamin–mineral dosage forms: Add a disk to each tube unless otherwise specified
in the Procedure above or

in the individual monograph.

Botanical dosage forms: Omit the use of disks unless otherwise specified
in the Procedure above or

in the individual monograph.

Dietary supplements other than vitamin–mineral and botanical dosage forms: Omit the
use of disks unless otherwise specified
above or

in the individual monograph.

Tolerances
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All of the 6 dosage forms initially tested or NLT 16 of a total of 18 dosage forms tested
disintegrate completely.

RUPTURE TEST FOR SOFT SHELL CAPSULES

Medium: Water; 500 mL

Apparatus: Use Apparatus 2 as described in Dissolution 711 , operating at 50 rpm.

Time: 15 min

Procedure: Place 1 capsule in each vessel, and allow the capsule to sink to the bottom of the
vessel before starting rotation of the blade. Use sinkers if the capsules float. Observe the
capsules, and record the time taken for each capsule shell to rupture.

Tolerances: The requirements are met if all of the capsules tested rupture in NMT 15 min. If 1
or 2 of the capsules rupture in more than 15 but NMT 30 min, repeat the test on 12 additional
capsules: NMT 2 of the total of 18 capsules tested rupture in more than 15 but NMT 30 min.
For soft gelatin capsules that do not conform to the above rupture test acceptance criteria,
repeat the test with the addition of purified pepsin to the Medium that results in an activity of
750,000 Units or less per 1000 mL.

Change to read:

DISSOLUTION

This test is provided to determine compliance with the Dissolution requirements where stated in
the individual monograph for dietary supplements, except where the label states that tablets
are to be chewed.
The operative assumption inherent in this test is that if the index vitamin or mineral or marker

compound(s) for a botanical is dissolved within the time frame and under conditions specified,
the dosage form does not suffer from formulation or manufacturing-related problems affecting
the adequate release of the active ingredients.

Apparatus

See 711  for description of apparatus used, Apparatus Suitability Test, and other related
information. 

Figure 2 shows the schematic view of a flow-through cell
(USP Apparatus 4) specifically intended for dissolution of lipid-filled soft shell capsules.

The lower part (1) is made up of two adjacent chambers connected to an overflow device. The
dissolution medium passes through chamber A and is subjected to an upward flow. The flow in
chamber B is directed downward to a small-size bore exit that leads upward to a filter
assembly. The middle part (2) of the cell has a cavity designed to collect lipophilic excipients
that float on the dissolution medium. A metal grid serves as a rough filter. The upper part (3)
holds a filter unit for paper, glass fiber, or cellulose filters.
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Figure 2. Flow-through cell designed for lipid-filled soft gelatin capsules (dimensions in mm).

Of the types of apparatus described in 711 , use the one specified in the individual
monograph. 
For hard or soft gelatin capsules and gelatin-coated tablets that do not conform to the
dissolution specification, repeat the test as follows. Where water or a medium with a pH of less
than 6.8 is specified as the Medium in the individual monograph, the same Medium specified
may be used with the addition of purified pepsin that results in an activity of 750,000 Units or
less per 1000 mL. For media with a pH of 6.8 or greater, pancreatin can be added to produce
NMT 1750 USP Units of protease activity per 1000 mL. 

Vitamin–Mineral Dosage Forms

All dietary supplement tablets or capsules containing folic acid are subject to the dissolution
test and criteria described for folic acid in this chapter. This test is required because of the
importance of the relationship between folate deficiency and the risk of neural tube defects.
Dietary supplements tablets or capsules containing water-soluble vitamins, minerals, or their
combination are subject to the dissolution test and criteria for index vitamins, index minerals, or
both described in this chapter. Dietary supplement tablet and hard shell capsule with solid
contents dosage forms containing vitamin A are subject to the dissolution test and criteria
described for vitamin A in this chapter. Dissolution standards were not established and
therefore are not applicable to vitamin A in dietary supplement soft shell capsules filled with
liquids. Table 1 summarizes the dissolution requirements for the assigned USP classes of dietary
supplements. Vitamin–mineral combinations that don't belong to any of the USP classes listed in
the Table 1 are subject to the dissolution test and criteria specified in the individual
monographs.

Table 1. Dietary Supplements—Vitamin–Mineral Dosage Forms

USP
Class Ingredients

Dissolution 
Requirement 

for Tablets and Hard
Shell 

Capsules
With Solid Contents

Dissolution 
Requirement

for Soft Shell Capsules
Filled With Liquids

I
Oil-Soluble 
Vitamins Vitamin A (if present) Not applicable
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II
Water-Soluble 
Vitamins

One index water-soluble
vitamin and folic acid (if
present)

One index water-soluble
vitamin and folic acid (if
present)

III
Water-Soluble 
Vitamins with Minerals

One index water-soluble
vitamin, one index 
element, and folic acid (if
present)

One index water-soluble
vitamin, one index 
element, and folic acid (if
present)

IV
Oil- and Water-Soluble
Vitamins

Vitamin A (if present), one 
index water-soluble 
vitamin, and folic acid (if
present)

One index water-soluble
vitamin and folic acid (if
present)

V
Oil- and Water-Soluble
Vitamins with Minerals

Vitamin A (if present), one 
index water-soluble 
vitamin, one index element,
and folic acid (if present)

One index water-soluble
vitamin, one index 
element, and folic acid (if
present)

VI Minerals One index element One index element

VII
Oil-Soluble 
Vitamins with Minerals

Vitamin A (if present) and one
index element One index element

SELECTION OF INDEX
WATER-SOLUBLE

VITAMINS AND INDEX ELEMENTS

Compliance with the dissolution requirements for dietary supplements representing combinations
of water-soluble vitamins (Water-Soluble Vitamins Capsules and Water-Soluble Vitamins
Tablets) and combinations of oil- and water-soluble vitamins (Oil- and Water-Soluble Vitamins
Capsules and Oil- and Water-Soluble Vitamins Tablets) is determined by measuring the
dissolution of a single index vitamin from the water-soluble vitamins present. Riboflavin is the
index vitamin when present in the formulation. For formulations that do not contain riboflavin,
pyridoxine is the index vitamin. If neither riboflavin nor pyridoxine is present in the formulation,
the index vitamin is niacinamide (or niacin), and in the absence of niacinamide (or niacin), the
index vitamin is thiamine. If none of these four water-soluble vitamins is present in the
formulation, the index vitamin is ascorbic acid. 
Compliance with the dissolution requirements for dietary supplements representing combinations
of minerals (Minerals Capsules and Minerals Tablets) is determined by measuring the dissolution
of only one index element. Iron is the index element when present in the formulation. For
formulations that do not contain iron, the index element is calcium. If neither iron nor calcium is
present, the index element is zinc. In the absence of all three of these elements, magnesium is
the index element. 
Compliance with the dissolution requirements for dietary supplements representing combinations
of water-soluble vitamins and minerals (Water-Soluble Vitamins with Minerals Capsules and
Water-Soluble Vitamins with Minerals Tablets) and combinations of oil- and water-soluble
vitamins and minerals (Oil- and Water-Soluble Vitamins with Minerals Capsules and Oil- and
Water-Soluble Vitamins with Minerals Tablets) is determined by measuring the dissolution of one
index water-soluble vitamin and one index element, designated according to the respective
hierarchies described above.
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DISSOLUTION CONDITIONS FOR VITAMIN A TABLETS
Note—Perform this test under light conditions that minimize photodegradation.

Medium: 1% (w/v) sodium ascorbate and 1% (w/v) octoxynol 9 in 0.05 M phosphate buffer pH
6.8; 900 mL

Apparatus 2: 75 rpm

Time: 45 min

DISSOLUTION CONDITIONS FOR FOLIC ACID
Note—Perform this test under light conditions that minimize photodegradation.

Test 1

Medium: Water; 900 mL. If the units tested do not meet the requirements for dissolution in
water, test 6 additional dosage units for dissolution in a medium of 900 mL of 0.05 M pH 6.0
citrate buffer solution, prepared by mixing 9.5 mL of 0.1 M citric acid monohydrate and 40.5 mL
of 0.1 M sodium citrate dihydrate in a 100-mL volumetric flask, diluting with water to volume,
mixing, and adjusting to a pH of 6.0 by using either 0.1 M hydrochloric acid or 0.1 M sodium
hydroxide solution.

Apparatus 1: 100 rpm, for capsules

Apparatus 2: 75 rpm, for tablets

Time: 1 h

Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL

Apparatus 3: 30 dpm

Screen (top and bottom): 56-mesh

Time: 1 h

Note—Compliance with the dissolution requirements for folic acid does not exempt the product
from dissolution testing of the pertinent index vitamin or the corresponding index mineral.

DISSOLUTION CONDITIONS FOR INDEX WATER-SOLUBLE VITAMINS AND INDEX MINERALS

Test 1

Medium: 0.1 N hydrochloric acid; 900 mL

Apparatus 1: 100 rpm, for capsules

Apparatus 2: 75 rpm, for tablets

Time: 1 h

For formulations containing 25 mg or more of the index vitamin, riboflavin, use the following
conditions.

Medium: 0.1 N hydrochloric acid; 1800 mL
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Apparatus 1: 100 rpm, for capsules

Apparatus 2: 75 rpm, for tablets

Time: 1 h

Test 2 (not suitable for minerals) 
If the product complies with this test, the labeling indicates that it meets USP Dissolution Test
2.

Medium: 45 mM citrate buffer, pH 6.0; 250 mL

Apparatus 3: 30 dpm

Screen (top and bottom): 56-mesh

Time: 1 h

Note—Compliance with dissolution requirements for the pertinent index vitamin or index mineral
does not exempt the product from dissolution testing of folic acid, if present.

PROCEDURES

In the following procedures, combine equal volumes of the filtered solutions of the 6 individual
specimens withdrawn, and determine the amount of vitamin A, folic acid, or the index vitamin or
element dissolved, based on the average of 6 units tested. Make any necessary modifications
including concentration of the analyte in the volume of Sample solution taken. Use the Medium
for preparation of the Standard solution and dilution, if necessary, of the Sample solution.

Vitamin A: Determine the percentage of retinyl acetate or retinyl palmitate dissolved by using
the following procedure.

Sample solution: Withdraw a portion of the solution under test, pass through a suitable filter
of 0.45-µm pore size, and use the pooled sample as the test specimen.

Standard solution: Dissolve a suitable amount of USP Retinyl Acetate RS or USP Retinyl
Palmitate RS in isopropyl alcohol, and dilute with Medium to obtain a concentration similar to
that expected in the Sample solution. [Note—The amount of alcohol should be 5%–10%.]

Solution A: Methanol and water (90:10)

Solution B: Methanol and isopropyl alcohol (55:45)

Mobile phase: See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
8 0 100
13 0 100

13.1 100 0
15 100 0

Chromatographic system 
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(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 325 nm

Column: 4.6-mm × 10-cm; 3-µm packing L1

Flow rate: 1.0 mL/min

Injection volume: 50 µL

System suitability

Sample: Standard solution

Suitability requirements

Tailing factor: NMT 1.5 for retinyl acetate and NMT 2.0 for retinyl palmitate

Relative standard deviation: NMT 2.0%

Analysis

Samples: Appropriate Standard solution and Sample solution

Result = (rU/rS) × [CS × (V/L)] × 100

rU = peak area of the all-trans-retinyl ester from the Sample solution 
rS = peak area of the all-trans-retinyl ester from the appropriate Standard solution 
CS = concentration of retinol in the appropriate Standard solution (µg/mL) 
V = volume of Medium, 900 mL 
L = label claim of vitamin A, as retinol (µg/Tablet)

Folic acid: Determine the amount of folic acid (C19H19N7O6) dissolved by using the procedure
set forth in the assay for Folic Acid in Oil- and Water-Soluble Vitamins with Minerals Tablets, in
comparison with a Standard solution having a known concentration of USP Folic Acid RS in the
same Medium.

Niacin or Niacinamide, Pyridoxine, Riboflavin, and Thiamine: Determine the amount of the
designated index vitamin dissolved by using the procedure set forth in the assay for Niacin or
Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine in Water-Soluble Vitamins
Tablets.

Ascorbic acid: Determine the amount of ascorbic acid (C6H8O6) dissolved by adding 10 mL of
1.0 N sulfuric acid and 3 mL of starch TS to 100.0 mL of Sample solution, and titrating
immediately with 0.01 N iodine VS. Perform a blank determination, and make any necessary
corrections.

Iron, Calcium, Magnesium, and Zinc: Determine the amount of the designated index element
dissolved by using the procedure set forth in the appropriate assay in Minerals Capsules.

TOLERANCES

The requirements are met if NLT 75% of the labeled content of vitamin A, NLT 75% of the
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labeled content of folic acid, and NLT 75% of the labeled content of the index vitamin or the
index element from the units tested is dissolved.

Botanical Dosage Forms

Compliance with dissolution requirements necessitates the testing of 6 dosage units individually,
or testing 2 or more dosage units in each of the 6 vessels of the dissolution apparatus, and
measuring the dissolution of one or more index/marker compound(s) or the extract specified in
the individual monograph.

PROCEDURES

Combine equal volumes of the filtered solutions of the 6 or more individual specimens
withdrawn, and use the pooled sample as the Sample solution. Determine the average amount
of index or marker compound(s) or the extract dissolved in the pooled sample by the procedure
specified in the individual monograph. Make any necessary modifications, including
concentration of the analyte in the volume of the Sample solution taken. Use the Medium for
preparation of the Standard solution and dilution, if necessary, of the Sample solution.

TOLERANCES

Unless otherwise specified in the individual monograph, the requirements are met if NLT 75% of
the labeled content of the index or marker compound(s) or the extract from the units tested is
dissolved in 1 h.

Dietary Supplements Other Than Vitamin–Mineral and Botanical Dosage Forms

Unless otherwise stated in the individual monographs for dietary supplement dosage forms in
this category, compliance requires the testing of 6 individual units, measuring the dissolution of
the dietary ingredient as the average of the 6 units tested.

PROCEDURES

Combine equal volumes of the filtered solutions of the 6 specimens withdrawn, and use the
pooled sample as the Sample solution. Determine the average amount of dietary ingredient
dissolved in the pooled sample by the procedure specified in the individual monograph. Make
any necessary modifications, including concentration of the analyte in the volume of the
Sample solution taken. Use the Medium for preparation of the Standard solution and for
dilution, if necessary, of the Sample solution.

TOLERANCES

Because of the diversity of chemical characteristics and solubilities of dietary ingredients
pertaining to this category, general tolerances cannot be established. See individual
monographs for Tolerances.

1  An apparatus and disks meeting these specifications are available from Varian Inc., 13000 Weston Parkway,
Cary, NC  27513, or from laboratory supply houses.

2  1000-mL low-form beakers, designed in compliance with the current ASTM E 960 Type I or Type II or ISO
3819 specifications, meet the size requirements.
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3  The use of automatic detection using modified disks is permitted where the use of disks is specified or
allowed. Such disks must comply with the requirements for density and dimensions given in this chapter.

BRIEFING

2,2,2-Trichloroethanol. It is proposed to add this new reagent used in the test for

Content of Chlorobutanol in the revision being made to Antimicrobial Agents—Content 341 ,
published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C99464

Comment deadline: July 31, 2013

Add the following:
2,2,2-Trichloroethanol (Trichloroethyl Alcohol),  C2H3OCl3—149.40 [115-20-8]—Use a

suitable grade with a content of NLT 99%. 

BRIEFING

Benzylparaben. It is proposed to add this new reagent used in the test for Content of
Methylparaben and Propylparaben in the revision being made to Antimicrobial Agents—Content 

341 , published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C99464

Comment deadline: July 31, 2013

Add the following:
Benzylparaben (Benzyl 4-Hydroxybenzoate),  C14H12O3—228.24 [94-18-8]—Use a

suitable grade with a content of NLT 99%. 

BRIEFING

m-Cresol. It is proposed to add this new reagent used in the test for Content of Phenol in

the revision being made to Antimicrobial Agents—Content 341 , published elsewhere in this
issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C99464

Comment deadline: July 31, 2013

Add the following:
m-Cresol (3-Methylphenol),  C7H8O—108.14 [108-39-4]—Use a suitable grade with a

content of NLT 99%. 

BRIEFING

Medium-Chain Triglycerides. It is proposed to add this new reagent used in the test for
Content of Medium-Chain Triglycerides in the monograph for Ethylcellulose Dispersion Type B.

(HDQ: M. Marques.)    Correspondence Number—C128765

Comment deadline: July 31, 2013

Add the following:
Medium-Chain Triglycerides (Caprylic/Capric Triglycerides, Glyceryl Tricaprylate/Caprate) 
[438544-49-1]—Use a suitable grade containing NLT 95% of saturated fatty acids with 8 and

1S (USP37)

1S (USP37)

1S (USP37)
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10 carbon atoms. [Note—A suitable grade is available as Captex 300 low C6 from
www.abiteccorp.com.] 

BRIEFING

Pregnenolone Acetate. It is proposed to add this new reagent used in the Assay in the
monograph for Cholesterol, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C108245

Comment deadline: July 31, 2013

Add the following:

Pregnenolone Acetate (3 -Acetoxy-5-pregnen-20-one, 5-Pregnen-3 -ol-20-one Acetate), 
C23H34O3—358.51 [1778-02-5]—Use a suitable grade with a content of NLT 99%. 

BRIEFING

t-Dodecyl Mercaptan Ethoxylate. It is proposed to add this new reagent used to prepare
the Surfactant solution in the Assay and the test for Dissolution in the monographs for Lithium
Carbonate Tablets and Lithium Carbonate Capsules, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C127199

Comment deadline: July 31, 2013

Add the following:
t-Dodecyl Mercaptan Ethoxylate (Poly(oxy-1,2-ethanediyl), -[2-(tert-Dodecylthio)ethyl]-

-hydroxy-), (C2H4O)nC14H30OS— [9004-83-5]—Commercially available as a 1% or 2%
aqueous solution. Use a suitable grade. [Note—A suitable grade is available as catalog number
805716 from www.fishersci.com or as catalog number R8057000 from www.riccachemical.com.] 

BRIEFING

L## (Adenine, GC 227 , Acclaim Mixed-Mode WCX-1), PF 38(6) [Nov.–Dec. 2012]. It
is proposed to add a cross-reference to the new general test chapter 4-Aminophenol in

Acetaminophen-Containing Drug Products 227 , published elsewhere in this issue of PF.

(HDQ: M. Marques.)
Correspondence Number—C127104

Comment deadline: July 31, 2013

Add the following:
L## (Adenine,

GC 227 ,
Acclaim Mixed-Mode WCX-1)—A silane ligand that consists of both reversed-phase (an alkyl
chain longer than C8) and weak cation-exchange (carboxyl groups) functional groups
chemically bonded to porous or nonporous particles, 1.0–50 µm in diameter. 

BRIEFING

L79. It is proposed to add this new chromatographic column used in the test for
Enantiomeric Purity in the monograph for Calcium L-5-Methyltetrahydrofolate.

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

USP37
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(HDQ: M. Marques.)    Correspondence Number—C128344

Comment deadline: July 31, 2013

Add the following:
L79—A chiral-recognition protein, human serum albumin (HSA), chemically bonded to silica

particles, about 5 µm in diameter. 

BRIEFING

L80. It is proposed to add this new chromatographic column used in the test for Limit of
Clopidogrel Related Compound C in the monograph for Clopidogrel Bisulfate.

(HDQ: M. Marques.)    Correspondence Number—C129158

Comment deadline: July 31, 2013

Add the following:
L80—Cellulose tris(4-methylbenzoate)-coated, porous, spherical silica particles, 5 µm in

diameter. 

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, USP 36 page 1231.

(HDQ.)
Correspondence Number—C101682; C112688; C116073; C126046; C126047

The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who is already acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:
Calcium l-5-Methyltetrahydrofolate Capsules T, LR

Add the following:
Calcium l-5-Methyltetrahydrofolate Tablets T, LR

Add the following:
Ketoprofen Capsules T

Add the following:
Olanzapine Orally Disintegrating Tablets W

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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Add the following:
Propafenone Hydrochloride Tablets T

BRIEFING

Description and Relative Solubility of USP and NF Articles, USP 36 page 1240.

(HDQ.)
Correspondence Number—C97828; C127790; C128333

Add the following:
Argatroban: White, odorless crystalline powder. Freely soluble in glacial acetic acid; slightly

soluble in ethanol; insoluble in acetone, in ethyl acetate, and in ether. 

Change to read:
Methylpyrrolidone: A clear, colorless
to very slightly yellow

liquid. Miscible with water and with most organic solvents including alcohol, ketones, and

aromatic and chlorinated hydrocarbons. Boiling point: about 202 . Refractive index: about
1.469. NF category: Solvent.

Change to read:
Omeprazole: White to off-white powder. Melts between 150 and 160, with decomposition.

Soluble in dichloromethane; sparingly soluble in methanol and in alcohol; very slightly soluble in
water.

BRIEFING

Aztec Marigold Zeaxanthin Extract. Because there is no existing USP monograph for this
dietary ingredient, a new monograph is proposed. The liquid chromatographic procedures in
the tests for Content of Zeaxanthin and Lutein and Other Related Compounds are based on
analyses performed with the YMC Carotenoid C30 brand of L62 column. The typical retention
times observed for lutein and zeaxanthin are 20.2 and 23.1 min, respectively. The liquid
chromatographic procedure in the test for Stereoisomeric Composition is based on the
analysis performed with the Chiralpak AD-H brand of L51 column. The typical retention times
observed for (3S,3¢S)-zeaxanthin, (3R,3¢S meso)-zeaxanthin, and (3R,3¢R)-zeaxanthin are
31.2, 35.0, and 38.0 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C114927

Comment deadline: July 31, 2013

Add the following:
Aztec Marigold Zeaxanthin Extract

C40H56O2       568.87 

(all-E)-1,1'-(3,7,12,16-Tetramethyl-1,3,5,7,9,11,13,15,17-octadecanonaene-1,18-
diyl)bis[2,6,6-trimethylcyclohexene-3-ol];     

3R,3¢R- , -Carotene-3,3¢-diol     [148-68-3].

1S (USP37)

1S (USP37)

1S (NF32)

1S (USP37)
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DEFINITION

Aztec Marigold Zeaxanthin Extract is a purified extract, derived from the flowers of Targetes
erecta L., grown from seeds of varieties of the Scarletade cultivar rich in zeaxanthin. The
extract contains NLT 36.0% of total carotenoids calculated as zeaxanthin (C40H56O2), NLT
30.0% of all-trans-zeaxanthin, and NMT 8.0% of lutein, calculated on the dried basis.

IDENTIFICATION
•  A.

Sample solution:  Use the Sample solution from the test for Total Carotenoids.
Analysis:  Record the UV-Vis spectrum from 300–600 nm.
Acceptance criteria:  The Sample solution shows a shoulder at about 428 nm, an

absorption maximum at about 450 nm, and another maximum at about 478 nm.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the test for Content of Zeaxanthin.
•  C. The retention time of the major peak of the Sample solution corresponds to that of

3R,3¢R- , -carotene-3,3¢-diol from the Standard solution, as obtained in the test for
Stereoisomeric Composition.

COMPOSITION
•  Content of Total Carotenoids
[Note—Use low-actinic glassware.]

Sample stock solution:  Use the Sample stock solution from the test for Content of
Zeaxanthin.

Sample solution:  Transfer 2.0 mL of the Sample stock solution to a 100-mL volumetric
flask, dilute with ethanol to volume, and mix well.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength:  450 nm
Cell path:  1 cm
Blank:  Ethanol

Analysis 
Sample:  Sample solution
[Note—The absorbance reading should be between 0.2 AU to 1.0 AU. If not, readjust the

dilution of the solution.]

Calculate the percentage of the total carotenoids as zeaxanthin (C40H56O2):

Result = A/(C × F)

A= absorbance of the Sample solution
C= concentration of the Sample solution (g/mL)
F= coefficient of extinction (

E1%) of zeaxanthin in ethanol (100 mL·g 1·cm 1), 2480

Acceptance criteria:  NLT 36.0% of total carotenoids (T) as zeaxanthin (C40H56O2) on the
dried basis

•  Content of Zeaxanthin
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[Note—Use low-actinic glassware.]
Solution A:  Methyl tert-butyl ether
Solution B:  Water
Solution C:  Methanol
Diluent:  Mixture of hexane, ethanol, acetone, and toluene (10:6:7:7)
Mobile phase:  Gradient elution. See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

Solution C
(%)

0.0 5 7 88
15 15 7 78
30 45 7 48
60 75 6.5 18.5
66 75 6 19
76 5 7 88
86 5 7 88

Standard stock solution:  Transfer 20.0 mg of USP Aztec Marigold Zeaxanthin Extract RS
into a 100-mL volumetric flask, add 75 mL of Diluent to the flask to suspend the sample,
and sonicate for 5 min. Dilute with Diluent to volume, and mix well. Allow the insolubles to
settle for at least 10 min. Pass the supernatant through a membrane filter of 0.45-µm
pore size.

Standard solution:  Transfer 0.5 mL of the Standard stock solution to a 8-mL vial,
evaporated to dryness with an aid of stream of nitrogen. Dissolve the residue in 4.0 mL of
a mixture of methyl tert-butyl ether and methanol (5:95).

Sample stock solution:  Transfer 20.0 mg of Extract to a 100-mL volumetric flask, add 75
mL of Diluent to the flask to suspend the sample, and sonicate for 5 min. [Caution
—Electrostatic charges may cause the sample to sputter and stick to the sides of the
flask. Carefully wash down the product into the flask using Diluent.] Dilute with Diluent to
volume, and mix well. Allow the insolubles to settle for at least 10 min. Pass the
supernatant through a membrane filter of 0.45-µm pore size.

Sample solution:  Transfer 0.5 mL of the Sample stock solution to a 8-mL vial, and
evaporate to dryness with the aid of a stream of nitrogen. Dissolve the residue in a 4.0-
mL mixture of methyl tert-butyl ether and methanol (5:95).

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  450 nm
Column:  2.0-mm × 15-cm; 3-µm packing L62
Flow rate:  0.4 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The approximate relative retention times for lutein and zeaxanthin are 0.87 and

1.0, respectively.]
Suitability requirements 

Chromatographic similarity:  The chromatogram from the Standard solution is similar
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to the reference chromatogram provided with the USP Aztec Marigold Zeaxanthin
Extract RS being used.

Resolution:  NLT 1.0 between zeaxanthin and lutein
Tailing factor:  NMT 2.0 for the zeaxanthin peak
Relative standard deviation:  NMT 2.0% for the zeaxanthin peak

Analysis 
Sample:  Sample solution

Calculate the percentage of all-trans-zeaxanthin (C40H56O2) in the portion of the sample
taken:

Result = (rU/rT) × T

rU= peak response of all-trans-zeaxanthin from the Sample solution
rT= sum of the responses for all the peaks from the Sample solution
T= percentage of total carotenoids as determined in the test for Content of Total

Carotenoids
Acceptance criteria:  NLT 30.0% of all-trans-zeaxanthin on the dried basis

•  Lutein and Other Related Compounds
[Note—Use low-actinic glassware.]

Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability:  Proceed as directed in the test for Content of Zeaxanthin.

Analysis 
Sample:  Sample solution

Calculate the percentage of lutein in the portion of the sample taken:

Result = (rU/rT) × T

rU= peak response of lutein from the Sample solution
rT= sum of the responses for all the peaks from the Sample solution
T= percentage of total carotenoids as determined in the test for Content of Total

Carotenoids

Calculate the percentage of other related compounds in the portion of the sample taken:

Result = (rU/rT) × 100

rU= peak response of individual related compounds peaks from the Sample solution
rT= sum of the responses for all the peaks from the Sample solution
Acceptance criteria 

Lutein:  NMT 8.0% on the dried basis
Other related compounds:  NMT 1.0%

•  Stereoisomeric Composition
[Note—Use low-actinic glassware.]

Mobile phase:  Gradient elution. See Table 2.

Table 2

Time
(min)

n-Hexane
(%)

2-Propanol
(%)

0.0 95 5
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50 95 5
55 50 50
63 50 50
65 95 5
75 95 5

Standard stock solution:  0.1 mg/mL of USP Aztec Marigold Zeaxanthin Extract RS in
methylene chloride. Sonicate if necessary to dissolve the sample.

Standard solution:  Transfer 1.0 mL of the Standard stock solution into a 15-mL test tube,
and evaporate to dryness with the aid of a stream of nitrogen. Dissolve the residue in
10.0 mL of a mixture of 2-propanol and hexane (5:95). Pass through a membrane filter of
0.45-µm pore size.

Sample stock solution:  Weigh 10 mg of Extract into a 100-mL volumetric flask, add 85 mL
of methylene chloride, sonicate, and swirl to dissolve. Dilute with methylene chloride to
volume.

Sample solution:  Transfer 1.0 mL of the Sample stock solution into a 15-mL test tube,
and evaporate to dryness with the aid of a nitrogen stream. Dissolve the residue in a
10.0-mL mixture of 2-propanol and hexane (5:95). Pass the solution through a membrane
filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  450 nm
Column:  4.6-mm × 25-cm; 5-µm packing L51
Flow rate:  0.8 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The approximate relative retention times for (3S,3¢S)-zeaxanthin, (3R,3¢S meso)-

zeaxanthin, (3R,3¢R)-zeaxanthin, and (3R,3¢R,6¢R)-lutein are 0.82, 0.92, 1.00, and 1.12,
respectively.]

Suitability requirements 
Resolution:  The resolution between each pair of peaks due to (3S,3¢S)-zeaxanthin,

(3R,3¢S meso)-zeaxanthin, (3R,3¢R)-zeaxanthin, and (3R,3¢R,6¢R)-lutein is NLT 1.0.
Chromatogram similarity:  The chromatogram from the Standard solution is similar to

the reference chromatogram provided with the USP Aztec Marigold Zeaxanthin Extract
RS being used.

Analysis 
Samples:  Standard solution and Sample solution

Identify the peaks of the relevant analytes in the chromatogram of the Sample solution by
comparing with those in the chromatogram of the Standard solution obtained from the
System suitability. Calculate the percentages of (3S,3¢S)-zeaxanthin, (3R,3¢S meso)-
zeaxanthin, and (3R,3¢R)-zeaxanthin in the portion of the sample taken:

Result = (rU/rT) × 100

rU= peak response of the corresponding analyte
rT= sum of the responses for all three peaks
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Acceptance criteria 
(3R,3¢¢R)-Zeaxanthin:  NLT 99.0%
(3R,3¢¢S meso)-Zeaxanthin:  NMT 1.0%
(3S,3¢¢S)-Zeaxanthin:  NMT 0.5%

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 µg/g

•  Residue on Ignition 281 : NMT 10.0%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample under vacuum at 105  for 3 h.
Acceptance criteria:  NMT 25.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Aztec Marigold Zeaxanthin Extract RS

BRIEFING

Calcium l-5-Methyltetrahydrofolate Capsules. Because there is no existing USP monograph
for this dietary supplement dosage form, a new monograph is being proposed. USP is willing
to replace the currently proposed Disintegration requirements with a Dissolution test in the
future. Interested parties are encouraged to submit dissolution analysis for this dosage form.

(DS: N. Davydova.)
Correspondence Number—C126047

Comment deadline: July 31, 2013

Add the following:
Calcium l-5-Methyltetrahydrofolate Capsules

DEFINITION

Calcium l-5-Methyltetrahydrofolate Capsules contain NLT 90.0% and NMT 110.0% of the
labeled amount of calcium l-5-methyltetrahydrofolate (C20H23CaN7O6).

IDENTIFICATION

•  A. Identification Tests—General, Calcium 191 : A 1 mg/mL solution of calcium l-5-
methyltetrahydrofolate from Capsules contents meets the requirements.

•  B. HPLC: The retention time of the major peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Strength, and to the l-isomer of the Standard
solution in the test for Enantiomeric Purity.

1S (USP37)
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STRENGTH
•  Procedure

Buffer:  7.8 g/L of sodium dihydrogen phosphate dihydrate in water
Solution A:  Adjust the Buffer with 32% (w/v) sodium hydroxide solution to a pH of 6.5.
Solution B:  Methanol and Buffer (35:65). Adjust with 32% (w/v) sodium hydroxide solution

to a pH of 8.0.
Mobile phase:  Gradient elution. See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
14 45 55
17 0 100
24 0 100

24.01 100 0
33 100 0

System suitability solution:  Transfer 25 mg of USP Folic Acid RS to a 100-mL volumetric
flask. Add about 15 mg each of sodium hydrogen carbonate and sodium carbonate to the
flask, add sufficient water, sonicate to dissolve, and dilute with water to volume. Transfer
1.0 mL of this solution to a second 100-mL volumetric flask containing 50 mg of USP
Calcium d,l-5-Methyltetrahydrofolate RS, dissolve, and dilute with water to volume.

Standard solution:  0.05 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in Solution
A

Sample solution:  Remove, as completely as possible, the contents of NLT 30 Capsules,
and weigh accurately. Prepare solution, nominally 0.05 mg/mL of calcium l-5-
methyltetrahydrofolate, from the combined contents of Capsules, in Solution A, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  32
Flow rate:  1.1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—For the System suitability solution the relative retention times of folic acid and l-

and d-isomers of 5-methyltetrahydrofolate, which co-elute as a single peak, are 0.85
and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 8 between folic acid and 5-methyltetrahydrofolic acid, System

suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of calcium l-5-methyltetrahydrofolate
(C20H23CaN7O6) in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Calcium d,l-5-Methyltetrahydrofolate RS in the Standard solution

(mg/mL)
CU= nominal concentration of calcium l-5-methyltetrahydrofolate in the Sample solution

(mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Enantiomeric Purity

Buffer:  4.54 g/L of sodium dihydrogen phosphate dihydrate in water
Mobile phase:  Acetonitrile and Buffer (3:97). Adjust with 32% (w/v) sodium hydroxide to a

pH of 6.8.
Standard solution:  0.1 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in water
Sample solution:  Filtered portion, equivalent to 0.1 mg/mL of calcium l-5-

methyltetrahydrofolate, from the contents of NLT 30 Capsules, in water
System suitability solution:  Transfer 1.0 mL of Standard solution to a 50-mL volumetric

flask, and dilute with Sample solution to volume.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 15-cm; 5-µm packing L79

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times of l-5-methyltetrahydrofolate and d-5-

methyltetrahydrofolate are about 1 and 1.5, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between l-5-methyltetrahydrofolate and d-5-
methyltetrahydrofolate

Analysis 
Sample:  Sample solution

Calculate the percentage of d-5-methyltetrahydrofolate in the portion of calcium l-5-
methyltetrahydrofolate taken:

Result = [rD/(rD + rL)] × 100

rD= peak response of d-5-methyltetrahydrofolate from the Sample solution
rL= peak response of l-5-methyltetrahydrofolate from the Sample solution
Acceptance criteria:  NMT 1.0%
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PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Disintegration

•  Weight Variation 2091 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in a tight, light-resistant container, in a cool and dry place.

•  USP Reference Standards 11
USP Calcium d,l-5-Methyltetrahydrofolate RS 

N[4-[[((6R,S)-2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-6R,S-
pteridinyl)methyl]amino]benzoyl]-l-glutamic acid, calcium salt.     
C20H23CaN7O6      497.52

USP Folic Acid RS 

BRIEFING

Calcium l-5-Methyltetrahydrofolate Tablets. Because there is no existing USP monograph for
this dietary supplement dosage form, a new monograph is being proposed. USP is willing to
replace the currently proposed Disintegration requirements with a Dissolution test in the
future. Interested parties are encouraged to submit dissolution analysis for this dosage form.

(DS: N. Davydova.)
Correspondence Number—C126046

Comment deadline: July 31, 2013

Add the following:
Calcium l-5-Methyltetrahydrofolate Tablets

DEFINITION

Calcium l-5-Methyltetrahydrofolate Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of calcium l-5-methyltetrahydrofolate (C20H23CaN7O6).

IDENTIFICATION

•  A. Identification Tests—General, Calcium 191 : A 1 mg/mL solution of calcium l-5-
methyltetrahydrofolate from powdered Tablets meets the requirements.

•  B. HPLC: The retention time of the major peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Strength, and to the l-isomer of the Standard
solution in the tset for Enantiomeric Purity.

STRENGTH
•  Procedure

Buffer:  7.8 g/L of sodium dihydrogen phosphate dihydrate in water
Solution A:  Adjust the Buffer with 32% (w/v) sodium hydroxide solution to a pH of 6.5.
Solution B:  Methanol and Buffer (35:65). Adjust with 32% (w/v) sodium hydroxide solution

to a pH of 8.0.
Mobile phase:  Gradient elution. See Table 1.

1S (USP37)
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
14 45 55
17 0 100
24 0 100

24.01 100 0
33 100 0

System suitability solution:  Transfer 25 mg of USP Folic Acid RS to a 100-mL volumetric
flask. Add about 15 mg each of sodium hydrogen carbonate and sodium carbonate to the
flask, add sufficient water, sonicate to dissolve, and dilute with water to volume. Transfer
1.0 mL of this solution to a second 100-mL volumetric flask containing 50 mg of USP
Calcium d,l-5-Methyltetrahydrofolate RS, dissolve, and dilute with water to volume.

Standard solution:  0.05 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in Solution
A

Sample solution:  Filtered portion, equivalent to 0.05 mg/mL of calcium l-5-
methyltetrahydrofolate, from NLT 30 finely powdered Tablets, in Solution A

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  32
Flow rate:  1.1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—For the System suitability solution the relative retention times of folic acid and l-

and d-isomers of 5-methyltetrahydrofolate, which co-elute as a single peak, are 0.85
and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 8 between folic acid and 5-methyltetrahydrofolic acid, System

suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of calcium l-5-methyltetrahydrofolate
(C20H23CaN7O6) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Calcium d,l-5-Methyltetrahydrofolate RS in the Standard solution

(mg/mL)
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CU= nominal concentration of calcium l-5-methyltetrahydrofolate in the Sample solution
(mg/mL)

Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Enantiomeric Purity

Buffer:  4.54 g/L of sodium dihydrogen phosphate dihydrate in water
Mobile phase:  Acetonitrile and Buffer (3:97). Adjust with 32% (w/v) sodium hydroxide to a

pH of 6.8.
Standard solution:  0.1 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in water
Sample solution:  Filtered portion, equivalent to 0.1 mg/mL of calcium l-5-

methyltetrahydrofolate, from NLT 30 finely powdered Tablets, in water
System suitability solution:  Transfer 1.0 mL of Standard solution to a 50-mL volumetric

flask, and dilute with Sample solution to volume.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 15-cm; 5-µm packing L79

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times of l-5-methyltetrahydrofolate and d-5-

methyltetrahydrofolate are about 1 and 1.5, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between l-5-methyltetrahydrofolate and d-5-
methyltetrahydrofolate

Analysis 
Sample:  Sample solution

Calculate the percentage of d-5-methyltetrahydrofolate in the portion of calcium l-5-
methyltetrahydrofolate taken:

Result = [rD/(rD + rL)] × 100

rD= peak response of d-5-methyltetrahydrofolate from the Sample solution
rL= peak response of l-5-methyltetrahydrofolate from the Sample solution
Acceptance criteria:  NMT 1.0%

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Disintegration

•  Weight Variation 2091 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in a tight, light-resistant container, in a cool and dry place.
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•  USP Reference Standards 11
USP Calcium d,l-5-Methyltetrahydrofolate RS 

N[4-[[((6R,S)-2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-6R,S-
pteridinyl)methyl]amino]benzoyl]-l-glutamic acid, calcium salt.     
C20H23CaN7O6      497.52

USP Folic Acid RS 

BRIEFING

Fish Oil Containing Omega-3 Acids, USP 36 page 1444. The following changes are proposed

to reflect the changes in the recent revision of general chapter Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile.

1. Change the wording and solution names in the Identification test to reflect the change

in solution names in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination
and Profile.

2. Add a Fish oil standard solution to Identification test A and the test for Content of EPA
and DHA.

3. Delete the Analysis section in the tests for Content of EPA and DHA and Content of
Total Omega-3 Acids.

(DS: H. Dinh.)
Correspondence Number—C129147

Comment deadline: July 31, 2013
Fish Oil Containing Omega-3 Acids

DEFINITION

Fish Oil Containing Omega-3 Acids is the purified, winterized, and deodorized fatty oil obtained
from fish of the families Engraulidae, Carangidae, Clupeidae, Osmeridae, Scombroidae, and

Ammodytidae. The omega-3 acids are defined as the following: alpha-linolenic acid (C18:3 n

3), moroctic acid (C18:4 n 3), eicosatetraenoic acid (C20:4 n 3), eicosapentaenoic acid

(EPA) (C20:5 n 3), heneicosapentaenoic acid (C21:5 n 3), docosapentaenoic acid (C22:5 n

3), and docosahexaenoic acid (DHA) (C22:6 n 3). It contains NLT 28.0% (w/w) of total
omega-3 acids, expressed as free acids, consisting of NLT 13.0% of EPA and NLT 9.0% of DHA.
Suitable antioxidants in appropriate concentrations may be added.

IDENTIFICATION

Change to read:
•  A. The retention times of the peaks for eicosapentaenoic acid methyl ester and

docosahexaenoic acid methyl ester of Test Solution 2 in the test for Content of EPA and
DHA correspond to those for the respective compounds of Standard Solution 1.

The retention times of the docosahexaenoic acid methyl ester and eicosapentanoic acid
methyl ester peaks from Test solution 1 in Content of EPA and DHA correspond to those of
the docosahexaenoic acid methyl ester and eicosapentanoic acid methyl ester peaks from

1S (USP37)
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Standard solution 2a and Standard solution 2b, respectively, in Fats and Fixed Oils 401 ,
Content of EPA and DHA.

The sum of the area for EPA and DHA methyl esters is NLT 22% of the total detected area for
the methyl esters, and no other peak has an area higher than 20% of the total detected
area for the methyl esters. The chromatogram of Test Solution 2 exhibits at least 15
additional peaks at the retention times of the methyl esters of unsaturated fatty acids
exhibited in Standard Solution 2.

In addition to the EPA and DHA peaks, Test solution 1 exhibits at least 15 more peaks with
retention times similar to those of the Fish oil standard solution, as obtained in the test for
Content of EPA and DHA.

COMPOSITION

Change to read:
•  Content of EPA and DHA 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Analysis 

Samples:  Standard Solution 1, Standard Solution 2, Test Solution 1, and Test Solution 2

Identify the retention times of the relevant fatty acid methyl esters peaks by comparing
the chromatogram of Standard Solution 2 with the Reference Chromatogram supplied with
the USP Fish Oil RS. Identify the retention time for the internal standard peak in the
chromatogram of Test Solution 2 by comparing with that of Test Solution 1.

Calculate the percentage of EPA or DHA in the portion of Fish Oil Containing Omega-3 Acids
taken:

Result = (RU/RS) × (WS/WU) × F × 100

RS= ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2

WS= weight of either USP Docosahexaenoic Acid Ethyl Ester RS or USP Eicosapentaenoic
Acid Ethyl Ester RS used to prepare Standard Solution 1 (mg)

WU= weight of the Fish Oil Containing Omega-3 Acids taken to prepare Test Solution 2 (mg)
F = factor to express the content of DHA (0.921) and EPA (0.915) as free fatty acids
RU= ratio of peak response of either EPA or DHA to the corrected peak response of the

internal standard in the chromatogram of Test Solution 2 calculated as follows:

RU = 1/[(rU2/rT2)  (rU1/rT1)]

rU2= peak response of the peak at the locus of the internal standard in the chromatogram
of Test Solution 2

rT2= peak response of EPA or DHA in the chromatogram of Test Solution 2
rU1= peak response of any peak at the locus of the internal standard in the chromatogram

of Test Solution 1
rT1= peak response of EPA or DHA in the chromatogram of Test Solution 1. [Note—If no

peak is found at the locus of the internal standard in the chromatogram of Test
Solution 1, RU = rT2/rU2.]

Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard
solution 2b, Test solution 1, Test solution 2, System suitability solution 1, System

1S (USP37)
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suitability solution 2, Chromatographic system, System suitability, and Analysis:

 Proceed as directed in Fats and Fixed Oils 401 , Content of EPA and DHA for
triglycerides.
Fish oil standard solution:  Transfer 300 mg of USP Fish Oil RS into a 10-mL volumetric

flask, and dissolve in and dilute with Antioxidant Solution to volume. Proceed as

directed for Test Solution 1 (for triglycerides) in Fats and Fixed Oils 401 , Content of
EPA and DHA, starting with “Transfer 2.0 mL“. 
Identify the relevant fatty acid methyl esters in the Fish oil standard solution by
comparing their retention times with those in the reference chromatogram supplied with
the USP Fish Oil RS.

Acceptance criteria:  NLT 13.0% (w/w) of EPA and NLT 9.0% (w/w) of DHA

Change to read:
•  Content of Total Omega-3 Acids 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile .)
Analysis:   Proceed as directed in the test for Content of EPA and DHA, except to calculate

the content of the total omega-3 acids:

Result = EPA + DHA + [An 3(EPA + DHA)]/(AEPA + ADHA)

EPA= content of EPA from the test for Content of EPA and DHA [% (w/w)]
DHA= content of DHA from the test for Content of EPA and DHA [% (w/w)]

An 3= sum of the areas of the peaks corresponding to C18:3 n 3, C18:4 n 3, C20:4 n 3,

C21:5 n 3, and C22:5 n 3 methyl esters in the chromatogram of Test Solution 2
AEPA= area of the peak corresponding to the EPA methyl ester in the chromatogram of Test

Solution 2
ADHA= area of the peak corresponding to the DHA methyl ester in the chromatogram of Test

Solution 2

Proceed as directed in Fats and Fixed Oils 401 , Content of Total Omega-3-Acids (for
triglycerides).

Acceptance criteria:  NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids

CONTAMINANTS
•  Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has been passed first through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of arsenic as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric acid for
30 min and by rinsing with deionized water.]

1% Palladium stock solution:  Transfer 1 g of ultrapure palladium metal into a Teflon
beaker. Add 20 mL of water and 10 mL of nitric acid, and warm on a hot plate to dissolve.
Allow the solution to cool to room temperature, transfer into a 100-mL volumetric flask,
and dilute with deionized water to volume.

1% Magnesium nitrate stock solution:  Transfer 1 g of ultrapure magnesium nitrate into a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to
dissolve the solids. Allow the solution to cool to room temperature, transfer into a 100-mL

1S (USP37)
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volumetric flask, and dilute with deionized water to volume.
Modifier working solution:  1% Palladium stock solution, 1% Magnesium nitrate stock

solution, and 2% nitric acid (3:2:5). A volume of 5 µL provides 0.015 mg of palladium and
0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution:  Transfer 10.0 mL of Standard Arsenic Solution, prepared as

directed in Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water and 5 mL of
nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL of arsenic.

Standard solutions:  Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.

Sample solution:  For preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 watts in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg of Fish Oil
Containing Omega-3 Acids, weighed to the nearest 0.1 mg, into a Teflon digestion vessel
liner. Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the
vessels with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the
rupture membrane in the vent fitting, and tighten the lid. Place all vessels on the
microwave oven turntable. Connect the vent tubes to the vent trap, and connect the
pressure-sensing line to the appropriate vessel. Initiate a two-stage digestion procedure
by heating the microwave at 15% power for 15 min, followed by 25% power for 45 min.
Remove the turntable of vessels from the oven, and allow the vessels to cool to room
temperature. [Note—A cool water bath may be used to speed the cooling process.] Vent
the vessels when they reach room temperature. Remove the lids, and slowly add 2 mL of
30% hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels.
Return the vessels on the turntable to the microwave oven, and heat for an additional 15
min at 30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests into 25-mL volumetric flasks, and dilute with
water to volume.

Analysis:  Program the graphite furnace as follows. Dry at 115  using a 1-s ramp, a 65-s

hold, and an argon flow of 300 mL/min. Char the sample at 1000  using a 1-s ramp, a 20-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s

using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2400  using a

0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s ramp
and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions, the
Sample solution, and the Blank, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for arsenic.
Determine the peak area at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of arsenic, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of arsenic in each mL of the Sample
solution by interpolation from the regression line. 
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Calculate the content of arsenic in the portion of Fish Oil Containing Omega-3 Acids
taken:

Result = (C/W) × 25

C= concentration of arsenic in each mL of the Sample solution (µg/mL)
W= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has been passed through a strong-acid, strong-
base, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of lead as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm 8 N nitric
acid for 30 min and by rinsing with deionized water.]

10% Monobasic ammonium phosphate solution:  10 g of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 mL of water to dissolve the phosphate. Dilute with
deionized water to 100 mL.

1% Magnesium nitrate solution:  Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.

Modifier working solution:  10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate plus 0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution:  Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as

directed in Heavy Metals 231 , to a 100-mL volumetric flask. Add 40 mL of water and 5
mL of nitric acid, and dilute with water to volume. Transfer 1.0 mL of this solution to a
second 100-mL volumetric flask. Add 50 mL of water and 1 mL of nitric acid, and dilute
with water to volume. This solution contains 0.10 µg/mL of lead.

Standard solutions:  Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.

Sample solution:  Prepare as directed in Limit of Arsenic.

Analysis:  Program the graphite furnace as follows. Dry at 120  using a 1-s ramp, a 55-s

hold, and an argon flow of 300 mL/min. Char the sample at 850  using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s

using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2100  using a

0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s ramp
and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions, the
Sample solution, and the Blank, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for lead. Determine
the peak area at the lead emission line at 283.3 nm, corrected for background absorption.
Plot the corrected peak areas of the Standard solutions versus their contents of lead, in
µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of lead in each mL of the Sample solution by interpolation from
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the regression line. 
Calculate the content of lead in the portion of Fish Oil Containing Omega-3 Acids taken:

Result = (C/W) × 25

C= concentration of lead in each mL of the Sample solution (µg/mL)
W= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit of Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has been passed through a strong-acid, strong-
base, mixed-bed ion-exchange resin before use. Select all reagents to have as low a
content of cadmium as practicable, and store all reagent solutions in containers of
borosilicate glass. Cleanse glass, polytef, and plastic vessels before use by soaking in warm
8 N nitric acid for 30 min and by rinsing with deionized water.]

10% Monobasic ammonium phosphate solution:  10 g of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to dissolve the phosphate. Dilute with
deionized water to 100 mL.

1% Magnesium nitrate solution:  Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.

Modifier working solution:  10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution A:  0.1372 mg/mL of cadmium nitrate in water
Standard stock solution B:  Standard stock solution A, nitric acid, and water (2:1:97).

This solution contains 0.10 µg/mL of cadmium. [Note—Before diluting to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions:  Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.

Sample solution:  Prepare as directed in Limit of Arsenic.

Analysis:  Program the graphite furnace as follows. Dry at 120  using a 1-s ramp, a 55-s

hold, and an argon flow of 300 mL/min. Char the sample at 850  using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s

using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2400  using a

0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s ramp
and a 5-s hold. Separately inject equal volumes (20 µL) of the Standard solutions, the
Sample solution, and the Blank, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for cadmium.
Determine the peak area at the cadmium emission line at 228.8 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of cadmium, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of cadmium in each mL of the Sample
solution by interpolation from the regression line. Calculate the content of cadmium in the
Fish Oil Containing Omega-3 Acids taken:
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Result = (C/W) × 25

C= concentration of cadmium in each mL of the Sample solution (µg/mL)
W= weight of Fish Oil Containing Omega-3 Acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit of Mercury: Proceed as directed in Mercury 261 , Method IIa, except use a
Standard Mercury Solution having the equivalent of 0.1 µg/mL of mercury.

Sample solution:  Prepare as directed for the Sample solution in Limit of Arsenic, combining
the two duplicate cooled digests into 1.0 mL of Potassium Permanganate Solution.

Acceptance criteria:  NMT 0.1 µg/g
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method No. 1613 Revision B of the
Environmental Protection Agency. Determine the content of polychlorinated biphenyls
(PCBs) by Method No. 1668 Revision A of the Environmental Protection Agency.

Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated biphenyls,
nonortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-169, and mono-ortho
IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and
PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 3

•  Fats and Fixed Oils, Anisidine Value 401 : NMT 20.0

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0

•  Fats and Fixed Oils, Total Oxidation Value (TOTOX) 401
Analysis:  Calculate TOTOX as follows:

Result = (2 × PV) + AV

PV= peroxide value
AV= anisidine value
Acceptance criteria:  NMT 26

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.5%
•  Stearin

Sample:  10 mL

Analysis:  Cool the Sample at 0  for 3 h.
Acceptance criteria:  The Sample remains clear.

•  Absorbance
Sample solution:  0.24 mg/mL in isooctane
Acceptance criteria:  The absorbance is NMT 0.70, determined at 233 nm.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by the production of a vacuum or by an inert gas.

•  Labeling: The label states the average content of DHA and EPA in mg/g. It also states the
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name and concentration of any added antioxidant.

•  USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS  

All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.     
C24H36O2      356.55

USP Eicosapentaenoic Acid Ethyl Ester RS  
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.     
C22H34O2       330.51

USP Fish Oil RS
USP Methyl Tricosanoate RS  

Tricosanoic acid methyl ester.     
C24H48O2      368.64

BRIEFING

Rhodiola rosea; Powdered Rhodiola rosea; Powdered Rhodiola rosea Extract; and Rhodiola
rosea Tincture. New USP dietary supplements monographs are proposed. The liquid
chromatographic procedure in the test for Content of Phenylpropenoid Glycosides and
Salidroside is based on analyses performed with the Phenomenex, Luna C18-HST brand of L1
columns, with 2.5-µm packing. The typical retention times for salidroside, tyrosol, rosarin,
rosavin, rosin, and rosiridin are about 2.4, 2.8, 6.8, 7.0, 7.4 and 7.6 min, respectively.

(DS: M. Sharaf.)
Correspondence Number—C116657

Comment deadline: July 31, 2013

Add the following:
Rhodiola rosea

DEFINITION

Rhodiola rosea consists of the dried roots and rhizomes of Rhodiola rosea L. (Fam.
Crassulaceae). It contains NLT 0.3% of phenylpropenoid glycosides calculated as the sum of
rosarin, rosavin, and rosin; and NLT 0.08% salidroside; both calculated on the dried basis.

IDENTIFICATION
•  A. Rhodiola rosea meets the requirements under Specific Tests, Botanic Characteristics.
•  B. Thin-Layer Chromatography

Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  50 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Sonicate for 10 min about 0.5 g of Rhodiola rosea, finely powdered, in 5

mL of methanol, centrifuge, and use the supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plates)
Application volume:  3 µL of Standard solution A, 5 µL each of Standard solution B and
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Sample solution; as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device
Developing solvent system:  A mixture of ethyl acetate, methanol, water, and formic

acid (77:13:10:2)
Developing distance:  6 cm
Derivatization reagent:  Dissolve 1 g of diphenylamine in acetone, add 1 mL of aniline,

and mix. Carefully add 7.5 mL of phosphoric acid, and mix.
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the plate with Derivatization reagent,

heat at 120  for 5 min, and examine under visible light.
System Suitability:  The chromatogram of Standard solution B exhibits, in the lower half,

three gray bands and two brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the brownish band with an RF below
the gray bands; the most intense gray band is the lower band at an RF corresponding to
the band due to rosavin in the chromatogram of Standard Solution A; the upper gray band
due to rosarin is less intense.

Acceptance criteria:  The chromatogram of the Sample solution exhibits a gray band
corresponding to the band due to rosavin in the chromatogram of Standard Solution A, and
the following bands corresponding to similar bands in the chromatogram of Standard
solution B: two additional gray bands and two brownish bands, one above and the other
below the gray bands; the most intense band in the chromatogram is the brownish band
with an RF below the gray bands; the most intense gray band is the lower band due to
rosavin.

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Phenylpropenoid Glycosides and

Salidroside.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard solution C. The ratio of the content
of phenylpropenoid glycosides: rosarin, rosavin, and rosin, to the content of salidroside is
about 3:1.

COMPOSITION
•  Content of Phenylpropenoid Glycosides and Salidroside

Solution A:  Water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 94 6
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6 83 17
7 80.3 19.7
9 80.3 19.7
10 0 100
12 94 6
17 94 6

Solvent:  75% methanol in water
Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  0.3 mg/mL of USP Salidroside RS in methanol
Standard solution C:  4.0 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate to dissolve, if necessary. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.

Sample solution:  Transfer about 5.0 g of Rhodiola rosea, finely powdered and accurately

weighed, to a 25-mL flask. Add 7 mL of Solvent, sonicate at 37  for 15 min, and filter into
a 10-mL volumetric flask. Wash the residue on the filter paper twice, using 1 mL of
Solvent each; add the washings to the volumetric flask; adjust the volume using Solvent;
and mix. Before injection, pass through a membrane filter of 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV, 205 nm
Column:  3.0-mm × 10-cm; 2.5-µm packing L1

Column temperature:  40 ± 1
Flow rate:  1.0 mL/min
Injection volume:  1 µL

System suitability 
Samples:  Standard solution A and Standard solution C
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from Standard solution C is
similar to the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used.

Resolution:  NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation:  NMT 2% determined from the rosavin peak in repeated

injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution

Using the chromatograms of Standard solution A, Standard solution B, Standard solution C,
and the reference chromatogram provided with the lot of USP Powdered Rhodiola rosea
Extract RS being used, identify the retention time of the peaks corresponding to
salidroside, tyrosol, rosarin, rosavin, rosin, and rosiridin in the Sample solution. 
Separately calculate the percentages of rosarin, rosavin, rosin, and rosin as rosavin in the
portion of Rhodiola rosea taken:

Result = (rU/rS) × CS × (V/W) × 100
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rU= peak area of the relevant analyte in the Sample solution
rS= peak area of rosavin in Standard solution A
CS= concentration of rosavin in Standard solution A (mg/mL)
V= volume of Sample solution (mL)
W= weight of Rhodiola rosea taken to prepare the Sample solution (mg)

Calculate the percentage of phenylpropenoid glycosides as the sum of the percentages of
rosarin, rosavin, and rosin. 
Calculate the percentage of salidroside in the portion of Rhodiola rosea taken:

Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of salidroside from the Sample solution
rS= peak area of salidroside from Standard solution B
CS= concentration of salidroside in Standard solution B (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Rhodiola rosea taken to prepare the Sample solution (g)
Acceptance criteria:  NLT 0.3% of phenylpropenoid glycosides and NLT 0.08% salidroside;

both calculated on the dried basis.

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

•  Articles of Botanical Origin, Test for Aflatoxins 561 : Meets the requirements

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  Underground parts consist of numerous rhizomes united at their base into a
long taproot. Both the rhizome and root exhibit secondary growth. Pharmacopeial article
consists of dry pieces of rhizomes and roots of various shapes. Pieces of rhizomes are
thick, wrinkly, with remains of stems and scales, and pieces of roots branching off the
rhizome. The surface of the rhizome and the roots is shiny, grayish-brown; after peeling
off the cork, a golden-yellow layer is revealed; fracture, pinkish-brown or light brown.

Microscopic 
Transverse section of rhizome:  A cork, narrow to broad, depending on the sample; cork

PF 39(3): May-Jun. 2013 173



cells may be dark brown, greenish, or nearly colorless; cortex, large, loosely arranged
parenchymatous cells, with slightly thickened walls; secondary phloem, parenchymatous,
no sclereides; small narrow vascular bundles occur in a ring surrounding a broad
parenchymatous pith; pith includes scattered vascular bundles; parenchyma of the
rhizome is filled with starch granules, simple, round or oval-shaped, 5–20 µm in diameter;
hilum, if present, appears as a small dot.

Transverse section of root:  A cork, narrow to broad, depending on the sample; cortex,
large, parenchymatous cells, may contain orange-brown tannin ducts; tannin ducts are
also found embedded in the cork of old roots; secondary phloem, parenchymatous, no
sclereides; small narrow vascular bundles occur in a ring surrounding a narrow
parenchymatous pith; starch granules, simple, round or oval-shaped, 5–20 µm in
diameter; hilum, if present, appears as a small dot.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0% of other foreign
matter

•  Loss on Drying 731
Sample:  1.0 g of finely powdered Rhodiola rosea

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 12%

•  Articles of Botanical Origin, Total Ash 561
Sample:  2 g of finely powdered Rhodiola rosea
Acceptance criteria:  NMT 12%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample:  2–4 g of finely powdered Rhodiola rosea
Acceptance criteria:  NMT 3%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant contained in the article.

•  USP Reference Standards 11
USP Powdered Rhodiola rosea Extract RS
USP Rosavin RS
USP Salidroside RS

BRIEFING

Rhodiola rosea Tincture. See the Briefing under Rhodiola rosea.

(DS: M. Sharaf.)
Correspondence Number— C127444

Comment deadline: July 31, 2013

Add the following:
Rhodiola rosea

Tincture

1S (USP37)
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DEFINITION

Rhodiola rosea Tincture is prepared as follows.

Rhodiola rosea 1 part (g)
A mixture of Alcohol and Water (40:60), a sufficient quantity to make 5 parts (mL)

Prepare the Tincture as directed for Botanical Extracts 565 , Tinctures, Maceration Process.
It contains NLT 0.06% (w/v) of phenylpropenoid glycosides calculated as the sum of rosarin,
rosavin, and rosin; and NLT 0.016% of salidroside.

IDENTIFICATION
•  A. Thin-Layer Chromatography 

(See Chromatography 621 , Thin-Layer Chromatography)
Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  50 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Centrifuge a portion of Tincture, and use the supernatant.
Chromatographic system 

Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)

Application volume:  3 µL of Standard solution A, 5 µL of Standard solution B, and 10 µL
of Sample solution; as 8-mm bands

Relative humidity:  Condition the plate to a relative humidity of about 33% using a
suitable device.

Developing solvent system:  A mixture of ethyl acetate, methanol, water, and formic
acid (77:13:10:2)

Developing distance:  6 cm
Derivatization reagent:  Dissolve 1 g of diphenylamine in acetone, add 1 mL of aniline,

and mix. Carefully add 7.5 mL of phosphoric acid, and mix.
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the plate with Derivatization reagent,

heat at 120  for 5 min, and examine under visible light.
System suitability:  The chromatogram of Standard solution B exhibits, in the lower half,

three gray bands and two brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the brownish band with an RF below
the gray bands; the most intense gray band is the lower band at an RF corresponding to
the band due to rosavin in the chromatogram of Standard solution A; the upper gray band
due to rosarin is less intense.

Acceptance criteria:  The chromatogram of the Sample solution exhibits a gray band
corresponding to the band due to rosavin in the chromatogram of Standard Solution A, and
the following bands corresponding to similar bands in the chromatogram of Standard
solution B: two additional gray bands and two brownish bands, one above and the other
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below the gray bands; the most intense band in the chromatogram is the brownish band
with an RF below the gray bands; the most intense gray band is the lower band due to
rosavin.

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Phenylpropenoid Glycosides and

Salidroside.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard solution C. 
The ratio of the contents of rosarin, rosavin, and rosin is about 2.5: 6.0: 1.5.

COMPOSITION
•  Content of Phenylpropenoid Glycosides and Salidroside

Solution A:  Water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 94 6
6 83 17
7 80.3 19.7
9 80.3 19.7
10 0 100
12 94 6
17 94 6

Solvent:  75% methanol in water
Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  0.3 mg/mL of USP Salidroside RS in methanol
Standard solution C:  4.0 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate to dissolve, if necessary. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.

Sample solution:  Before injecting the Tincture, pass through a membrane filter of 0.45-µm
or finer pore size. [Note—The sample can be weighed and converted to volume using the
density of the Tincture.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  3.0-mm × 10-cm; 2.5-µm packing L1

Column temperature:  40 ± 1
Flow rate:  1.0 mL/min
Injection volume:  1 µL each for Standard solution A, Standard solution B, and Standard

solution C; 5 µL for the Sample solution
System suitability 

Samples:  Standard solution A and Standard solution C
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Suitability requirements 
Chromatogram similarity:  The chromatogram obtained from Standard solution C is

similar to the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used.

Resolution:  NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation:  NMT 2% determined from the rosavin peak in repeated

injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution 
Using the chromatograms of Standard solution A, Standard solution B, Standard solution
C, and the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used, identify the retention time of the peaks corresponding to
salidroside, tyrosol, rosarin, rosavin, rosin, and rosiridin in the Sample solution. 
Separately calculate the percentages of rosarin, rosavin, and rosin as rosavin in the
portion of Tincture taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of rosavin from Standard solution A
CS= concentration of rosavin in Standard solution A (g/mL)
CU= concentration of Tincture in the Sample solution (mL/mL)

Calculate the percentage of phenylpropenoid glycosides as the sum of the percentages
of rosarin, rosavin, and rosin. 
Calculate the percentage of salidroside in the portion of Tincture taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of salidroside from the Sample solution
rS= peak area of salidroside from Standard solution B
CS= concentration of salidroside in Standard solution B (g/mL)
CU= concentration of Tincture in the Sample solution (mL/mL)

Acceptance criteria:  NLT 0.06% (w/v) of phenylpropenoid glycosides; and NLT 0.016% of
salidroside.

OTHER COMPONENTS

•  Alcohol Determination, Method I 611 : NLT 90.0% and NMT 110.0% of the labeled
amount of ethanol (C2H5OH)

CONTAMINANTS

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at room

temperature.
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•  Labeling: The label states the official name of the article, the Latin binomial, and the part of
the plant from which the article was prepared. Label it to indicate the content of
phenylalkanoids, the solvent mixture used for extraction, and the ratio of the starting
crude plant material to Tincture.

•  USP Reference Standards 11
USP Powdered Rhodiola rosea Extract RS
USP Rosavin RS
USP Salidroside RS

BRIEFING

Powdered Rhodiola rosea. See the Briefing under Rhodiola rosea.

(DS: M. Sharaf.)
Correspondence Number— C127442

Comment deadline: July 31, 2013

Add the following:
Powdered Rhodiola rosea

DEFINITION

Powdered Rhodiola rosea is Rhodiola rosea L. reduced to a powder or fine powder. It contains
NLT 0.3% of phenylpropanoid glycosides, calculated as the sum of rosarin, rosavin, and rosin,
and NLT 0.08% of salidroside; both calculated on the dried basis.

IDENTIFICATION
•  A. Powdered Rhodiola rosea meets the requirements under Specific Tests, Botanic

characteristics.
•  B. Thin-Layer Chromatography

Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  50 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Sonicate for 10 min about 0.5 g of Powdered Rhodiola rosea in 5 mL of

methanol, centrifuge, and use the supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-layer Chromatography.)
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plates)
Application volume:  3 µL of Standard solution A and 5 µL each of Standard solution B

and Sample solution; as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of ethyl acetate, methanol, water, and formic

acid (77:13:10:2)
Developing distance:  6 cm
Derivatization reagent:  Dissolve 1 g of diphenylamine in acetone, add 1 mL of aniline,

and mix. Carefully add 7.5 mL of phosphoric acid, and mix.

1S (USP37)
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Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the plate with Derivatization reagent,

heat at 120  for 5 min, and examine under visible light.
System suitability:  The chromatogram of Standard solution B exhibits, in the lower half,

three gray bands and two brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the brownish band with an RF below
the gray bands; the most intense gray band is the lower band at an RF corresponding to
the band due to rosavin in the chromatogram of Standard solution A; the upper gray band
due to rosarin is less intense.

Acceptance criteria:  The chromatogram of the Sample solution exhibits a gray band
corresponding to the band due to rosavin in the chromatogram of Standard Solution A, and
the following bands corresponding to similar bands in the chromatogram of Standard
solution B: two additional gray bands and two brownish bands, one above and the other
below the gray bands; the most intense band in the chromatogram is the brownish band
with an RF below the gray bands; the most intense gray band is the lower band due to
rosavin.

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Phenylpropenoid Glycosides and

Salidroside.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to the peaks due to salidroside, tyrosol, rosarin, rosavin,
rosin, and rosiridin in the chromatogram of Standard solution C. The ratio of the content
of the phenylpropenoid glycosides, rosarin, rosavin, and rosin, to the content of
salidroside is about 3:1.

COMPOSITION
•  Content of Phenylpropenoid Glycosides and Salidroside

Solution A:  Water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 94 6
6 83 17
7 80.3 19.7
9 80.3 19.7
10 0 100
12 94 6
17 94 6

Solvent:  75% methanol in water
Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol

PF 39(3): May-Jun. 2013 179



Standard solution B:  0.3 mg/mL of USP Salidroside RS in methanol
Standard solution C:  4.0 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate to dissolve, if necessary. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.

Sample solution:  Transfer about 5.0 g of Powdered Rhodiola rosea, accurately weighed,

to a 25-mL flask. Add 7 mL of Solvent, sonicate at 37  for 15 min, and filter into a 10-mL
volumetric flask. Wash the residue on the filter paper twice using 1 mL of Solvent each,
add the washings to the volumetric flask, dilute with Solvent to volume, and mix. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the first
few mL of filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  3.0-mm × 10-cm; 2.5-µm packing L1

Column temperature:  40 ± 1
Flow rate:  1.0 mL/min
Injection volume:  1 µL

System suitability 
Samples:  Standard solution A and Standard solution C
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from Standard solution C is
similar to the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used.

Resolution:  NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation:  NMT 2% determined from the rosavin peak in repeated

injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution 
Using the chromatograms of Standard solution A, Standard solution B, Standard solution
C, and the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used, identify the retention time of the peaks corresponding to
salidroside, tyrosol, rosarin, rosavin, rosin, and rosiridin from the Sample solution. 
Separately calculate the percentages of rosarin, rosavin, and rosin as rosavin in the
portion of Powdered Rhodiola rosea taken:

Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of rosavin from Standard solution A
CS= concentration of rosavin in Standard solution A (mg/mL)
V= volume of Sample solution (mL)
W= weight of Powdered Rhodiola rosea taken to prepare the Sample solution (mg)

Calculate the percentage of phenylpropanoid glycosides as the sum of the percentages
of rosarin, rosavin, and rosin. 
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Calculate the percentage of salidroside in the portion of Powdered Rhodiola rosea taken:

Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of salidroside in the Sample solution
rS= peak area of salidroside in Standard solution B
CS= concentration of salidroside in Standard solution B (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Rhodiola rosea taken to prepare the Sample solution (g)

Acceptance criteria:  NLT 0.3% of phenylpropenoid glycosides and NLT 0.08% of
salidroside; both calculated on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

•  Articles of Botanical Origin, Test for Aflatoxins 561 : Meets the requirements

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  Pinkish-brown or light brown in color
Microscopic It shows fragments of cork cells, subrectangular or polygonal, containing

yellowish-brown pigments, 10–150 µm in diameter; parenchymatous cells of cortex,
subsquare or polygonal, containing reddish-brown pigments; stone cells, subrounded,
subtriangular, subrectangular or irregular shape, some elongated, mostly 14–70 µm in
diameter, up to 270 µm in length; fibers mostly in bundles, long fusiform in shape, ends
oblique-sharp or blunt-round, with oblique or criss-cross striations, 10–60µm in diameter;
and reticulate and pitted vessels, up to 120 µm in diameter.

•  Loss on Drying 731
Sample:  1.0 g of Powdered Rhodiola rosea

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 12%

•  Articles of Botanical Origin, Total Ash 561
Sample:  2 g of Powdered Rhodiola rosea
Acceptance criteria:  NMT 12%
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•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Sample:  2–4 g of Powdered Rhodiola rosea
Acceptance criteria:  NMT 3%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the parts of

the plant from which the article was obtained.

•  USP Reference Standards 11
USP Powdered Rhodiola rosea Extract RS
USP Rosavin RS

BRIEFING

Powdered Rhodiola rosea Extract. See the Briefing under Rhodiola rosea.

(DS: M. Sharaf.)
Correspondence Number— C127443

Comment deadline: July 31, 2013

Add the following:
Powdered Rhodiola rosea Extract

DEFINITION

Powdered Rhodiola rosea Extract is prepared from Rhodiola rosea by extraction with
hydroalcoholic mixtures. The ratio of plant material to extract is between 1.5: 1 and 5:1. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of phenylpropenoid glycosides
calculated as the sum of rosarin, rosavin, and rosin, and NLT 90.0% and NMT 110.0% of the
labeled amount of salidroside, both calculated on the dried basis. It may contain suitable added
substances as carriers.

IDENTIFICATION
•  A. Thin-Layer Chromatography

Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  50 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  50 mg/mL of Powdered Rhodiola rosea Extract RS in methanol. Sonicate

for 10 min, centrifuge, and use the supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plates)
Application volume:  3 µL of Standard solution A and 5 µL each of Standard solution B

and the Sample solution; as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

1S (USP37)
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suitable device.
Developing solvent system:  A mixture of ethyl acetate, methanol, water, and formic

acid (77:13:10:2)
Developing distance:  6 cm
Derivatization reagent:  Dissolve 1 g of diphenylamine in acetone, add 1 mL of aniline,

and mix. Carefully add 7.5 mL of phosphoric acid, and mix.
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air. Develop the chromatograms in a saturated chamber, remove the
plate from the chamber, and dry in air. Derivatize the plate with Derivatization reagent,

heat at 120  for 5 min, and examine under visible light.
System suitability:  The chromatogram of Standard solution B exhibits, in the lower half,

three gray bands and two brownish bands, one above and the other below the gray
bands; the most intense band in the chromatogram is the brownish band with an RF below
the gray bands; the most intense gray band is the lower band at an RF corresponding to
the band due to rosavin in the chromatogram of Standard Solution A; the upper gray band
due to rosarin is less intense.

Acceptance criteria:   
The chromatogram of the Sample solution exhibits a gray band corresponding to the band
due to rosavin in the chromatogram of Standard Solution A, and the following bands
corresponding to similar bands in the chromatogram of Standard solution B: two additional
gray bands and two brownish bands, one above and the other below the gray bands; the
most intense band in the chromatogram is the brownish band with an RF below the gray
bands; the most intense gray band is the lower band due to rosavin.

•  B. HPLC
Analysis:  Proceed as directed in the test for Content of Phenylpropenoid Glycosides and

Salidroside.
Acceptance criteria:   

The chromatogram of the Sample solution exhibits peaks at the retention times
corresponding to the peaks due to salidroside, tyrosol, rosarin, rosavin, rosin, and rosiridin
in the chromatogram of Standard solution C. 
The ratio of the contents of rosarin, rosavin, and rosin is about 2.5: 6.0: 1.5,
respectively.

COMPOSITION
•  Content of Phenylpropenoid Glycosides and Salidroside

Solution A:  Water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 94 6
6 83 17
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7 80.3 19.7
9 80.3 19.7
10 0 100
12 94 6
17 94 6

Solvent:  75% methanol in water
Standard solution A:  1.0 mg/mL of USP Rosavin RS in methanol
Standard solution B:  0.3 mg/mL of USP Salidroside RS in methanol
Standard solution C:  4.0 mg/mL of USP Powdered Rhodiola rosea Extract RS in methanol.

Sonicate to dissolve, if necessary. Before injection, pass through a membrane filter of
0.45-µm or finer pore size.

Sample solution:  4.0 mg/mL of Powdered Rhodiola rosea Extract RS in methanol. Sonicate
to dissolve, if necessary. Before injection, pass through a membrane filter of 0.45-µm or
finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  3.0-mm × 10-cm; 2.5-µm packing L1

Column temperature:  40 ± 1
Flow rate:  1.0 mL/min
Injection volume:  1 µL

System suitability 
Samples:  Standard solution A and Standard solution C
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from Standard solution C is
similar to the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used.

Resolution:  NLT 1.5 between the rosarin and rosavin peaks, Standard solution C
Relative standard deviation:  NMT 2% determined from the rosavin peak in repeated

injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution 
Using the chromatograms of Standard solution A, Standard solution B, Standard solution
C, and the reference chromatogram provided with the lot of USP Powdered Rhodiola
rosea Extract RS being used, identify the retention time of the peaks corresponding to
salidroside, tyrosol, rosarin, rosavin, rosin, and rosiridin from the Sample solution. 
Separately calculate the percentage of rosarin, rosavin, and rosin as rosavin in the
portion of Powdered Rhodiola rosea Extract taken:

P1 = (rU/rS) × (CS/CU) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of salidroside from Standard solution B
CS= concentration of salidroside in Standard solution B (mg/mL)
CU= concentration of Extract in the Sample solution (mg/mL)
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Calculate the percentage of phenylpropenoid glycosides as the sum of the percentages
of rosarin, rosavin, and rosin. 
Calculate the percentage of salidroside in the portion of Extract taken:

P2 = (rU/rS) × (CS/CU) × 100

rU= peak area of salidroside from the Sample solution
rS= peak area of rosavin from Standard solution A
CS= concentration of rosavin in Standard solution A (mg/mL)
CU= concentration of Extract in the Sample solution (mg/mL)

Calculate the percentage of the labeled amount of phenylpropenoid glycosides in the
portion of Extract taken:

Result = (P1/V) × 100

P1= content of phenylpropenoid glycosides, as determined above (%)
L= labeled amount of phenylpropenoid glycosides (%)

Calculate the percentage of the labeled amount of salidroside in the portion of Extract
taken:

Result = (P2/L) × 100

P2= content of salidroside, as determined above (%)
L= labeled amount of salidroside (%)

Acceptance criteria:  NLT 90.0% and NMT 110.0% of the labeled amount of
phenylpropenoid glycosides, and NLT 90.0% and NMT 110.0% of the labeled amount of
salidroside, both calculated on the dried basis.

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

•  Articles of Botanical Origin, Test for Aflatoxins 561 : Meets the requirements

SPECIFIC TESTS

•  Loss on Drying 731
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Sample:  2.0 g of Powdered Rhodiola rosea Extract

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at controlled room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was derived. It meets other labeling requirements under

Botanical Extracts 565 .

•  USP Reference Standards 11
USP Powdered Rhodiola rosea Extract RS
USP Rosavin RS
USP Salidroside RS

BRIEFING

Calcium Stearate, USP 36 page 1918. See Briefing under Sodium Stearate appearing
elsewhere in this PF. This monograph was identified by the FDA Modernization Task Group to
be at an elevated risk of adulteration due to a lack of specificity of the Identification test.
As part of the USP monograph modernization effort and recent revisions to the PDG Stage 6
Stearic Acid and Magnesium Stearate monographs, it is proposed to make the following
changes:

1. Change the Definition to include a requirement for the stearic acid content and the sum
of stearic acid and palmitic acid content in the fatty acid fraction. Replace the
requirement for the content of calcium oxide (CaO) with the corresponding
requirement for the content of calcium (Ca).

2. Replace Identification test B based on the solidification temperature with the
identification by retention time as obtained in the Assay, Content of Stearic Acid and
Palmitic Acid.

3. In the Assay, add a test for Content of Stearic Acid and Palmitic Acid. The proposed
capillary column gas chromatographic procedure is based on the analysis performed
with the Stabilwax-DB brand of G16 column. The retention times for methyl palmitate
and methyl stearate are approximately 24.5 min and 28.5 min, respectively.

4. In the Loss on Drying test, remove the requirement for 2-h increments of heating.
5. Add the Labeling section with a requirement to report the content of stearic acid in the

fatty acid fraction and the source of the fatty acids used to produce calcium
stearate.

6. Add the USP Reference Standards section containing two reference standards, USP
Palmitic Acid RS and USP Stearic Acid RS.

(EXC: G. Holloway.)
Correspondence Number—C122596

Comment deadline: July 31, 2013
Calcium Stearate
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Octadecanoic acid, calcium salt;     
Calcium stearate     [1592-23-0].

DEFINITION

Change to read:

Calcium Stearate is a compound of calcium with a mixture of solid organic acids obtained from
fats. It consists chiefly of variable proportions of calcium stearate and calcium palmitate. It
contains the equivalent of NLT 9.0% and NMT 10.5% of calcium oxide (CaO).

Calcium Stearate is a compound of calcium with a mixture of solid organic acids obtained from
sources of vegetable or animal origin and consists mainly of variable proportions of calcium
stearate (C36H70CaO4) and calcium palmitate (C32H62CaO4). It contains NLT 6.4% and NMT
7.4% of calcium (Ca), calculated on the dried basis. The content of stearic acid in the fatty
acid fraction is NLT 40.0% of the total content. The sum of stearic acid and palmitic acid in the
fatty acid fraction is NLT 90.0% of the total content.

IDENTIFICATION

•  A. Identification Tests—General, Calcium 191
Sample:  1 g
Analysis:  Heat the Sample with a mixture of 25 mL of water and 5 mL of hydrochloric acid.
Acceptance criteria:  Fatty acids are liberated and appear as an oily layer floating on the

surface of the liquid. The water layer meets the requirements.

Change to read:
•  B.

Sample:  25 g
Analysis:  Mix the Sample with 200 mL of hot water, add 60 mL of 2 N sulfuric acid, and

heat the mixture, with frequent stirring, until the separated fatty acid layer is clear.
Wash the fatty acids with boiling water until free from sulfate, collect them in a small
beaker, and warm on a steam bath until the water has separated and the fatty acids are
clear. Allow the acids to cool, pour off the water layer, and melt the acids. Filter into a

dry beaker, and dry at 105  for 20 min.

Acceptance criteria:  The fatty acids so obtained congeal at a temperature NLT 54  (see

Congealing Temperature 651 ).
The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Content of Calcium
Sample:  1.2 g
Titrimetric system  

1S (NF32)

1S (NF32)

1S (NF32)

PF 39(3): May-Jun. 2013 187



(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.05 M edetate disodium VS
Endpoint detection:  Colorimetric

Analysis:  Boil the Sample with 50 mL of 1 N sulfuric acid for about 3 h, using a watch glass
cover to avoid splattering, or until the separated fatty acid layer is clear. Add water, if
necessary, to maintain the original volume. [Note—Stirring may be helpful in obtaining a
clear layer and decreasing extraction time.] Cool, filter, and wash the filter and the flask
thoroughly with water until the last washing is not acid to litmus. Neutralize the filtrate
with 1 N sodium hydroxide to litmus. While stirring, preferably with a magnetic stirrer,
titrate with 0.05 M edetate disodium VS as follows. Add about 30 mL from a 50-mL buret,
then add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue. Continue
the titration to a blue endpoint. Each mL of 0.05 M edetate disodium is equivalent to
2.804 mg of calcium oxide (CaO)
2.003 mg of calcium.

Acceptance criteria:  9.0%–10.5%
6.4%–7.4% on the dried basis

Add the following:
•  Content of Stearic Acid and Palmitic Acid

Boron trifluoride–methanol solution:  140 g/L of boron trifluoride in methanol
Sample solution:  Dissolve 100 mg of Calcium Stearate in a small conical flask fitted with a

suitable reflux attachment with 5 mL of Boron trifluoride–methanol solution. Boil under
reflux for 10 min. Add 4.0 mL of n-heptane through the condenser, and boil again under
reflux for 10 min. Allow to cool. Add 20 mL of a saturated solution of sodium chloride.
Shake, and allow the layers to separate. Remove about 2 mL of the organic layer, and dry
it over 0.2 g of anhydrous sodium sulfate. Dilute 1.0 mL of this solution with n-heptane to
10.0 mL.

Standard solution:  Prepare as directed in the Sample solution, using 50 mg of USP Stearic
Acid RS and 50 mg of USP Palmitic Acid RS.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  30-m × 0.32-mm fused silica; coated with a 0.5-µm layer of stationary phase

G16
Temperatures 

Injection port:  220

Detector:  260
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 — 70 2
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70 5 240 5
Carrier gas:  Helium, passed through a bed of molecular sieve for drying, if necessary
Flow rate:  2.4 mL/min
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 5.0 between the methyl palmitate and methyl stearate peaks. [Note
—The relative retention times for methyl palmitate and methyl stearate are about 0.9
and 1.0, respectively.]

Relative standard deviation:  NMT 3.0% for the methyl stearate and methyl palmitate
peaks; NMT 1.0% for the ratio of the peak areas of methyl palmitate to the peak areas
of methyl stearate, from 6 replicate injections

Analysis:  Calculate the percentage of stearic acid (C18H36O2) in the fatty acid fraction of
the sample taken:

Result = (rU/rT) × 100

rU= peak area due to methyl stearate
rT= sum of all the peak areas, excluding the solvent peak

Calculate the percentage of palmitic acid (C16H32O2) in the fatty acid fraction of the
sample taken:

Result = (rU/rT) × 100

rU= peak area due to methyl palmitate
rT= sum of all the peak areas, excluding the solvent peak
Acceptance criteria 

Stearic acid:  NLT 40.0%
Sum of stearic acid and palmitic acid:  NLT 90.0%

IMPURITIES

•  Heavy Metals 231
Test preparation:  Place 2.5 g of Calcium Stearate in a porcelain dish, and add 5 mL of a

1-in-4 solution of magnesium nitrate in alcohol. Cover the dish with a 7.5-cm short-stem
funnel so that the stem is straight up. Heat on a hot plate at low heat for 30 min, then
heat at medium heat for 30 min, and cool. Remove the funnel, and heat the dish over a
suitable burner until most of the carbon is burned off. Cool, add 10 mL of nitric acid, and
transfer the solution into a 250-mL beaker. Add 5 mL of 70% perchloric acid, cautiously
evaporate to dryness, add 2 mL of hydrochloric acid to the residue, and wash down the
inside of the beaker with water. Evaporate carefully to dryness again, swirling near the
dry point to avoid spattering. Repeat the hydrochloric acid treatment, then cool, and
dissolve the residue in about 10 mL of water. Add 1 drop of phenolphthalein TS, and add
sodium hydroxide TS until the solution just turns pink. Then add 3 N hydrochloric acid until
the solution becomes colorless. Add 1 mL of 1 N acetic acid and a small amount of
charcoal, and pass through filter paper into 50-mL color-comparison tubes. Wash with
water, and dilute with water to 40 mL.
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Monitor preparation:  Place 500 mg of Calcium Stearate in a porcelain dish, and add 5 mL
of a 1-in-4 solution of magnesium nitrate in alcohol. Cover the dish with a 7.5-cm short-
stem funnel so that the stem is straight up. Heat on a hot plate at low heat for 30 min,
then heat at medium heat for 30 min, and cool. Remove the funnel, add 2 mL of Standard
Lead Solution (20 µg of Pb), and heat the dish over a suitable burner until most of the
carbon is burned off. Cool, add 10 mL of nitric acid, and transfer the solution into a 250-
mL beaker. Add 5 mL of 70% perchloric acid, cautiously evaporate to dryness, add 2 mL of
hydrochloric acid to the residue, and wash down the inside of the beaker with water.
Evaporate carefully to dryness again, swirling near the dry point to avoid spattering.
Repeat the hydrochloric acid treatment, then cool, and dissolve the residue in about 10
mL of water. Add 1 drop of phenolphthalein TS, and add sodium hydroxide TS until the
solution just turns pink. Then add 3 N hydrochloric acid until the solution becomes
colorless. Add 1 mL of 1 N acetic acid and a small amount of charcoal, and pass through
filter paper into 50-mL color-comparison tubes. Wash with water, and dilute with water to
40 mL.

Analysis:  Add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 3.5 acetate buffer
to each tube. Allow to stand for 5 min.

Acceptance criteria:  NMT 10 ppm; the color of the Test preparation does not exceed that
of the Monitor preparation.

SPECIFIC TESTS

Change to read:

•  Loss on Drying 731

Analysis:  Dry a sample at 105  to constant weight. using 2-h increments of heating

Acceptance criteria:  NMT 4.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Add the following:
•  Labeling: Label it to indicate the content of stearic acid in the fatty acid fraction and to

indicate the fatty acids used to produce calcium stearate are from sources of vegetable or
animal origin. 

Add the following:

•  USP Reference Standards 11
USP Palmitic Acid RS 
USP Stearic Acid RS 

BRIEFING

Cholesterol, NF 31 page 1965. As part of the USP monograph modernization effort, it is
proposed to make the following revisions:

1. Update the Definition.
2. Replace the current Identification test A, based on a wet-chemical procedure, with IR

identification.
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3. Replace Identification test B, based on a wet-chemical procedure, with a test for
specific rotation.

4. Add an additional Identification test C based on a test for melting range or temperature.
5. Add an Assay based on a GC method of analysis performed with the Agilent DB-1 brand

of G2 column. The typical retention times for pregnenolone acetate and cholesterol
are 4.7 and 7.6 min, respectively.

6. Add a Labeling section.

7. Add USP Cholesterol RS to a newly added USP Reference Standards 11  section.

(EXC: H. Wang.)
Correspondence Number—C108245

Comment deadline: July 31, 2013
Cholesterol

C27H46O       386.65 

Cholest-5-en-3-ol, (3 )-;     

Cholest-5-en-3 -ol     [57-88-5].

DEFINITION

Change to read:

Cholesterol is a steroid alcohol used as an emulsifying agent.

containing NLT 95.0% of cholest-5-en-3 -ol (C27H46O), calculated on the dried basis.

IDENTIFICATION

Change to read:
•  A.

Infrared Absorption 197A  or 197K
Sample solution:  10 mg in 1 mL of chloroform
Analysis:  To the Sample solution add 1 mL of sulfuric acid.
Acceptance criteria:  The chloroform acquires a blood-red color, and the sulfuric acid

shows a green fluorescence.

Change to read:
•  B.

Sample:  5 mg
Analysis:  Dissolve the Sample in 2 mL of chloroform, add 1 mL of acetic anhydride, and

follow with 1 drop of sulfuric acid.
Acceptance criteria:  A pink color is produced, and it rapidly changes to red, then to blue,

and finally to a brilliant green.

1S (NF32)

1S (NF32)

PF 39(3): May-Jun. 2013 191



It meets the requirements of the test for Optical Rotation 781S , Specific Rotation.

Add the following:

•  C. It meets the requirements of the test for Melting Range or Temperature 741 . 

ASSAY

Add the following:
•  Procedure

Standard solution:  1.0 mg/mL of USP Cholesterol RS and 1.0 mg/mL of pregnenolone
acetate (internal standard) in heptane

Sample solution:  1.0 mg/mL of Cholesterol and 1.0 mg/mL of pregnenolone acetate
(internal standard) in heptane

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.25-mm × 30-m capillary column bonded with a 0.25-µm layer of phase G2
Temperatures 

Detector:  300

Injection port:  285

Column:  275
Carrier gas:  Helium
Flow rate:  2.0 mL/min
Injection volume:  1.0 µL
Injection type:  Split ratio, 25:1
Liner:  Cup splitter liner (4-mm × 6.3 × 78.5) with deactivated wool

System suitability 
Sample:  Standard solution
[Note—The relative retention times for pregnenolone acetate and cholesterol are 1.0 and

1.6, respectively.]
System suitability requirements 

Resolution:  NLT 20 between pregnenolone acetate and cholesterol
Relative standard deviation:  NMT 2.0% for the peak response ratio of cholesterol to

the internal standard
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of cholesterol in the portion of sample taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of cholesterol to the internal standard (peak response of
cholesterol/peak response of the internal standard) from the Sample solution

RS= peak response ratio of cholesterol to the internal standard (peak response of
cholesterol/peak response of the internal standard) from the Standard solution
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CS= concentration of USP Cholesterol RS in the Standard solution (mg/mL)
CU= concentration of Cholesterol in the Sample solution (mg/mL)
Acceptance criteria:  NLT 95.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

SPECIFIC TESTS

•  Melting Range or Temperature 741 : 147 –150

•  Optical Rotation, Specific Rotation 781S
Sample solution:  20 mg/mL, undried, in dioxane

Acceptance criteria:  34  to 38
•  Acidity

Sample:  1.0 g
Analysis:  Dissolve the Sample in 10 mL of ether in a small flask, add 10.0 mL of 0.10 N

sodium hydroxide, and shake for about 1 min. Heat gently to expel the ether, and then boil
for 5 min. Cool, dilute with 10 mL of water, add phenolphthalein TS, and titrate with 0.10
N sulfuric acid until the pink color just disappears, stirring the solution vigorously

throughout the titration. Perform a blank determination (see Titrimetry 541 , Residual
Titrations).

Acceptance criteria:  The difference between the number of mL of 0.10 N sulfuric acid
consumed in the blank and the number of mL consumed in the Sample is NMT 0.3 mL.

•  Loss on Drying 731

Analysis:  Dry under vacuum at 60  for 4 h.
Acceptance criteria:  NMT 0.3%

•  Solubility in Alcohol
Sample:  500 mg
Analysis:  Dissolve the Sample in 50 mL of warm alcohol in a stoppered flask or cylinder,

and allow to stand at room temperature for 2 h.
Acceptance criteria:  No deposit or turbidity is formed.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

Add the following:
•  Labeling: Label it to indicate whether cholesterol is derived from animal, synthetic, or

vegetable sources. For animal-derived sources, indicate the species and tissue used (for
example, bovine brain and spinal cord, wool fat, or chicken eggs). 

Add the following:

•  USP Reference Standards 11
USP Cholesterol RS

BRIEFING

Sodium Stearate, USP 36 page 2208. See Briefing under Calcium Stearate, appearing
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elsewhere in this PF. As part of the USP monograph modernization effort, recent revisions to
the PDG Stage 6 Stearic Acid and Magnesium Stearate monographs, and based on
comments received, the following revisions are proposed:

1. Change the Definition to replace a requirement for the sodium stearate content and the
sum of sodium stearate and sodium palmitate content with a requirement for the
stearic acid content and the sum of stearic acid and palmitic acid content in the
fatty acid fraction.

2. Add procedural clarification to Identification test A.
3. Replace Identification test B, based on the solidification temperature, with the

identification by retention time as obtained in the Assay.
4. In the Assay, replace the packed column gas-chromatographic (GC) method with the

capillary column (GC) method. The proposed procedure is based on analysis
performed with the Stabilwax-DB brand of G16 column. The retention times for
methyl palmitate and methyl stearate are approximately 24.5 and 28.5 min,
respectively.

5. The Sample previously described in Identification test B is included in the text for Fats

and Fixed Oils, Acid Value 401 , and referenced in Fats and Fixed Oils, Iodine Value

401 .
6. Add the Labeling section with a requirement to report the content of stearic acid in the

fatty acid fraction and the source of the fatty acids used to produce sodium
stearate.

(EXC: G. Holloway.)
Correspondence Number—C126758

Comment deadline: July 31, 2013
Sodium Stearate

Octadecanoic acid, sodium salt;     
Sodium stearate     [822-16-2].

DEFINITION

Change to read:

Sodium Stearate is a mixture of sodium stearate (C18H35NaO2) and sodium palmitate
(C16H31NaO2), which together constitute NLT 90.0% of the total content. The content of
sodium stearate (C18H35NaO2) is NLT 40.0% of the total. Sodium stearate contains small
amounts of the sodium salts of other fatty acids.

Sodium Stearate is a compound of sodium with a mixture of solid organic acids obtained from
sources of vegetable or animal origin and consists mainly of variable proportions of sodium
stearate (C18H35NaO2) and sodium palmitate (C16H31NaO2). The content of stearic acid in the
fatty acid fraction is NLT 40.0% of the total content. The sum of stearic acid and palmitic acid
in the fatty acid fraction is NLT 90.0% of the total content. Sodium stearate contains small
amounts of the sodium salts of other fatty acids.
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IDENTIFICATION

Change to read:
•  A. When heated, it fuses. At a high temperature it decomposes, emitting flammable vapors

and the odor of burning fat, finally leaving a residue that, when moistened with water, is
alkaline to litmus paper, effervesces with acids, and colors a nonluminous flame intensely
yellow.

Analysis:  Heat a small quantity of Sodium Stearate in a crucible over a flame until it
fuses. Continue heating the sample until it decomposes with emission of flammable vapors
that should burn when ignited. Moisten the residue with water, and test with red litmus
paper. The paper must turn blue. Add a small amount of acid to the crucible, and observe
the solution effervesce. The solution must impart an intense yellow color to a
nonluminous flame.
Acceptance criteria:  Meets the requirements

Change to read:
•  B.

Sample:  25 g
Analysis:  Dissolve the Sample in 300 mL of hot water, add 60 mL of 2 N sulfuric acid, and

heat the solution, with frequent stirring, until the separated fatty acid layer is clear.
Wash the fatty acids with boiling water until they are free from sulfate, collect in a small
beaker, and warm on a steam bath until the water has settled and the fatty acids are
clear. Allow the acids to cool, pour off the water layer, then melt the acids, filter into a

dry beaker while hot, and dry at 105  for 20 min.

Acceptance criteria:  The solidification temperature of the fatty acids is NLT 54 .
The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Standard solution:  Transfer 50 mg of USP Stearic Acid RS and 50 mg of USP Palmitic Acid
RS into a small conical flask fitted with a suitable reflux attachment. Add 5.0 mL of a
solution prepared by dissolving 14 g of boron trifluoride in methanol to make 100 mL; swirl
and reflux for 15 min or until the solid is dissolved. Cool, transfer the reaction mixture
with the aid of 10 mL of chromatographic solvent hexane to a 60-mL separator, and add
10 mL of water and 10 mL of saturated sodium chloride solution. Shake, allow to
separate, then drain and discard the lower, aqueous layer. Pass the hexane layer through
6 g of anhydrous sodium sulfate (previously washed with chromatographic solvent
hexane) into a suitable flask.

Sample solution:  Transfer 100 mg of Sodium Stearate into a small conical flask fitted
with a suitable reflux attachment. Add 5.0 mL of a solution prepared by dissolving 14 g of
boron trifluoride in methanol to make 100 mL; swirl and reflux for 15 min or until the solid
is dissolved. Cool, transfer the reaction mixture with the aid of 10 mL of chromatographic
solvent hexane to a 60-mL separator, and add 10 mL of water and 10 mL of saturated
sodium chloride solution. Shake, allow to separate, then drain and discard the lower,
aqueous layer. Pass the hexane layer through 6 g of anhydrous sodium sulfate
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(previously washed with chromatographic solvent hexane) into a suitable flask.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  1.5-m × 3-mm, preferably glass; packed with 15% G4 on support S1A
Carrier gas:  Helium, passed through a bed of molecular sieve for drying, if necessary.
Injection volume:  1–2 µL
Temperatures 

Injection port:  210

Detector:  210

Column:  165
System suitability 

Samples:  Standard solution and Sample solution
Suitability requirements 

Resolution:  NLT 2.0 between methyl palmitate and methyl stearate, Sample solution
[Note—Locate the peaks by comparison with the chromatogram from the Standard

solution.]
Relative standard deviation:  NMT 1.5% for methyl stearate and methyl palmitate for

five replicate injections of the Sample solution
Analysis 

Sample:  Sample solution

Calculate the percentage of sodium stearate (C18H35NaO2) in the portion of Sodium
Stearate taken:

Result = (A/B) × 100

A= peak area due to methyl stearate
B= sum of the peak areas of all the fatty acid esters

Calculate the percentage of sodium palmitate (C16H31NaO2) in the portion of Sodium
Stearate taken:

Result = (A/B) × 100

A= peak area due to methyl palmitate
B= sum of the peak areas of all the fatty acid esters

Boron trifluoride–methanol solution:  140 g/L of boron trifluoride in methanol
Sample solution:  Dissolve 100 mg of Sodium Stearate in a small conical flask, fitted

with a suitable reflux attachment, with 5 mL of Boron trifluoride–methanol solution. Boil
under reflux for 10 min. Add 4.0 mL of n-heptane through the condenser, and boil again
under reflux for 10 min. Allow to cool. Add 20 mL of a saturated solution of sodium
chloride. Shake, and allow the layers to separate. Remove about 2 mL of the organic
layer, and dry it over 0.2 g of anhydrous sodium sulfate. Dilute 1.0 mL of this solution
with n-heptane to 10.0 mL.

Standard solution:  Prepare as directed in the Sample solution using 50 mg of USP
Stearic Acid RS and 50 mg of USP Palmitic Acid RS.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  30-m × 0.32-mm fused silica capillary; 0.5-µm layer of phase G16
Temperatures 

Injector:  220

Detector:  260
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 — 70 2
70 5 240 5

Carrier gas:  Helium, passed through a bed of molecular sieve for drying, if necessary
Flow rate:  2.4 mL/min
Injection type:  Splitless
Injection volume:   1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 5.0 between the methyl palmitate and methyl stearate peaks. [Note
—The relative retention times for methyl palmitate and methyl stearate are about
0.9 and 1.0, respectively.]

Relative standard deviation:  NMT 3.0% for the methyl stearate and methyl
palmitate peaks; NMT 1.0% for the ratio of the peak areas of methyl palmitate to
the peak areas of methyl stearate, from 6 replicate injections

Analysis:  Calculate the percentage of stearic acid (C18H36O2) in the fatty acid fraction
of the sample taken:

Result = (rU/rT) × 100

rU= peak area due to methyl stearate
rT= sum of all the peak areas, excluding the solvent peak

Calculate the percentage of palmitic acid (C16H32O2) in the fatty acid fraction of the
sample taken:

Result = (rU/rT) × 100

r U= peak area due to methyl palmitate
rT= sum of all the peak areas, excluding the solvent peak

Acceptance criteria 
Sodium stearate:

Stearic acid:

1S (NF32)

1S (NF32)
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 NLT 40.0%
Sum of sodium stearate and sodium palmitate:

stearic acid and palmitic acid:
 NLT 90.0%

SPECIFIC TESTS
•  Acidity

Sample solution:  Heat 50 mL of alcohol to the same temperature, ±5 , as that attained
when the pink endpoint is reached in the titration of the sample specimen. Add 3 drops of
phenolphthalein TS and sufficient 0.020 N sodium hydroxide to produce a faint pink color.
Add 2.00 g of Sodium Stearate, and dissolve with the aid of a small amount of heat. No
pink color is produced.

Analysis:  Titrate the solution with 0.020 N sodium hydroxide until a pink color is produced.
Acceptance criteria:  1.00–4.25 mL of 0.020 N sodium hydroxide is required (0.28%–1.2%

as stearic acid).

•  Loss on Drying 731

Sample:  Tare a beaker containing 1 g of washed sand, previously dried at 105 , add 500
mg of Sodium Stearate, and again weigh.

Analysis:  To the Sample add 10 mL of alcohol, and evaporate at 80  to dryness. Dry at

105  for 4 h.
Acceptance criteria:  NMT 5.0%

Change to read:

•  Fats and Fixed Oils, Acid Value 401
Sample:   1 g of the fatty acids obtained in Identification test B
1 g of the fatty acids obtained as follows. Dissolve 25 g of Sodium Stearate in 300 mL of
hot water, add 60 mL of 2 N sulfuric acid, and heat the solution, with frequent stirring,
until the separated fatty acid layer is clear. Wash the fatty acids with boiling water until
they are free from sulfate, collect in a small beaker, and warm on a steam bath until the
water has settled and the fatty acids are clear. Allow the acids to cool, pour off the

water layer, then melt the acids, filter into a dry beaker while hot, and dry at 105  for 20
min.

Acceptance criteria:  196–211

Change to read:

•  Fats and Fixed Oils, Iodine Value 401
Sample:  The fatty acids obtained in Identification test B

Fats and Fixed Oils, Acid Value 401
Acceptance criteria:  NMT 4.0

•  Alcohol-Insoluble Substances
Sample:  1.0 g of Sodium Stearate
Analysis:  Reflux the Sample with 25 mL of alcohol until it dissolves completely.
Acceptance criteria:  The resulting solution is clear or NMT slightly opalescent.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

1S (NF32)

1S (NF32)

1S (NF32)
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Add the following:
•  Labeling: Label it to indicate the content of stearic acid in the fatty acid fraction and to

indicate the fatty acids used to produce sodium stearate are from sources of vegetable or
animal origin. 

•  USP Reference Standards 11
USP Palmitic Acid RS 
USP Stearic Acid RS 

BRIEFING

Acetaminophen Capsules, USP 36 page 2293. On the basis of the October 12, 2010
correspondence from the FDA to USP on the importance of monograph modernization and
the USP monograph modernization initiative, a new HPLC procedure for monitoring 4-

aminophenol, based on general test chapter 227 , is being proposed. The liquid
chromatographic procedures in this test are based on analyses performed with the Dionex
Acclaim Mixed Mode WCX-1 brand of L## column. The proposed limits of 4-aminophenol are
0.15% for liquid oral dosage forms and 0.01% for solid oral dosage forms. These limits are
based on input received by the USP Acetaminophen Expert Panel, which reports to the
Monographs—Small Molecules 2 Expert Committee, from the FDA and the pharmaceutical
industry. The FDA has supported the lower limit of 4-aminophenol (NMT 0.01%) for solid oral
dosage forms and suppositories because it is consistent with current knowledge of the
impurity formation in solid drug products. In addition, this limit has been the acceptable limit
in the pharmaceutical industry for at least 15 years. The other acetaminophen-related
monographs that are concurrently being revised to add the 4-aminophenol test are the
following:

1. Acetaminophen Oral Solution
2. Acetaminophen for Effervescent Oral Solution
3. Acetaminophen Suppositories
4. Acetaminophen Oral Suspension
5. Acetaminophen Tablets
6. Acetaminophen Extended-Release Tablets

(SM2: C. Anthony.)
Correspondence Number—C127927; C127104

Comment deadline: July 31, 2013
Acetaminophen Capsules

DEFINITION

Acetaminophen Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Thin-Layer Chromatographic Identification Test 201
Sample solution:   1 mg/mL of acetaminophen prepared as follows. Triturate from contents

1S (NF32)
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of the Capsules in methanol. Filter, and use the clear filtrate.
Chromatographic system 

Developing solvent system:  Methylene chloride and methanol (4:1)
Acceptance criteria:  Meet the requirements

ASSAY
•  Procedure

Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Weigh the contents of NLT 20 Capsules, and calculate the

average weight of the contents of each Capsule. Mix the combined contents of the
Capsules, and transfer a portion, equivalent to 100 mg of acetaminophen, to a 200-mL
volumetric flask. Add 100 mL of Mobile phase, shake by mechanical means for 10 min, and
dilute with Mobile phase to volume. Transfer 5.0 mL of this solution to a 250-mL
volumetric flask, and dilute with Mobile phase to volume. Pass a portion of this solution
through a filter of 0.5-µm or finer pore size, discarding the first 10 mL of the filtrate.

Sample solution:  Nominally 0.01 mg/mL of acetaminophen from the Sample stock solution
in Mobile phase. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS
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•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  45 min
Standard solution:  A known concentration of USP Acetaminophen RS in Medium
Sample solution:  A filtered portion of the solution under test, suitably diluted with Medium

to obtain a concentration similar to that of the Standard solution
Instrumental conditions 

Mode:  UV
Analytical wavelength:  249 nm

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) dissolved.
Tolerances:  NLT 75% (Q) of the labeled amount of acetaminophen (C8H9NO2) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meet the
requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen Oral Solution, USP 36 page 2293. See the Briefing under Acetaminophen
Capsules.

(SM2: C. Anthony.)
Correspondence Number—C127999; C127104

Comment deadline: July 31, 2013
Acetaminophen Oral Solution

DEFINITION

Acetaminophen Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

1S (USP37)
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•  B. Thin-Layer Chromatographic Identification Test 201
Sample solution:  Nominally 1 mg/mL of acetaminophen in methanol from the Oral Solution
Chromatographic system 

Developing solvent system:  Methylene chloride and methanol (4:1)
Acceptance criteria:  Meets the requirements

ASSAY
•  Procedure

Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Nominally 2 mg/mL in Mobile phase, prepared as follows. Transfer

500 mg of acetaminophen from a measured volume of Oral Solution to a 250-mL volumetric
flask, and dilute with Mobile phase to volume.

Sample solution:  Nominally 0.01 mg/mL of acetaminophen in Mobile phase from the Sample
stock solution. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate. Use the clear filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Deliverable Volume 698 : Meets the requirements for oral solutions packaged in multiple-
unit containers

•  Uniformity of Dosage Units 905 : Meets the requirements for oral solutions packaged in
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single-unit containers

IMPURITIES

Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meets the
requirements 

SPECIFIC TESTS

•  pH 791 : 3.8–6.1

•  Alcohol Determination, Method II 611  (if present)
Analysis:  Determine by the gas–liquid chromatographic procedure, using acetone as the

internal standard.
Acceptance criteria:  90.0%–115.0% of the labeled amount of alcohol (C2H5OH)

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen for Effervescent Oral Solution, USP 36 page 2294. See the Briefing under
Acetaminophen Capsules.

(SM2: C. Anthony.)
Correspondence Number—C128006; C127104

Comment deadline: July 31, 2013
Acetaminophen for Effervescent Oral Solution

DEFINITION

Acetaminophen for Effervescent Oral Solution contains, in each 100 g, NLT 5.63 g and NMT
6.88 g of acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. A 10-g portion dissolves, with effervescence, in water when dissolved as directed for the

Sample solution in the Assay.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  C. Thin-Layer Chromatographic Identification Test 201
Sample solution:  Triturate 0.4 g of the powder with 25 mL of methanol, and filter.
Chromatographic system 

Developing solvent system:  Methylene chloride and methanol (4:1)
Acceptance criteria:  Meets the requirements

1S (USP37)
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ASSAY
•  Procedure

Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Dissolve 10 g of Acetaminophen for Effervescent Oral Solution in

200 mL of water in a 1000-mL volumetric flask, using gentle heat if necessary, until
effervescence subsides, and then dilute with water to volume.

Sample solution:  Nominally 0.16 mg/mL of acetaminophen in Mobile phase from the Sample
stock solution. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in g, of acetaminophen (C8H9NO2) in 100 g of Acetaminophen for
Effervescent Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (1/F1) × L × F2

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
F1= conversion factor, 1000 mg/g
L= label claim (mg/unit)
F2= conversion factor, 100, based on the label claim of g of acetaminophen per 100 g of

sample
Acceptance criteria:  5.63–6.88 g

PERFORMANCE TESTS

•  Minimum Fill 755 : Meets the requirements for solids packaged in multiple-unit containers

•  Uniformity of Dosage Units 905 : Meets the requirements for solids packaged in single-
unit containers

IMPURITIES
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Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meets the
requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in air-tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen Suppositories, USP 36 page 2294. See the Briefing under Acetaminophen
Capsules.

(SM2: C. Anthony.)
Correspondence Number—C128008; C127104

Comment deadline: July 31, 2013
Acetaminophen Suppositories

DEFINITION

Acetaminophen Suppositories contain NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Thin-Layer Chromatographic Identification Test 201
Sample solution:  Transfer the equivalent of 20 mg of acetaminophen from a portion of

Suppositories to a beaker. Add 20 mL of methanol, and heat on a steam bath until melted.
Remove the beaker from the steam bath, allow to cool with occasional stirring, and filter.
Use the clear filtrate.

Chromatographic system 
Developing solvent system:  Methylene chloride and methanol (4:1)

Acceptance criteria:  Meet the requirements

ASSAY
•  Procedure

Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Nominally 0.5 mg/mL of acetaminophen prepared as follows. Tare a

small dish and a glass rod, place NLT 5 Suppositories in the dish, heat gently on a steam
bath until melted, stir, cool while stirring, and weigh. Transfer 100 mg of acetaminophen
from a weighed portion of the mass to a separator, add 30 mL of hexane, and dissolve.
Add 30 mL of water, shake gently, and allow the phases to separate. If an emulsion forms,
allow sufficient time for it to separate. Transfer the aqueous layer to a 200-mL volumetric

1S (USP37)
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flask, wash the hexane in the separator with three 30-mL portions of water, adding the
washings to the volumetric flask, and dilute with Mobile phase to volume.

Sample solution:  Nominally 0.01 mg/mL of acetaminophen in Mobile phase from the Sample
stock solution. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate. Use the clear filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Suppositories taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES

Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meet the
requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature or in a cool place.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen Oral Suspension, USP 36 page 2295. On the basis of the October 12, 2010
correspondence from the FDA to USP on the importance of monograph modernization and
the USP monograph modernization initiative, it is proposed to replace the Limit of 4-

1S (USP37)
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Aminophenol test in the Impurities section with a new procedure, based on general test

chapter 227  for monitoring 4-aminophenol in actaminophen-containing drug products.
The liquid chromatographic procedures in this test are based on analyses performed with the
Dionex Acclaim Mixed Mode WCX-1 brand of L## column. The proposed limit for this
formulation is based on input received by the USP Acetaminophen Expert Panel, which
reports to the Monographs—Small Molecules 2 Expert Committee, from the FDA and the
pharmaceutical industry. The other acetaminophen-related monographs that are
concurrently being revised to add the 4-aminophenol test are the following:

1. Acetaminophen Tablets
2. Acetaminophen Suppositories
3. Acetaminophen Oral Solution
4. Acetaminophen for Effervescent Oral Solution
5. Acetaminophen Capsules
6. Acetaminophen Extended-Release Tablets

(SM2: C. Anthony.)
Correspondence Number—C128024; C127104

Comment deadline: July 31, 2013
Acetaminophen Oral Suspension

DEFINITION

Acetaminophen Oral Suspension is a suspension of Acetaminophen in a suitable aqueous
vehicle. It contains NLT 90.0% and NMT 110.0% of the labeled amount of acetaminophen
(C8H9NO2).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Transfer a volume of Oral Suspension, equivalent to 240 mg of acetaminophen, to

a separator. Add 50 mL of ethyl acetate, and shake. Filter the ethyl acetate extract
through a funnel containing glass wool and 10 g of anhydrous sodium sulfate. Collect the
filtrate in a beaker, and evaporate on a steam bath to dryness. Dry the residue under
vacuum over silica gel.

Acceptance criteria:  The crystals so obtained meet the requirements.

ASSAY
•  Procedure

Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Nominally 0.5 mg/mL of acetaminophen prepared as follows.

Transfer 100 mg of acetaminophen from a volume of Oral Suspension, previously well
shaken, to a 200-mL volumetric flask. Add 100 mL of Mobile phase, and shake by
mechanical means for 10 min. Dilute with Mobile phase to volume.

Sample solution:  Nominally 0.01 mg/mL of acetaminophen from the Sample stock solution
in Mobile phase. Pass a portion of this solution through a filter of 0.5-µm pore size or finer,
discarding the first 10 mL of the filtrate. Use the clear filtrate.

Chromatographic system  

PF 39(3): May-Jun. 2013 207



(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements for oral suspensions packaged
in single-unit containers

•  Deliverable Volume 698 : Meets the requirements for oral suspensions packaged in
multiple-unit containers

IMPURITIES

Delete the following:
•  Limit of 4-Aminophenol

Solvent A: Methanol, formic acid, and water (75:2:425)
Mobile phase: 0.01 M sodium butanesulfonate in Solvent A
Standard solution: 24 µg/mL of USP 4-Aminophenol RS in Mobile phase
Sample solution: Equivalent to 4.8 mg/mL of acetaminophen from Oral Suspension in Mobile

phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm × 20-cm; 10-µm packing L1
Flow rate: 2.0 mL/min
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Injection volume: 20 µL
Analysis 

Samples: Standard solution and Sample solution
Acceptance criteria: The peak area for 4-aminophenol from the Sample solution is not

greater than the corresponding peak area from the Standard solution.

Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meets the
requirements 

SPECIFIC TESTS

•  pH 791 : 4.0–6.9

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Acetaminophen RS 
USP 4-Aminophenol RS 

BRIEFING

Acetaminophen Tablets, USP 36 page 2295. See the Briefing under Acetaminophen Capsules.

(SM2: C. Anthony.)
Correspondence Number—C128009; C127104

Comment deadline: July 31, 2013
Acetaminophen Tablets

DEFINITION

Acetaminophen Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Thin-Layer Chromatographic Identification Test 201
Sample solution:  Nominally 1 mg/mL of acetaminophen prepared as follows. Triturate 50

mg of acetaminophen from powdered Tablets in 50 mL of methanol, and filter. Use the
clear filtrate.

Chromatographic system 
Developing solvent system:  Methylene chloride and methanol (4:1)

Acceptance criteria:  Meet the requirements

ASSAY
•  Procedure

1S (USP37)

1S (USP37)
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Mobile phase:  Methanol and water (1:3)
Standard solution:  0.01 mg/mL of USP Acetaminophen RS in Mobile phase
Sample stock solution:  Nominally 0.5 mg/mL of acetaminophen prepared as follows.

Weigh, and finely powder NLT 20 Tablets. Transfer 100 mg of acetaminophen from a
portion of powdered Tablets to a 200-mL volumetric flask, add 100 mL of Mobile phase,
shake by mechanical means for 10 min, sonicate for 5 min, and dilute with Mobile phase to
volume.

Sample solution:  Nominally 0.01 mg/mL of acetaminophen in Mobile phase from the Sample
stock solution. Pass a portion of this solution through a filter of 0.5-µm or finer pore size,
discarding the first 10 mL of the filtrate. Use the clear filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 243 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  pH 5.8 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer

Solutions); 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Standard solution:  A known concentration of USP Acetaminophen RS in Medium
Sample solution:  A filtered portion of the solution under test, suitability diluted with

Medium to obtain a concentration similar to that of the Standard solution
Instrumental conditions 
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Mode:  UV
Analytical wavelength:  Maximum absorbance at about 243 nm

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) dissolved.
Tolerances:  NLT 80% (Q) of the labeled amount of acetaminophen (C8H9NO2) is dissolved.
For Tablets labeled as chewable 

Medium:  pH 5.8 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL

Apparatus 2:  75 rpm
Time:  45 min
Standard solution, Sample solution, Instrumental conditions, and Analysis:  Proceed

as directed above.
Tolerances:  NLT 75% (Q) of the labeled amount of acetaminophen (C8H9NO2 ) is

dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:

•  4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meet the
requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.
•  Labeling: Label Tablets that must be chewed to indicate that they are to be chewed before

swallowing.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen Extended-Release Tablets, USP 36 page 2296. See the Briefing under
Acetaminophen Capsules.

(SM2: C. Anthony.)
Correspondence Number—C128010; C127104

Comment deadline: July 31, 2013
Acetaminophen Extended-Release Tablets

DEFINITION

Acetaminophen Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of acetaminophen (C8H9NO2).

IDENTIFICATION

1S (USP37)
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•  A. Infrared Absorption 197K
Sample:  A portion of powdered Tablets
Acceptance criteria:  Meet the requirements

•  B. The retention time of the Sample solution corresponds to that of the Standard solution,
as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  Phosphoric acid and water (1:9)
Mobile phase:  Methanol, Solution A, and water (300:1:700)
Standard solution:  0.65 mg/mL of USP Acetaminophen RS in Mobile phase. Prepare by first

dissolving in methanol, and then diluting with Mobile phase to volume.
Sample stock solution:  Transfer 10 Tablets to a 250-mL volumetric flask containing 50 mL

of water and a magnetic stir bar. Stir for at least 30 min or until the coating has
dissolved. Add 150 mL of methanol, and stir for 45 min. Tablet cores should be
disintegrated at least 15 min before ending the stirring. Remove the magnetic stir bar, and
rinse into the flask with methanol. Dilute with methanol to volume, and centrifuge. Use the
clear supernatant.

Sample solution:  Dilute 5 mL of the Sample stock solution with Mobile phase to 200 mL.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 295 nm
Column:  3.9-mm × 15-cm; packing L1
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 3.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 
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Medium:  Simulated gastric fluid TS (without enzyme); 900 mL
Apparatus 2:  50 rpm
Times:  15 min, 1 h, and 3 h
Standard solution:  A known concentration of USP Acetaminophen RS in Medium
Sample solution:  A filtered portion of the solution under test, suitably diluted with

Medium to obtain a concentration similar to that of the Standard solution
Instrumental conditions 

Mode:  UV
Analytical wavelength:  280 nm

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2)
dissolved.

Tolerances:  See Table 1.

Table 1

Time Amount Dissolved

15 min 45%–65%
1 h 60%–85%
3 h NLT 85%

The percentages of the labeled amount of acetaminophen (C8H9NO2) dissolved at the

times specified conform to Acceptance Table 2 in 711 .
For gelatin-coated Tablets 

Medium, Apparatus, Standard solution, Sample solution, Instrumental conditions,
and Analysis:  Proceed as directed in Test 1.

Times:  30 min, 90 min, and 4 h
Tolerances:  See Table 2.

Table 2

Time Amount Dissolved

30 min 40%–60%
90 min 55%–85%

4 h NLT 80%
The percentages of the labeled amount of acetaminophen (C8H9NO2) dissolved at the

times specified conform to Acceptance Table 2 in 711 .
Test 2:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 2.
Medium, Apparatus, Standard solution, Sample solution, Instrumental conditions,

and Analysis:  Proceed as directed in Test 1.
Times:  15 min, 1 h, and 3 h
Tolerances:  See Table 3.

Table 3

Time Amount Dissolved

15 min 40%–60%
1 h 55%–75%
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3 h NLT 80%

The percentages of the labeled amount of acetaminophen (C8H9NO2) dissolved at the

times specified conform to Acceptance Table 2 in 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:

•   4-Aminophenol in Acetaminophen-Containing Drug Products 227 : Meet the
requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Where the Tablets are gelatin-coated, the label so states. When more than one

Dissolution test is given, the labeling states the Dissolution test used only if Test 1 is not
used.

•  USP Reference Standards 11
USP Acetaminophen RS 

BRIEFING

Acetaminophen and Tramadol Hydrochloride Tablets, USP 36 page 2324. On the basis of
comments received, it is proposed to change the title for “Acetaminophen and Tramadol
Hydrochloride Tablets” to “Tramadol Hydrochloride and Acetaminophen Tablets”. This title
change is proposed for inclusion in the First Supplement to USP 37–NF 32, with an official
date of August 1, 2014. Use of the name Tramadol Hydrochloride and Acetaminophen
Tablets will be permitted as of August 1, 2014, however its use will not be mandatory until
February 1, 2017. The 30-month extension will provide the time deemed necessary for
labeling changes to be made for the article, as well as for practitioners, consumers, and
regulatory agencies to become familiar with the new Title. Additionally, editorial changes
have been made as part of the USP monograph redesign initiative.

(SM2: C. Anthony.)
Correspondence Number—C126900

Comment deadline: July 31, 2013

Change to read:
Acetaminophen and Tramadol Hydrochloride Tablets

Tramadol Hydrochloride and Acetaminophen Tablets

(Title for this monograph—not to change until February 1, 2017) 
(Prior to February 1, 2017, the current practice of labeling the article of commerce with
the name Acetaminophen and Tramadol Hydrochloride Tablets may be continued. Use of
the name Tramadol Hydrochloride and Acetaminophen Tablets will be permitted as of
August 1, 2014, but the use of this name will not be mandatory until February 1, 2017.
The 30-month extension will provide the time needed by manufacturers and users to
make necessary changes.)

1S (USP37)

1S (USP37)
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DEFINITION

Change to read:

Acetaminophen and Tramadol Hydrochloride Tablets
Tramadol Hydrochloride and Acetaminophen Tablets

contain NLT 90.0% and NMT 110.0% of the labeled amount of tramadol hydrochloride
(C16H25NO2·HCl) and acetaminophen (C8H9NO2).

IDENTIFICATION
•  A. The retention times of the Tramadol sample solution and the Acetaminophen sample

solution correspond to those of the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Tetrahydrofuran, triethylamine, water, and trifluoroacetic acid (8: 0.1: 92:
0.1).The apparent pH of the final solvent mixture should be between 2.2 and 2.4.

Diluent:  Methanol and water (1:9)
Standard solution:  0.065 mg/mL of USP Acetaminophen RS and 0.075 mg/mL of USP

Tramadol Hydrochloride RS in Diluent. Sonication may be used to aid dissolution.
Sample stock solution:  Weigh NLT 20 Tablets, and determine the average Tablet weight.

Grind the Tablets into a fine powder, and transfer an amount equivalent to one Tablet to
a 50-mL volumetric flask. Add 30 mL of Diluent with continuous shaking to disperse the
powder. Sonicate for 15 min with intermittent shaking, and shake the flask on a
mechanical shaker for 30 min. Dilute with Diluent to volume, and mix well. Centrifuge the
suspension, and use the supernatant for subsequent dilutions.

Tramadol sample solution:  Nominally, 75 µg/mL of tramadol hydrochloride in Diluent from
the Sample stock solution

Acetaminophen sample solution:  Nominally, 65 µg/mL of acetaminophen in Diluent from
the Sample stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 216 nm for tramadol hydrochloride and UV 249 nm for acetaminophen
Column:  4.6-mm × 15-cm; 5-µm packing L11

Column temperature:  50
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  4 times the retention time of acetaminophen

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 10.0 between acetaminophen and tramadol
Column efficiency:  NLT 2000 theoretical plates for each analyte
Tailing factor:  NMT 2.0 for each analyte
Relative standard deviation:  NMT 2.0% for each analyte

Analysis 

1S (USP37)
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Samples:  Standard solution, Tramadol sample solution, and Acetaminophen sample
solution

Calculate the percentage of the labeled amount of tramadol hydrochloride
(C16H25NO2·HCl) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of tramadol from the Tramadol sample solution
rS= peak response of tramadol from the Standard solution
CS= concentration of USP Tramadol Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of tramadol hydrochloride in the Tramadol sample solution

(mg/mL)

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of acetaminophen from the Acetaminophen sample solution
rS= peak response of acetaminophen from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Acetaminophen sample solution (mg/mL)
Acceptance criteria:  NLT 90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Buffer solution:  6.8 mg/mL of monobasic potassium phosphate in water. Adjust with

phosphoric acid to a pH of 2.50.
Mobile phase:  Acetonitrile and Buffer solution (1:4)
Standard solution:  0.36 mg/mL of USP Acetaminophen RS and 0.04 mg/mL of USP

Tramadol Hydrochloride RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 272 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  25
Flow rate:  1 mL/min
Injection volume:  25 µL
Run time:  2 times the retention time of tramadol

System suitability 
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Sample:  Standard solution
[Note—The relative retention times for acetaminophen and tramadol are about 0.5 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 5.0 between the peaks for acetaminophen and tramadol
Relative standard deviation:  NMT 2.0% for both the acetaminophen and tramadol

peaks
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) and
tramadol hydrochloride (C16H25NO2·HCl) dissolved:

Result = (rU × CS × V × 100)/(rS × L)

rU= peak response of acetaminophen or tramadol from the Sample solution
CS= concentration of USP Acetaminophen RS or USP Tramadol Hydrochloride RS in the

Standard solution (mg/mL)
V= volume of Medium, 900 mL
rS= peak response of acetaminophen or tramadol from the Standard solution
L= label claim for acetaminophen or tramadol hydrochloride (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amounts of acetaminophen (C8H9NO2) and

tramadol hydrochloride (C16H25NO2·HCl) is dissolved.
Test 2:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 2.
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  20 min
Buffer solution, Mobile phase, Standard solution, Sample solution,

Chromatographic system, and Analysis:  Proceed as directed in Dissolution Test 1.
Tolerances:  NLT 80% (Q) of the labeled amounts of acetaminophen (C8H9NO2) and

tramadol hydrochloride (C16H25NO2·HCl) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

OTHER COMPONENTS

Change to read:
•  Limit of p-Aminophenol 

All Standards, the Sample solution, and the Blank solution must be mixed with the Basic
ferricyanide solution and analyzed as soon as possible after a 30-min waiting period.

Diluent:  Methanol and water (1:1)
Basic ferricyanide solution:  Dissolve 1 g of
sodium nitroferricyanide

and 1 g of anhydrous sodium carbonate in 100 mL of water.
Standard solution:  Dissolve USP p-Aminophenol RS in Diluent to obtain a solution having a

known concentration of 0.05 mg/mL. Sonicate if necessary to dissolve. Transfer 5 mL of
the resulting solution to a 100-mL volumetric flask, and add 50 mL of Diluent and 5 mL of
Basic ferricyanide solution. Dilute with Diluent to volume, and mix. Let stand for 30 min.

(ERR 1-May-2012)
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Pass the solution through a nylon membrane filter of 0.45-µm pore size, and use the
filtrate.

Sample solution:  Weigh NLT 20 Tablets. Grind the Tablets into a fine powder. Accurately
transfer an amount of powder, equivalent to about 5 g of acetaminophen based on the
label claim, to a 100-mL volumetric flask. Add 50 mL of Diluent, and sonicate for 15 min
with intermittent shaking, followed by mechanical shaking for 30 min. Add 6 mL of Basic
ferricyanide solution. Dilute with Diluent to volume, mix, and let stand for 30 min.
Centrifuge a portion of the solution, pass the clear supernatant through a nylon membrane
filter of 0.45-µm pore size, and use the filtrate for analysis.

Blank solution:  Add 50 mL of Diluent to a 100-mL volumetric flask. Add 5 mL of Basic
ferricyanide solution. Dilute with Diluent to volume, and let stand for 30 min. Pass a
portion of the solution through a nylon membrane filter of 0.45-µm pore size, and use the
filtrate for analysis.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  710 nm
Cell:  1 cm

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 6.0%. The percent difference between the initial
and final absorbance readings of the Standard solution differs by NMT 10%.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of p-aminophenol (C6H7NO) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP p-Aminophenol RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.01%

IMPURITIES
•  Organic Impurities

Mobile phase, Diluent, and Sample stock solution:  Proceed as directed in the Assay.
Standard solution:  0.75 µg/mL each of USP Tramadol Hydrochloride RS and USP Tramadol

Related Compound A RS in Diluent
Sample solution:  Pass a suitable volume of Sample stock solution through a nylon

membrane filter of 0.45-µm pore size. Use the filtrate after discarding the first 4 mL of
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  216 nm
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Column:  4.6-mm × 15-cm; 5-µm packing L11

Column temperature:  50
Flow rate:  1 mL/min
Injection volume:  30 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between tramadol related compound A and tramadol hydrochloride
Column efficiency:  NLT 2000 theoretical plates for tramadol hydrochloride
Relative standard deviation:  NMT 6.0% for tramadol hydrochloride

Analysis 
Samples:  Diluent, Standard solution, and Sample solution. Disregard the peaks due to

the Diluent.

Calculate the percentage of each known and unknown impurity in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of tramadol from the Standard solution
CS= concentration of USP Tramadol Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of tramadol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

O-Desmethyl-tramadola 0.60 0.2
Tramadol related compound Ab 0.80 0.2
Tramadol 1.0 —
Acetaminophen 0.38 —
Any other individual, unspecified degradation product — 0.2
Total impurities — 0.8

a  3-{(1RS,2RS)-2-[(Dimethylamino)methyl]-1-hydroxycyclohexyl}phenol.
b  RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydrochloride.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Acetaminophen RS  

4¢-Hydroxyacetanilide.     
C8H9NO2      151.16
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USP p-Aminophenol RS  
4-Amino-1-hydroxybenzene.     
C6H7NO      109.13

USP Tramadol Hydrochloride RS  
(±)-cis-2-[(Dimethylamino)methyl]-1-(m-methoxyphenyl)cyclohexanol
hydrochloride.     
C16H25NO2·HCl      299.84

USP Tramadol Related Compound A RS  
RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydrochloride.    

Comment deadline: July 31, 2013
Tramadol Hydrochloride and Acetaminophen Tablets

Former title: Acetaminophen and Tramadol Hydrochloride Tablets 
(Title for this monograph—not to change until February 1, 2017) 
(Prior to February 1, 2017, the current practice of labeling the article of commerce with
the name Acetaminophen and Tramadol Hydrochloride Tablets may be continued. Use of
the name Tramadol Hydrochloride and Acetaminophen Tablets will be permitted as of
August 1, 2014, but the use of this name will not be mandatory until February 1, 2017.
The 30-month extension will provide the time needed by manufacturers and users to
make necessary changes.)

DEFINITION

Acetaminophen and Tramadol Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of acetaminophen (C8H9NO2) and tramadol hydrochloride (C16H25NO2·HCl).

IDENTIFICATION
•  The retention time of the major peaks in the Tramadol sample solution and the
Acetaminophen sample solution corresponds to those of the Standard solution, as obtained in
the Assay.

ASSAY
•  Procedure

Mobile phase:  Tetrahydrofuran, triethylamine, water, and trifluoroacetic acid
(8:0.1:92:0.1). [Note—The apparent pH of the final solvent mixture should be between
2.2 and 2.4.]

Diluent:  Methanol and water (1:9)
Standard solution:  0.065 mg/mL of USP Acetaminophen RS and 0.075 mg/mL of USP

Tramadol Hydrochloride RS in Diluent. [Note—Sonication may be used to aid dissolution.]
Sample stock solution:  Weigh NLT 20 Tablets, and determine the average Tablet weight.

Grind the Tablets into a fine powder, and transfer an amount equivalent to one Tablet to
a 50-mL volumetric flask. Add 30 mL of Diluent with continuous shaking to disperse the
powder. Sonicate for 15 min with intermittent shaking, and shake the flask on a
mechanical shaker for 30 min. Dilute with Diluent to volume, and mix well. Centrifuge the
suspension, and use the supernatant for subsequent dilutions.

Tramadol sample solution:  75 µg/mL of tramadol hydrochloride in Diluent from the Sample
stock solution
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Acetaminophen sample solution:  65 µg/mL of acetaminophen in Diluent from the Sample
stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  216 nm for tramadol hydrochloride and 249 nm for acetaminophen
Column:  4.6-mm × 15-cm; 5-µm packing L11

Column temperature:  50
Flow rate:  1.0 mL/min
Injection size:  20 µL
Run time:  Four times the retention time of acetaminophen

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 10.0 between acetaminophen and tramadol hydrochloride
Column efficiency:  NLT 2000 theoretical plates for each analyte
Tailing factor:  NMT 2.0 for each analyte
Relative standard deviation:  NMT 2.0% for each analyte

Analysis 
Samples:  Standard solution, Tramadol sample solution, and Acetaminophen sample

solution

Calculate the percentage of the labeled amount of tramadol hydrochloride (Cl6H25NO2·HCl)
in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Tramadol sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tramadol Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of tramadol hydrochloride in the Tramadol sample solution

(mg/mL)

Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Acetaminophen sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Acetaminophen sample solution (mg/mL)
Acceptance criteria:  NLT 90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 
Medium:  0.1 N hydrochloric acid; 900 mL
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Apparatus 2:  50 rpm
Time:  30 min
Standard solution:  0.36 mg/mL of USP Acetaminophen RS and 0.04 mg/mL of USP

Tramadol Hydrochloride RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter of

0.45-µm pore size.
Buffer solution:  6.8 mg/mL of monobasic potassium phosphate in water. Adjust with

phosphoric acid to a pH of 2.50.
Mobile phase:  Acetonitrile and Buffer solution (1:4)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 272 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  25
Flow rate:  1.0 mL/min
Injection size:  25 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for acetaminophen and tramadol hydrochloride are

about 0.5 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 5.0 between the peaks for acetaminophen and tramadol hydrochloride
Relative standard deviation:  NMT 2.0% for both the acetaminophen and tramadol

hydrochloride peaks
Analysis 

Samples:  Standard solution and Sample solution

Record the chromatograms for two times the retention time of tramadol hydrochloride.
Calculate the percentage of the labeled amount of acetaminophen (C8H9NO2) and
tramadol hydrochloride (Cl6H25NO2·HCl) dissolved:

Result = (rU × CS × V × 100)/(rS × L)

rU= peak response of acetaminophen or tramadol hydrochloride from the Sample solution
CS= concentration of USP Acetaminophen RS or USP Tramadol Hydrochloride RS in the

Standard solution (mg/mL)
V= volume of Medium, 900 mL
rS= peak response of acetaminophen or tramadol hydrochloride from the Standard solution
L= label claim for acetaminophen or tramadol hydrochloride (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amounts of acetaminophen and tramadol

hydrochloride is dissolved.
Test 2:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 2.
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  20 min
Standard solution, Sample solution, Buffer solution, Mobile phase,
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Chromatographic system, and Analysis:  Proceed as directed in Dissolution Test 1.
Tolerances:  NLT 80% (Q) of the labeled amounts of acetaminophen and tramadol

hydrochloride is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

OTHER COMPONENTS

Change to read:
•  Limit of p-Aminophenol
[Note—All Standards, the Sample solution, and the Blank solution must be mixed with the Basic

ferricyanide solution and analyzed as soon as possible after a 30-min waiting period.]
Diluent:  Methanol and water (1:1)
Basic ferricyanide solution:  Dissolve 1 g of
sodium nitroferricyanide

and 1 g of anhydrous sodium carbonate in 100 mL of water.
Standard solution:  Dissolve USP p-Aminophenol RS in Diluent to obtain a solution having a

known concentration of 0.05 mg/mL. Sonicate if necessary to dissolve. Transfer 5 mL of
the resulting solution to a 100-mL volumetric flask, and add 50 mL of Diluent and 5 mL of
Basic ferricyanide solution. Dilute with Diluent to volume, and mix. Let stand for 30 min.
Pass the solution through a nylon membrane filter of 0.45-µm pore size, and use the
filtrate.

Sample solution:  Weigh NLT 20 Tablets. Grind the Tablets into a fine powder. Accurately
transfer an amount of powder, equivalent to about 5 g of acetaminophen based on the
label claim, to a 100-mL volumetric flask. Add 50 mL of Diluent, and sonicate for 15 min
with intermittent shaking, followed by mechanical shaking for 30 min. Add 6 mL of Basic
ferricyanide solution. Dilute with Diluent to volume, mix, and let stand for 30 min.
Centrifuge a portion of the solution, and pass the clear supernatant through a nylon
membrane filter of 0.45-µm pore size, and use the filtrate for analysis.

Blank solution:  Add 50 mL of Diluent to a 100-mL volumetric flask. Add 5 mL of Basic
ferricyanide solution. Dilute with Diluent to volume, and let stand for 30 min. Pass a
portion of the solution through a nylon membrane filter of 0.45-µm pore size, and use the
filtrate for analysis.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  710 nm
Cell:  1 cm

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 6.0%
[Note—The percent difference between the initial and final absorbance readings of the

Standard solution differs by NMT 10%.]
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of p-aminophenol in the portion of Tablets taken:

(ERR 1-May-2012)
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Result = (rU/rS) × (CS/CU) × 100

rU= absorbance from the Sample solution
rS= absorbance from the Standard solution
CS= concentration of USP p-Aminophenol RS in the Standard solution (mg/mL)
CU= nominal concentration of acetaminophen in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.01%

IMPURITIES
•  Organic Impurities

Mobile phase, Diluent, and Sample stock solution:  Proceed as directed in the Assay.
Standard solution:  0.75 µg/mL each of USP Tramadol Hydrochloride RS and USP Tramadol

Related Compound A RS in Diluent
Sample solution:  Pass a suitable volume of Sample stock solution through a nylon

membrane filter of 0.45-µm pore size. Use the filtrate after discarding the first 4 mL of
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  216 nm
Column:  4.6-mm × 15-cm; 5-µm packing L11

Column temperature:  50
Flow rate:  1.0 mL/min
Injection size:  30 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between tramadol related compound A and tramadol hydrochloride
Column efficiency:  NLT 2000 theoretical plates for tramadol hydrochloride
Relative standard deviation:  NMT 6.0% for tramadol hydrochloride

Analysis 
Samples:  Diluent, Standard solution, and Sample solution
[Note—Disregard the peaks due to the Diluent.]

Calculate the percentage of each known and unknown impurity in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of tramadol hydrochloride from the Standard solution
CS= concentration of USP Tramadol Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of tramadol hydrochloride in the Sample solution (µg/mL)
Acceptance criteria:  See Table 1.

Table 1
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Name

Relative
Retention

Time

Acceptance 
Criteria, 
NMT (%)

O-Desmethyl-tramadola 0.60 0.2
Tramadol related compound Ab 0.80 0.2
Tramadol hydrochloride 1.0 —
Acetaminophen 0.38 —
Any other individual unspecified degradation product — 0.2
Total impurities — 0.8

a  3-{(1RS,2RS)-2-[(Dimethylamino)methyl]-1-hydroxycyclohexyl}phenol.
b  (RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydrochloride.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Acetaminophen RS  

4¢-Hydroxyacetanilide.     
C8H9NO2      151.16

USP p-Aminophenol RS  
4-Amino-1-hydroxybenzene.     
C6H7NO      109.13

USP Tramadol Hydrochloride RS  
(±)-cis-2-[(Dimethylamino)methyl]-1-(m-methoxyphenyl)cyclohexanol
hydrochloride.     
C16H25NO2·HCl      299.84

USP Tramadol Related Compound A RS  
RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydrochloride.    

BRIEFING

Amantadine Hydrochloride, USP 36 page 2429. As part of the USP modernization effort, it is
proposed to replace the titration procedure in the Assay with a validated gas
chromatographic method based on the procedure in the test for Organic Impurities. The GC
procedure used in the Assay and in the test for Organic Impurities is based on analyses
performed with the fused-silica column coated with the 1.0-µm stationary phase Agilent DB-
5 brand of G27 column. In the Assay, the typical retention times for adamantane and
amantadine are about 7.5 and 9.7 min, respectively. The monograph is also reformatted to
be consistent with the most recent monograph redesign style.

(SM1: B. Davani, A. Martin-Esker.)
Correspondence Number—C120149

Comment deadline: July 31, 2013
Amantadine Hydrochloride
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C10H17N·HCl       187.71 

Tricyclo[3.3.1.13,7]decan-1-amine, hydrochloride;     
1-Adamantanamine hydrochloride     [665-66-7].

DEFINITION

Amantadine Hydrochloride contains NLT 98.5% and NMT 101.5% of amantadine hydrochloride
(C10H17N·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197S
Cell:  1 mm
Sample solution:  Add 50 mg to 10 mL of 0.1 N hydrochloric acid, and filter. Transfer the

filtrate to a suitable separator, add 1 mL of 5 N sodium hydroxide, and extract with 5 mL
of methylene chloride.

Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample:  Dissolve 120 mg of Amantadine Hydrochloride in a mixture of 30 mL of glacial
acetic acid and 10 mL of mercuric acetate TS.

Analysis:  Titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically, using suitable electrodes. Perform a blank determination. Each mL of
0.1 N perchloric acid is equivalent to 18.77 mg of amantadine hydrochloride
(C10H17N·HCl).

Acceptance criteria:  98.5%–101.5%
Internal standard solution:  1.0 mg/mL of adamantane in dimethylformamide
Diluent:  Internal standard solution
Standard solution:  1 mg/mL of USP Amantadine Hydrochloride RS in Diluent, prepared

as follows. To a suitable quantity of Standard in the flask, add 90% of the flask volume
of Diluent, and shake for 15 min before diluting with Diluent to volume.

Sample solution:  1 mg/mL of Amantadine Hydrochloride, prepared as follows. To a
suitable quantity of sample in the flask, add 90% of the flask volume of Diluent, and
shake for 15 min before diluting with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused-silica; coated with 1.0-µm G27 stationary phase
Temperatures 

Detector:  300

Injection port:  220
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

100 0 100 3
100 10 250 7

Carrier gas:  Helium
Flow rate:  4 mL/min
Injection volume:  2 µL
Split flow ratio:  20:1

System suitability 
Sample:  Standard solution
[Note—The relative retention times for adamantane and amantadine are about 1.0 and

1.3, respectively.]
Suitability requirements 

Tailing factor:  NMT 2.0 for the amantadine peak
Relative standard deviation:  NMT 0.73% determined from the peak response ratios

of amantadine to adamantane
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of amantadine hydrochloride (C10H17N·HCl) in the portion of
Amantadine Hydrochloride taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of amantadine to adamantane from the Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
CS= concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Amantadine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.5%–101.5%

IMPURITIES

•  Heavy Metals, Method I 231
Test preparation:  Use 1 mL of 1 N acetic acid.
Acceptance criteria:  NMT 10 ppm

Change to read:
•  Organic Impurities

Internal standard solution:  50 mg/mL of adamantane in dichloromethane

1S (USP37)
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Standard solution:  Transfer 10 mg of USP Amantadine Hydrochloride RS to a separator.
Add 20 mL of 5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10 min.
Remove the water layer, dry the organic layer by swirling with anhydrous sodium sulfate,
and allow to stand for a few min to ensure that all remaining water has been removed.
Filter, collect the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal standard
solution, and dilute with dichloromethane to volume.

Sample solution:  Transfer 1.0 g of Amantadine Hydrochloride to a separator. Add 20 mL of
5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10 min. Remove the
water layer, dry the organic layer by swirling with anhydrous sodium sulfate, and allow to
stand for a few min to ensure that all remaining water has been removed. Filter, collect
the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal standard solution, and
dilute with dichloromethane to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused-silica; coated with 1.0-µm G27 stationary phase
Temperatures 

Detector:  300

Injection port:  220
Column:  See Table 1
Table 2.

Table 1
2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

70 0 70 5
70 10 250 At least 17

Carrier gas:  Helium
Flow rate:  4 mL/min
Injection volume:  2 µL
Injection type 

Split flow:  200 mL/min
Split flow ratio:  50:1

System suitability 
Sample:  Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 20 between adamantane and amantadine
Relative standard deviation:  NMT 5.0% determined from the peak response ratios of

amantadine to adamantane
Analysis 

Samples:  Standard solution and Sample solution

1S (USP37)

1S (USP37)
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Calculate the percentage of each impurity in the portion of Amantadine Hydrochloride
(C10H17N·HCl) taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of each impurity to adamantane from the Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
CS= concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Amantadine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities:  NMT 0.3%
Total impurities:  NMT 1.0%

SPECIFIC TESTS

•  pH 791
Sample solution:  0.2 g/mL in water
Acceptance criteria:  3.0–5.5

•  Clarity and Color of Solution
Sample solution:  Dissolve 2 g in 10 mL of water.
Acceptance criteria:  Solution is clear and nearly colorless.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Amantadine Hydrochloride RS 

BRIEFING

Argatroban. Because there is no existing USP monograph for this drug substance, a new
monograph based on the validated test methods is proposed. The liquid chromatographic
procedures in the Assay and the tests for Organic Impurities, Content of Argatroban Related
Compound C, and Content of Stereoisomers are proposed based on analysis performed with
the Inertsil ODS-3 brand of L1 column. The typical retention times for (R)-argatroban and
(S)-argatroban are about 31 and 32 min based on conditions specified for the Assay and
test for Organic Impurities. The typical retention times for (R)-argatroban and (S)-
argatroban are about 66 and 71 min based on conditions specified for Content of Argatroban
Related Compound C. The typical retention times for (R)-argatroban and (S)-argatroban are
about 49 and 52 min based on conditions specified for Content of Stereoisomers.

(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C97828

Comment deadline: July 31, 2013

Add the following:
Argatroban
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C23H36N6O5S·H2O       526.65 

2-Piperidinecarboxylic acid, 1-[(S)-5-[(aminoiminomethyl)amino]-1-oxo-2-{[(1,2,3,4-
tetrahydro-3-methyl-8-quinolinyl)sulfonyl]amino}pentyl]-4-methyl-, (2R,4R)-monohydrate;     
(2R,4R)-4-Methyl-1-{N2-[(1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-arginyl}pipecolic
acid, monohydrate     [141396-28-3].

DEFINITION

Argatroban contains NLT 98.0% and NMT 102.0% of argatroban (C23H36N6O5S), calculated on
the anhydrous and solvent-free basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

[Note—It is suggested to keep all solutions containing argatroban at 4 .]
Solution A:  10 mM ammonium acetate and 5 mM sodium 1-heptanesulfonate
Solution B:  Acetonitrile and methanol (500:300)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 60 40
20 60 40
35 50 50
50 20 80
60 20 80

60.1 60 40
72.1 60 40

Standard solution:  4 mg/mL of USP Argatroban RS in methanol
Sample solution:  4 mg/mL of Argatroban in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 259 nm
Column:  4.6-mm × 25-cm; 3-µm packing L1
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Temperatures 

Column:  50

Autosampler:  4
Flow rate:  0.6 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:   NMT 2.0% for the sum of the peak responses of (R)-
argatroban and (S)-argatroban

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of argatroban (C23H36N6O5S) in the portion of the sample
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= sum of the peak responses of (R)-argatroban and (S)-argatroban from the Sample
solution

rS= sum of the peak responses of (R)-argatroban and (S)-argatroban of USP Argatroban RS
from the Standard solution

CS= concentration of USP Argatroban RS in Standard solution (mg/mL)
CU= concentration of Argatroban in Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% of argatroban (C23H36N6O5S) on the anhydrous and

solvent-free basis

IMPURITIES

•  Heavy metals, Method II 231 : NMT 20 ppm

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

[Note—It is suggested to keep all solutions containing argatroban at 4 .]
Mobile phase, Sample solution, and Chromatographic system:  Proceed as directed in

the Assay.
Sensitivity solution:  2 µg/mL of USP Argatroban RS in methanol
Standard solution:  4 µg/mL each of USP Argatroban RS, USP Argatroban Related

Compound A RS, and USP Argatroban Related Compound B RS in methanol
System suitability 

Samples:  Sensitivity solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between (R)-argatroban and (S)-argatroban, Standard solution
Signal-to-noise ratio:  NLT 10 for (R)-argatroban, Sensitivity solution
Relative standard deviation:  NMT 5% for argatroban (sum of the peak responses of

(R)-argatroban and (S)-argatroban), argatroban related compound A, and argatroban
related compound B; Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of argatroban related compound A and argatroban related
compound B in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of argatroban related compound A or argatroban related compound B
from the Sample solution

rS= peak response of argatroban related compound A or argatroban related compound B
from the Standard solution

CS= concentration of USP Argatroban Related compound A RS or USP Argatroban Related
compound B RS in the Standard solution (mg/mL)

CU= concentration of Argatroban in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of the sample
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= sum of the peak responses of (R)-argatroban and (S)-argatroban from the Standard

solution
CS= concentration of USP Argatroban RS in the Standard solution (mg/mL)
CU= concentration of Argatroban in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria, 
NMT (%)

Argatroban related compound Aa 0.23 0.15

Argatroban related compound Bb 0.39 0.15

(R)-Argatrobanc 1.00 —

(S)-Argatroband 1.03 —

Any other individual impurity — 0.10
Total impuritiese — 1.5

a  (2R,4R)-1-[N8-Nitro-N2-(3-methylquinoline-8-sulfonyl)-l-arginyl]-4-methylpiperidine-2-
carboxylic acid.

b  Ethyl (2R,4R)-1-[N8-nitro-l-arginyl]-4-methylpiperidine-2-carboxylate hydrochloride.
c  (2R,4R)-4-Methyl-1-{N2-[((R)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-

arginyl}pipecolic acid.
d  (2R,4R)-4-Methyl-1-{N2-[((S)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-

arginyl}pipecolic acid.
e  Include argatroban related compound C (see Content of Argatroban Related Compound

C); Disregard any peaks below 0.05%.
•  Content of Argatroban Related Compound C

[Note—It is suggested to keep all solutions containing argatroban at 4 .]
Buffer:  10 mM ammonium acetate and 5 mM sodium 1-heptanesulfonate
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Solution A:   Acetonitrile, absolute alcohol, and Buffer (80:240:680)
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Acetonitrile
(%)

0 100 0
70 100 0
71 30 70
91 30 70
92 100 0
102 100 0

Sensitivity solution:  4 µg/mL of USP Argatroban Related Compound C RS in methanol
System suitability solution:  10 mg/mL of USP Argatroban RS and 0.1 mg/mL of USP

Related Compound C RS in methanol
Standard solution:  15 µg/mL of USP Related Compound C RS in methanol
Sample solution:  10 mg/mL of Argatroban in methanol
Chromatographic system:  Proceed as directed in the Assay.
System suitability 

Samples:  Sensitivity solution, System suitability solution, and Standard solution
Suitability requirements 

Resolution:  NLT 1.4 between argatroban related compound C and (R)-argatroban,
System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Relative standard deviation:  NMT 5% for argatroban related compound C, Standard

solution
Analysis 

Sample:  Sample solution

Calculate the percentage of argatroban related compound C in the portion of the sample
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of argatroban related compound C from the Sample solution
rS= peak response of argatroban related compound C from the Standard solution
CS= concentration of USP Argatroban Related compound C RS in the Standard solution

(mg/mL)
CU= concentration of Argatroban in the Sample solution (mg/mL)
Acceptance criteria:  See Table 4.

Table 4

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Argatroban related compound Ca 0.94 0.15
(R)-Argatrobanb 1.00 —
(S)-Argatrobanc 1.07 —
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a  (2R,4R)-1-[N8-Amino-N2-(3-methyl-1,2,3,4-tetrahydroquinoline-8-sulfonyl)-l-arginyl]-4-
methylpiperidine-2-carboxylic acid. 

b  (2R,4R)-4-Methyl-1-{N2-[((R)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-
arginyl}pipecolic acid.

c  (2R,4R)-4-Methyl-1-{N2-[((S)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-
arginyl}pipecolic acid.

•  Content of Stereoisomers

[Note—It is suggested to keep all solutions containing argatroban at 4 .]
Mobile phase:  Methanol and water (520:480)
Standard solution:  0.16 mg/mL of USP Argatroban RS in methanol
Sample solution:  0.16 mg/mL of Argatroban in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 259 nm
Column:  4.6-mm × 25-cm; 3-µm packing L1

Column temperature:  50
Flow rate:  0.6 mL/min
Injection volume:  10 µL
Run time:  NLT 1.4 times the retention time of (R)-argatroban

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between (R)- and (S)-argatroban
Relative standard deviation:  NMT 2.0% for (R)-argatroban and (S)-argatroban

Analysis 
Sample:  Sample solution

Calculate the percentage of (R)-argatroban and (S)-argatroban in the portion of the
sample taken:

Result = [(rU or rS)/(rU + rS)] × 100

rU= peak response of (R)-argatroban from the Sample solution
rS= peak response of (S)-argatroban from the Sample solution
Acceptance criteria:  See Table 5.

Table 5

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

(R)-Argatrobana 1.00 NLT 63% and NMT 67%
(S)-Argatrobanb 1.06 NLT 33% and NMT 37%

a  (2R,4R)-4-Methyl-1-{N2-[((R)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-
arginyl}pipecolic acid.

b  (2R,4R)-4-Methyl-1-{N2-[((S)-1,2,3,4-tetrahydro-3-methyl-8-quinolyl)sulfonyl]-l-
arginyl}pipecolic acid.
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SPECIFIC TESTS

•  Water Determination, Method Ia 921 : NLT 3.0% and NMT 6.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light resistant containers at control room

temperature.

•  USP Reference Standards 11
USP Argatroban RS
USP Argatroban Related Compound A RS 

(2R,4R)-1-[N8-Nitro-N2-(3-methylquinoline-8-sulfonyl)-l-arginyl]-4-methylpiperidine-2-
carboxylic acid.     
C23H31N7O7S       549.60

USP Argatroban Related Compound B RS 
Ethyl (2R,4R)-1-[N8-nitro-l-arginyl]-4-methylpiperidine-2-carboxylate hydrochloride.     
C15H28N6O5·HCl       408.88

USP Argatroban Related Compound C RS 
(2R,4R)-1-[N8-Amino-N2-(3-methyl-1,2,3,4-tetrahydroquinoline-8-sulfonyl)-l-arginyl]-
4-methylpiperidine-2-carboxylic acid.     
C23H37N7O5S      523.65

BRIEFING

Aspirin Delayed-Release Tablets, USP 36 page 2539. On the basis of comments received, it
is proposed to revise the Labeling section to omit the enteric-coating requirements. The
Nomenclature, Safety and Labeling Expert Committee supports the removal of the enteric-
coating requirement for delayed-release tablet dosage forms, thereby providing flexibility to
accommodate approved delayed-release products that do not utilize enteric-coatings.
Additionally, it is proposed to incorporate Tolerances, currently contained as the default

values in general chapter 711  into the test for Dissolution.

(SM1: C. Anthony, M. Puderbaugh. NSL: A. Wilk.)
Correspondence Number—C127948

Comment deadline: July 31, 2013
Aspirin Delayed-Release Tablets

DEFINITION

Aspirin Delayed-Release Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
aspirin (C9H8O4).

IDENTIFICATION
•  A. Procedure

Sample:  1 Tablet
Analysis:  Crush and boil the Sample with 50 mL of water for 5 min, cool, and add 1 or 2

drops of ferric chloride TS.
Acceptance criteria:  A violet-red color is produced.

1S (USP37)
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•  B. Infrared Absorption 197K
Sample:  Shake a quantity of finely powdered Tablets, equivalent to 500 mg of aspirin, with

10 mL of alcohol for several min. Centrifuge the mixture. Pour off the clear supernatant,

and evaporate it to dryness. Dry the residue under vacuum at 60  for 1 h.
Acceptance criteria:  Meet the requirements

ASSAY
•  Procedure

Mobile phase:  2 g/L of sodium 1-heptanesulfonate in acetonitrile and water (15:85).
Adjust with glacial acetic acid to a pH of 3.4.

Diluent:  Acetonitrile and formic acid (99:1)
Standard solution:  0.5 mg/mL of USP Aspirin RS in Diluent
Sample stock solution:  Transfer an equivalent to 100 mg of aspirin, from NLT 20 finely

powdered Tablets, to a suitable container. Add 20.0 mL of Diluent and 10 glass beads.
Shake vigorously for 10 min, and centrifuge.

Sample solution:  Dilute a volume of the Sample stock solution with 9 volumes of Diluent.
[Note—Retain the remaining portion of stock solution for the test for Limit of Free Salicylic
Acid.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.0-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of aspirin (C9H8O4) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Aspirin RS in the Standard solution (mg/mL)
CU= nominal concentration of aspirin in the Sample solution (mg/mL)
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

PF 39(3): May-Jun. 2013 236



•  Dissolution 711 : Proceed as directed for Procedure for Method B in Procedure,
Apparatus 1 and Apparatus 2, Delayed-Release Dosage Forms.

Apparatus 1:  100 rpm
Times 

Acid stage:  2 h
Buffer stage:  90 min

Diluent:  0.1 N hydrochloric acid and 0.20 M tribasic sodium phosphate (3:1). Adjust, if
necessary, with 2 N hydrochloric acid or 2 N sodium hydroxide to a pH of 6.8 ± 0.05.

Standard solution:  USP Aspirin RS of a known concentration in Medium
Sample solution:  Filtered portion of the solution under test, diluted, if necessary, with 0.1

N hydrochloric acid (analyzing the Acid stage) and with Diluent (analyzing the Buffer
stage)

Analysis 
Samples:  Standard solution and Sample solution

Determine the quantity of aspirin (C9H8O4) dissolved by determining UV absorbances at
the wavelength of the isosbestic point of aspirin and salicylic acid (about 280 nm in the
Acid stage, and about 265 nm in the Buffer stage) of the Sample solution in comparison to
the Standard solution.

Tolerances 
Acid stage:  NMT 10% (Q) of the labeled amount of aspirin (C9H8O4) is dissolved.
Buffer stage:  NLT 75% (Q) of the labeled amount of aspirin (C9H8O4) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Limit of Free Salicylic Acid

Mobile phase, Diluent, and Chromatographic system:  Prepare as directed in the Assay.
Standard solution:  0.015 mg/mL of USP Salicylic Acid RS and 0.5 mg/mL of USP Aspirin RS

in Diluent
Sample solution:  Use the Sample stock solution from the Assay.
System suitability 

Sample:  Standard solution
[Note—The relative retention times for salicylic acid and aspirin are about 0.7 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between salicylic acid and aspirin
Relative standard deviation:  NMT 4.0% of the salicylic acid peak responses

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of salicylic acid (C7H6O3) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of salicylic acid from the Sample solution
rS= peak response of salicylic acid from the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
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CU= concentration of aspirin in the Sample solution as determined in the Assay (mg/mL)
Acceptance criteria:  NMT 3.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Delete the following:
•  Labeling: The label indicates that the Tablets are enteric-coated. 

•  USP Reference Standards 11
USP Aspirin RS 
USP Salicylic Acid RS 

BRIEFING

Atovaquone, USP 36 page 2555 and PF 38(6) [Nov.–Dec. 2012]. It is proposed to remove the

Residual Solvents test and follow general test chapter Residual Solvents 467 , in
accordance with General Notices 5.60.20. This revision replaces the packed column gas
chromatographic procedure with a capillary column gas chromatographic procedure

referenced in 467 , which is consistent with the USP monograph modernization approach.

(SM1: A. Martin-Esker.)
Correspondence Number—C127946

Comment deadline: July 31, 2013
Atovaquone

C22H19ClO3       366.84 

1,4-Naphthalenedione, 2-[4-(4-chlorophenyl)cyclohexyl]-3-hydroxy-, trans-;     
2-[trans-4-(p-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone     [95233-18-4].

DEFINITION

Atovaquone contains NLT 97.5% and NMT 101.5% of atovaquone (C22H19ClO3), calculated on
the anhydrous and organic solvent-free basis.

IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

1S (USP37)
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Mobile phase:  Acetonitrile, methanol, water, and phosphoric acid (525:175:300:5)
Diluent:  Acetonitrile and water (80:20)
System suitability solution:  0.25 mg/mL of USP Atovaquone RS and 0.02 mg/mL of USP

Atovaquone Related Compound A RS in Diluent. Store in a low-actinic glass container.
Standard solution:  0.25 mg/mL of USP Atovaquone RS in Diluent
Sample solution:  0.25 mg/mL of Atovaquone in Diluent. Use a low-actinic volumetric flask.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  3 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for atovaquone related compound A and atovaquone are
about 0.85 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4 between atovaquone related compound A and atovaquone, System
suitability solution

Column efficiency:  NLT 9000 theoretical plates, Standard solution
Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of atovaquone (C22H19ClO3) in the portion of Atovaquone
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Atovaquone RS in the Standard solution (mg/mL)
CU= concentration of Atovaquone in the Sample solution (mg/mL)
Acceptance criteria:  97.5%–101.5% on the anhydrous and organic solvent-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals 231
Standard solution:  Add 1.0 mL of Standard Lead Solution to 0.5 g of magnesium oxide,

and dry between 100  and 105 . Proceed as directed in the Test preparation, beginning
with “Ignite to dull redness”.

Test preparation:  Mix 1.0 g of Atovaquone with 0.5 g of magnesium oxide thoroughly in a
silica crucible. Ignite to dull redness until a homogeneous white or grayish-white mass is
obtained. If the mixture remains colored after 30 min, allow to cool, mix using a fine glass

rod, and repeat the ignition. If necessary, repeat the operation. Heat the residue at 800
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for about 1 h. Cool, take up the residue in two 5-mL portions of 6 N hydrochloric acid, add
0.1 mL of phenolphthalein TS, and then add 13.5 N ammonium hydroxide until a pink color
is obtained. Cool, add glacial acetic acid until the solution is decolorized, and add 0.5 mL
in excess. Filter, if necessary, and wash the filter with water. Dilute with water to 20 mL.

Blank solution:  Proceed as directed in the Test preparation, omitting the Atovaquone.
Analysis 

Samples:  Standard solution, Test preparation, and Blank solution 
Transfer 12.0 mL of the Test preparation to a 50-mL color-comparison tube, 10.0 mL of
the Standard solution to another, and 10.0 mL of the Blank solution to a third. Then add
2.0 mL of the Test preparation to the Standard solution as well as the Blank solution.
Add 2 mL of pH 3.5 Acetate Buffer to each of the three tubes. Add 1.2 mL of
thioacetamide–glycerin base TS. Allow to stand for 2 min, and view downward over a
white surface.

Acceptance criteria:  NMT 10 µg/g; the Standard solution is slightly brown when compared
with the Blank solution, and the color of the Test preparation is not darker than the
Standard solution.

Delete the following:
•  Residual Solvents

Standard solution: 0.5 µL of methanol, and 0.5 µL of glacial acetic acid per mL of
dimethylformamide

Sample solution: 50 mg/mL of Atovaquone in dimethylformamide
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 2.8-m; contains 10% liquid phase G16 on S2 support
Carrier gas: Nitrogen
Temperatures 

Column: 180

Detector: 250
Flow rate: 42.5 mL/min
Injection volume: 1 µL

System suitability 
Sample: Standard solution
[Note—The relative retention times for methanol and acetic acid are about 0.4 and 1.0,

respectively. ]
Suitability requirements 

Resolution: NLT 14 between methanol and acetic acid
Column efficiency: NLT 700 for the acetic acid peak
Tailing factor: NLT 0.8 for the acetic acid peak

Analysis 
Samples: Standard solution and Sample solution

Calculate the percentage of methanol and acetic acid in the portion of Atovaquone taken:

Result = (rU/rS) × (CS/CU) × F × 100
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rU= peak area of methanol or acetic acid from the Sample solution
rS= peak area of methanol or acetic acid from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of Atovaquone in the Sample solution (mg/mL)
F= specific gravity (0.79 for methanol; 1.05 for glacial acetic acid)
Acceptance criteria: NMT 0.2% methanol, NMT 0.2% acetic acid

Change to read:
•  Related Compounds

System suitability solution and Sample solution:  Prepare as directed in the Assay.
Analysis 

Samples:  System suitability solution and Sample solution

Using the chromatograms of the Sample solution and the System suitability solution,
calculate the percentage of atovaquone related compounds in the portion of Atovaquone
taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Unnamed Impurity
Indene isomera 0.63 0.5

Atovaquone related compound A 0.85 1.0
Unnamed Impurity
Didehydroatovaquoneb 0.89 0.3

Atovaquone 1.0 —
Unnamed Impurity
O-Methyl atovaquonec 1.8 0.5

Any other individual, unidentified impurity — 0.2
Sum of all other individual impurities — 1.0
Total impurities — 1.5

a  trans-2-[4-(4-Chlorophenyl)cyclohexyl]-1-oxo-1H-indene-3-carboxylic acid.
b  (RS)-2-[4-(4-Chlorophenyl)cyclohex-3-enyl]-3-hydroxy-1,4-naphthoquinone.

c  trans-2-[4-(4-Chlorophenyl)cyclohexyl]-3-methoxy-1,4-naphthoquinone.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 1.0%
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Atovaquone RS 
USP Atovaquone Related Compound A RS  

cis-2-[4-(4-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone.     
C22H19ClO3      366.84

BRIEFING

Aztreonam Injection, USP 36 page 2584. On the basis of comments received, the following
revisions are proposed:

1. The Assay is revised to remove the saturator precolumn. Per the validated procedure,
the use of this column is optional. The column is no longer available commercially in
the specified dimensions.

2. The column efficiency requirement in the Assay is deleted, because the remaining
criteria are adequate to evaluate system suitability.

3. The Pyrogen Test is replaced with the Bacterial Endotoxins Test, which is more specific.
The limits for the proposed test are based on FDA-approved limits.

4. The USP Reference Standards section is revised to include the chemical name of USP
Open Ring Aztreonam RS and to include USP Endotoxin RS, which is required in the
Bacterial Endotoxins Test.

(SM1: A. Wise.)
Correspondence Number—C103378

Comment deadline: July 31, 2013
Aztreonam Injection

DEFINITION

Aztreonam Injection is a sterile solution of Aztreonam and Arginine and a suitable osmolality-
adjusting substance in Water for Injection. It contains NLT 90.0% and NMT 120.0% of the
labeled amount of aztreonam (C13H17N5O8S2).

IDENTIFICATION
•  A. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  1.15 g/L of monobasic ammonium phosphate in water. Before final dilution, adjust
with phosphoric acid to a pH of 2.0 ± 0.1.

Mobile phase:  Acetonitrile and Buffer (75:25).
System suitability solution:  0.2 mg/mL each of USP Aztreonam RS and USP Open Ring

Aztreonam RS in Mobile phase
Standard solution:  0.2 mg/mL each of USP Aztreonam RS and USP l-Arginine RS in Mobile
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phase
Sample solution:  Nominally 0.2 mg/mL of aztreonam from Injection in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 206 nm
Pre-column:  4.6-mm × 5- to 10-cm saturator precolumn containing packing L27

Column:  4-mm × 25-cm; packing L20
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for aztreonam and open ring aztreonam are 0.8 and

1.0, respectively. The relative retention times for aztreonam and arginine are 0.3 and
1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.0 between aztreonam and open ring aztreonam
Column efficiency:  NLT 1000 theoretical plates determined from the aztreonam peak

Tailing factor:  NMT 2.0 for the aztreonam peak
Relative standard deviation:  NMT 2.0% for the aztreonam peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of aztreonam (C13H17N5O8S2) in the
portion of Injection taken:

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

rU= peak response of aztreonam from the Sample solution
rS= peak response of aztreonam from the Standard solution
CS= concentration of USP Aztreonam RS in the Standard solution (mg/mL)
CU= nominal concentration of aztreonam in the Sample solution (mg/mL)
P= potency of aztreonam in USP Aztreonam RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  90.0%–120.0%

SPECIFIC TESTS

Delete the following:

•  Pyrogen Test 151 : It meets the requirements, the test dose being a measured volume
of Injection sufficient to provide 50 mg/kg of aztreonam. 

Add the following:

•  Bacterial Endotoxins Test 85 : NMT 0.25 USP Endotoxin Unit/mg of aztreonam 

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

•  pH 791 : 4.5–7.5

•  Particulate Matter in Injections 788 : It meets the requirements for small-volume
injections.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids. Maintain in the frozen state.

•  Labeling: It meets the requirements for Injections 1 , Labels and Labeling. The label
states that the Injection is to be thawed just prior to use, describes conditions for proper
storage of the resultant solution, and directs that the solution is not to be refrozen.

Change to read:

•  USP Reference Standards 11
USP l-Arginine RS 
USP Aztreonam RS 
USP Endotoxin RS 

USP Open Ring Aztreonam RS  
(2S,3S)-2-{(Z)-2-[2-Aminothiazol-4-yl]-2-[2-carboxypropan-2-yloxyimino]acetamido}-3-

(sulfoamino)butanoic acid.
     

C13H19N5O9S2      453.45

BRIEFING

Aztreonam for Injection, USP 36 page 2584. On basis of comments received, the following
revisions are proposed:

1. The Assay is revised as follows to remove the saturator pre-column. Per the validated
procedure, the use of this column is optional. The column is no longer available
commercially in the specified dimensions.

2. The column efficiency requirement in the Assay is deleted because the remaining criteria
are adequate to evaluate system suitability.

3. USP Reference Standards is revised to include the chemical name of USP Open Ring
Aztreonam RS.

(SM1: A. Wise.)
Correspondence Number—C103378

Comment deadline: July 31, 2013
Aztreonam for Injection

DEFINITION

Aztreonam for Injection is a dry mixture of sterile Aztreonam and Arginine. It contains NLT
90.0% and NMT 105.0% of aztreonam (C13H17N5O8S2), calculated on the anhydrous and
arginine-free basis. Each container contains NLT 90.0% and NMT 120.0% of the labeled amount
of aztreonam (C13H17N5O8S2).
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IDENTIFICATION
•  A. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  1.15 g/L of monobasic ammonium phosphate in water. Before final dilution, adjust
with phosphoric acid to a pH of 2.0 ± 0.1.

Mobile phase:  Acetonitrile and Buffer (75:25)
System suitability solution:  0.2 mg/mL each of USP Aztreonam RS and USP Open Ring

Aztreonam RS in Mobile phase
Standard solution:  0.2 mg/mL each of USP Aztreonam RS and USP l-Arginine RS in Mobile

phase
Sample solution 1:  Nominally 0.2 mg/mL of aztreonam in Mobile phase from Aztreonam for

Injection prepared as follows. Weigh one container of Aztreonam for Injection, transfer
the contents to a suitable container, and dilute with Mobile phase to the appropriate
volume. Weigh the empty container, and calculate the weight, in mg, of Aztreonam for
Injection used.

Sample solution 2:  Nominally 0.2 mg/mL of aztreonam from Aztreonam for Injection
constituted as directed below and diluted with Mobile phase. 
Where the vial has a capacity of less than 100 mL, constitute with water using the
volume of solvent specified in the labeling. 

Where the vial capacity is 100 mL, constitute with 10 mL of water and dilute the entire
withdrawable contents of the container with Mobile phase to obtain the final
concentration.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 206 nm
Pre-column:  4.6-mm × 5- to 10-cm saturator precolumn containing packing L27

Column:  4-mm × 25-cm analytical column containing packing L20
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for aztreonam and open ring aztreonam are about 0.8

and 1.0, respectively. The relative retention times for aztreonam and arginine are 0.3
and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.0 between aztreonam and open ring aztreonam
Column efficiency:  NLT 1000 theoretical plates determined from the aztreonam peak

Tailing factor:  NMT 2.0 for the aztreonam peak
Relative standard deviation:  NMT 2.0% for the aztreonam peak

Analysis 

1S (USP37)

1S (USP37)

PF 39(3): May-Jun. 2013 245



Samples:  Standard solution, Sample solution 1, and Sample solution 2

Calculate the percentage of the labeled amount of aztreonam (C13H17N5O8S2) in the
portion of Aztreonam for Injection taken:

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

rU= peak response for aztreonam from Sample solution 1
rS= peak response for aztreonam from the Standard solution
CS= concentration of USP Aztreonam RS in the Standard solution (mg/mL)
CU= nominal concentration of Aztreonam for Injection in Sample solution 1 (mg/mL),

corrected for water and arginine content (see Content of Arginine)
P= potency of aztreonam in USP Aztreonam RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–105.0% on the anhydrous and arginine-free basis

Calculate the percentage of the labeled amount of aztreonam (C13H17N5O8S2) in each
container of Aztreonam for Injection taken:

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

rU= peak response for aztreonam from Sample solution 2
rS= peak response for aztreonam from the Standard solution
CS= concentration of USP Aztreonam RS in the Standard solution (mg/mL)
CU= nominal concentration of aztreonam in Sample solution 2 (mg/mL)
P= potency of aztreonam in USP Aztreonam RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–120.0%

OTHER COMPONENTS
•  Content of Arginine: Use the result of this test to calculate, on the anhydrous and

arginine-free basis, the Assay result from Sample solution 1, obtained as directed in the
Assay.

Buffer, Mobile phase, System suitability solution, Standard solution, Sample solution
1, Chromatographic system, and System suitability:  Proceed as directed in the
Assay.

Analysis 
Sample:  Sample solution 1 

Calculate the percentage of arginine (C6H14N4O2) in the portion of Aztreonam for
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for arginine from Sample solution 1
rS= peak response for arginine from the Standard solution
CS= concentration of USP l-Arginine RS in the Standard solution (mg/mL)
CU= concentration of Aztreonam for Injection in Sample solution 1 (mg/mL)

PERFORMANCE TESTS
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•  Uniformity of Dosage Units 905 : Meets the requirements

SPECIFIC TESTS

•  Constituted Solution: At the time of use, it meets the requirements for Injections 1 ,
Constituted Solutions.

•  Bacterial Endotoxins Test 85 : It contains NMT 0.17 USP Endotoxin Unit/mg of
aztreonam.

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

•  pH 791
Sample solution:  100 mg/mL of aztreonam
Acceptance criteria:  4.5–7.5

•  Water Determination, Method I 921 : NMT 2.0%

•  Particulate Matter in Injections 788 : It meets the requirements for small-volume
injections.

•  Other Requirements: It meets the requirements for Injections 1 , Labeling.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids.

Change to read:

•  USP Reference Standards 11
USP l-Arginine RS 
USP Aztreonam RS 
USP Endotoxin RS
USP Open Ring Aztreonam RS  
(2S,3S)-2-{(Z)-2-[2-Aminothiazol-4-yl]-2-[2-carboxypropan-2-yloxyimino]acetamido}-3-

(sulfoamino)butanoic acid.

C13H19N5O9S2      453.45

BRIEFING

Bisacodyl Delayed-Release Tablets, USP 36 page 2669. On the basis of comments received,
it is proposed to revise the Definition and Labeling sections to omit the enteric-coating
requirements. The Nomenclature, Safety and Labeling Expert Committee supports the
removal of the enteric-coating requirement for delayed-release tablet dosage forms, thereby
providing flexibility to accommodate approved delayed-release products that do not utilize
enteric-coatings.

(SM3: M. Puderbaugh. NSL: A. Wilk.)
Correspondence Number—C127948

Comment deadline: July 31, 2013
Bisacodyl Delayed-Release Tablets
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DEFINITION

Change to read:

Bisacodyl Delayed-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of bisacodyl (C22H19NO4). Bisacodyl Delayed-Release Tablets are enteric-coated.

IDENTIFICATION

•  A. Infrared Absorption 197S
Cell:  1.0 mm
Sample solution:  Macerate a portion of powdered Tablets, equivalent to 300 mg of

bisacodyl, with 100 mL of acetone. Heat on a steam bath to boiling, filter, and evaporate
to about 20 mL. Add 200 mL of water, and warm the mixture on the steam bath, passing a
stream of nitrogen over the surface to evaporate the acetone. After 30 min, cool the
mixture, and filter through a sintered-glass funnel. Discard the filtrate, and dissolve the
crystals in 50 mL of acetone. Evaporate the solution to about 15 mL, add about 75 mL of
water, heat on a steam bath for 15 min, and then cool. Scratch the sides of the beaker to

induce crystallization, filter the crystals, and dry at 100  for about 15 min. Using the
crystals, prepare a solution (1 in 200) in chloroform.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  0.074 M sodium acetate in water, adjusted with 2.5% (v/v) acetic acid to a pH of
7.4

Mobile phase:  Acetonitrile and Buffer (45:55)
Standard solution:  0.5 mg/mL of USP Bisacodyl RS in acetonitrile
Sample solution:  Transfer a portion of finely powdered Tablets equivalent to 100 mg of

bisacodyl, to a 200-mL volumetric flask, add 25 mL of water, and shake by mechanical
means for 15 min followed by sonication for 15 min. Add 100 mL of acetonitrile, and shake
by mechanical means for 15 min followed by sonication for 15 min. Dilute with acetonitrile
to volume, mix, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Columns 

Guard:  Packing L2
Analytical:  3.9-mm × 30-cm; packing L1

Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 
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Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of bisacodyl (C22H19NO4) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Bisacodyl RS in the Standard solution (mg/mL)
CU= nominal concentration of bisacodyl in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Disintegration 701 : Proceed as directed for Delayed-Release (Enteric-Coated) Tablets.
The Tablets do not disintegrate after 1 h of agitation in simulated gastric fluid TS, but then
disintegrate within 45 min in simulated intestinal fluid TS.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers at a temperature not exceeding

30 .

Delete the following:
•  Labeling: Label the Tablets to indicate that they are enteric-coated. 

•  USP Reference Standards 11
USP Bisacodyl RS 

BRIEFING

Butorphanol Tartrate Nasal Solution, USP 36 page 2727. See Briefing under Butorphanol
Tartrate Nasal Spray.

(SM2: C. Anthony.)
Correspondence Number—C126988

Comment deadline: July 31, 2013
Butorphanol Tartrate Nasal Solution

(Title for this monograph—not to change until February 1, 2017) 
(Prior to February 1, 2017, the current practice of labeling the article of commerce with
the name Butorphanol Tartrate Nasal Solution may be continued. Use of the name
Butorphanol Tartrate Nasal Spray will be permitted as of August 1, 2014, but the use of
this name will not be mandatory until February 1, 2017. The 30-month extension will
provide the time needed by manufacturers and users to make necessary changes.)
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DEFINITION

Change to read:

Butorphanol Tartrate Nasal Solution
Spray

is an aqueous solution of butorphanol tartrate for administration as a metered spray to the
nasal mucosa. It contains the equivalent of NLT 90.0% and NMT 110.0% of the labeled amount
of butorphanol tartrate (C21H29NO2·C4H6O6).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Thin-Layer Chromatographic Identification Test 201
Standard solution:  1.0 mg/mL of USP Butorphanol Tartrate RS in methanol
Sample solution:  Prepare a composite solution by pooling the contents of three containers

of Nasal Solution
Spray

into a suitable vessel. Transfer 1.0 mL of pooled sample to a 10-mL volumetric flask, and
dilute with methanol to volume.

Developing solvent system:  Chloroform, methanol, benzene, and ammonium hydroxide
(17:5:4:1)

[Caution—Prepare in a hood while wearing appropriate safety gloves, lab coat, and
protective eyewear.]

Spray reagent:  Prepare a 1-in-10 solution of chloroplatinic acid in water. To 0.5 mL of this
solution, add 33 mL of water and 1 g of potassium iodide. Prepare fresh daily.

Analysis 
Samples:  Standard solution and Sample solution 

Proceed as directed in the chapter, except spray the plate with Spray reagent.
Acceptance criteria:  The typical RF value is 0.7 for butorphanol tartrate.

ASSAY
•  Procedure

Buffer:  3.4 g/L of 0.025 M monobasic potassium phosphate. Filter.
Mobile phase:  Acetonitrile, triethylamine, and Buffer (15:2:85). Mix thoroughly, and adjust

with 85.0% phosphoric acid to a pH of 3.0 ± 0.1.
Standard solution:  0.2 mg/mL of USP Butorphanol Tartrate RS in Mobile phase. Mix, and

filter, discarding the first 2 mL of the filtrate. The Standard solution is stable for at least
108 h.

Sample solution:  Nominally 0.2 mg/mL of butorphanol tartrate in Mobile phase prepared as
follows. Prepare a composite solution by pooling a minimum of four containers of Nasal
Solution
Spray

into a suitable glass vessel. Transfer the equivalent of 20 mg of butorphanol tartrate to a
100-mL volumetric flask. Dilute with Mobile phase to volume, mix, and filter, discarding the
first 2 mL of the filtrate.

Chromatographic system  

1S (USP37)
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Columns 

Analytical:  4.6-mm × 15-cm; 5-µm packing L11
Guard:  4.6-mm × 1-cm; 5-µm packing L11

Column temperature:  30
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of butorphanol tartrate
(C21H29NO2·C4H6O6) in the portion of Nasal Solution
Spray

taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Butorphanol Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of butorphanol tartrate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer:  Prepare as directed in the Assay.
Mobile phase:  Acetonitrile, triethylamine, and Buffer (15: 5.1: 85). Mix thoroughly, and

adjust with 85.0% phosphoric acid to a pH of 3.0 ± 0.1.
Standard solution:  0.005 mg/mL of USP Butorphanol Tartrate RS
Sensitivity solution:  Transfer 2.5 mL of the Standard solution to a 50-mL volumetric flask,

and dilute with water to volume. Do not filter.
Sample solution:  Nominally 1 mg/mL of butorphanol tartrate in water prepared as follows.

Prepare a composite solution by pooling a minimum of four containers of Nasal Solution
Spray

into a suitable glass vessel. Transfer the equivalent of 50 mg of butorphanol tartrate to a
50-mL volumetric flask. Dilute with water to volume. Do not filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
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Columns 
Analytical:  4.6-mm × 25-cm; 5-µm packing L11
Guard:  4.6-mm × 1-cm; 5-µm packing L11

Column temperature:  40
Flow rate:  2.0 mL/min
Injection volume:  60 µL
Run time:  40 min

System suitability 
Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 10.0%, Standard solution
Sensitivity:  The peak height for butorphanol tartrate is greater than or equal to three

times the baseline noise, Sensitivity solution
Analysis 

Samples:  Standard solution and Sample solution 
Record the chromatograms, and measure the responses for the butorphanol tartrate
peak in the Standard solution, and for all known and unknown related compounds in the
Sample solution. 
Calculate the percentage of each related compound (see Table 1) and each unknown
impurity in the portion of Nasal Solution
Spray

taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each known or unknown related compound from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Butorphanol Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of butorphanol tartrate in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

3,14-Dihydroxymorphinan 0.3 0.3
6-Butorphanol 0.7 0.5
Butorphanol tartrate 1.0 —
Unknown impurity — 0.3
Total impurities — 1.0

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g or mL, and the total combined
molds and yeasts count does not exceed 102 cfu/g or mL. It meets the requirements of
the tests for absence of Staphylococcus aureus and Pseudomonas aeruginosa.

•  pH 791 : 4.0–6.0
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•  Osmolality and Osmolarity 785 : 252–292 mOsmol/kg

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers at controlled room temperature. Store

at 25 ; excursions permitted between 15  and 30 .

•  USP Reference Standards 11
USP Butorphanol Tartrate RS 

BRIEFING

Butorphanol Tartrate Nasal Solution, USP 36 page 2727. On the basis of comments received,
it is proposed to change the title from “Butorphanol Tartrate Nasal Solution” to “Butorphanol
Tartrate Nasal Spray”. This title change is proposed for inclusion in the First Supplement to
USP 37–NF 32, with an official date of August 1, 2014. Use of the name Butorphanol Tartrate
Nasal Spray will be permitted as of August 1, 2014; however, its use will not be mandatory
until February 1, 2017. The 30-month extension will provide the time deemed necessary for
labeling changes to be made for the article, as well as for practitioners, consumers, and
regulatory agencies to become familiar with the new title.

(SM2: C. Anthony.)
Correspondence Number—C126988

Comment deadline: July 31, 2013
Butorphanol Tartrate Nasal Solution

Spray

(Title for this monograph—not to change until February 1, 2017) 
(Prior to February 1, 2017, the current practice of labeling the article of commerce with
the name Butorphanol Tartrate Nasal Solution may be continued. Use of the name
Butorphanol Tartrate Nasal Spray will be permitted as of August 1, 2014, but the use of
this name will not be mandatory until February 1, 2017. The 30-month extension will
provide the time needed by manufacturers and users to make necessary changes.)

DEFINITION

Change to read:

Butorphanol Tartrate Nasal Solution
Spray

is an aqueous solution of butorphanol tartrate for administration as a metered spray to the
nasal mucosa. It contains the equivalent of NLT 90.0% and NMT 110.0% of the labeled amount
of butorphanol tartrate (C21H29NO2·C4H6O6).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Change to read:

•  B. Thin-Layer Chromatographic Identification Test 201

1S (USP37)
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Standard solution:  1.0 mg/mL of USP Butorphanol Tartrate RS in methanol
Sample solution:  Prepare a composite solution by pooling the contents of three containers

of Nasal Solution
Spray

into a suitable vessel. Transfer 1.0 mL of pooled sample to a 10-mL volumetric flask, and
dilute with methanol to volume.

Developing solvent system:  Chloroform, methanol, benzene, and ammonium hydroxide
(17:5:4:1)

[Caution—Prepare in a hood while wearing appropriate safety gloves, lab coat, and
protective eyewear.]

Spray reagent:  Prepare a 1-in-10 solution of chloroplatinic acid in water. To 0.5 mL of this
solution, add 33 mL of water and 1 g of potassium iodide. Prepare fresh daily.

Analysis 
Samples:  Standard solution and Sample solution 

Proceed as directed in the chapter, except spray the plate with Spray reagent.
Acceptance criteria:  The typical RF value is 0.7 for butorphanol tartrate.

ASSAY
•  Procedure

Buffer:  3.4 g/L of 0.025 M monobasic potassium phosphate. Filter.
Mobile phase:  Acetonitrile, triethylamine, and Buffer (15:2:85). Mix thoroughly, and adjust

with 85.0% phosphoric acid to a pH of 3.0 ± 0.1.
Standard solution:  0.2 mg/mL of USP Butorphanol Tartrate RS in Mobile phase. Mix, and

filter, discarding the first 2 mL of the filtrate. The Standard solution is stable for at least
108 h.

Sample solution:  Nominally 0.2 mg/mL of butorphanol tartrate in Mobile phase prepared as
follows. Prepare a composite solution by pooling a minimum of four containers of Nasal
Solution
Spray

into a suitable glass vessel. Transfer the equivalent of 20 mg of butorphanol tartrate to a
100-mL volumetric flask. Dilute with Mobile phase to volume, mix, and filter, discarding the
first 2 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Columns 

Analytical:  4.6-mm × 15-cm; 5-µm packing L11
Guard:  4.6-mm × 1-cm; 5-µm packing L11

Column temperature:  30
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of butorphanol tartrate
(C21H29NO2·C4H6O6) in the portion of Nasal Solution
Spray

taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Butorphanol Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of butorphanol tartrate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer:  Prepare as directed in the Assay.
Mobile phase:  Acetonitrile, triethylamine, and Buffer (15: 5.1: 85). Mix thoroughly, and

adjust with 85.0% phosphoric acid to a pH of 3.0 ± 0.1.
Standard solution:  0.005 mg/mL of USP Butorphanol Tartrate RS
Sensitivity solution:  Transfer 2.5 mL of the Standard solution to a 50-mL volumetric flask,

and dilute with water to volume. Do not filter.
Sample solution:  Nominally 1 mg/mL of butorphanol tartrate in water prepared as follows.

Prepare a composite solution by pooling a minimum of four containers of Nasal Solution
Spray

into a suitable glass vessel. Transfer the equivalent of 50 mg of butorphanol tartrate to a
50-mL volumetric flask. Dilute with water to volume. Do not filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Columns 

Analytical:  4.6-mm × 25-cm; 5-µm packing L11
Guard:  4.6-mm × 1-cm; 5-µm packing L11

Column temperature:  40
Flow rate:  2.0 mL/min
Injection volume:  60 µL
Run time:  40 min

System suitability 
Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 10.0%, Standard solution
Sensitivity:  The peak height for butorphanol tartrate is greater than or equal to three

times the baseline noise, Sensitivity solution
Analysis 
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Samples:  Standard solution and Sample solution 
Record the chromatograms, and measure the responses for the butorphanol tartrate
peak in the Standard solution, and for all known and unknown related compounds in the
Sample solution. 
Calculate the percentage of each related compound (see Table 1) and each unknown
impurity in the portion of Nasal Solution
Spray

taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each known or unknown related compound from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Butorphanol Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of butorphanol tartrate in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

3,14-Dihydroxymorphinan 0.3 0.3
6-Butorphanol 0.7 0.5
Butorphanol tartrate 1.0 —
Unknown impurity — 0.3
Total impurities — 1.0

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g or mL, and the total combined
molds and yeasts count does not exceed 102 cfu/g or mL. It meets the requirements of
the tests for absence of Staphylococcus aureus and Pseudomonas aeruginosa.

•  pH 791 : 4.0–6.0

•  Osmolality and Osmolarity 785 : 252–292 mOsmol/kg

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers at controlled room temperature. Store

at 25 ; excursions permitted between 15  and 30 .

•  USP Reference Standards 11
USP Butorphanol Tartrate RS 

BRIEFING

Ceftriaxone Sodium, USP 36 page 2891. As part of USP's modernization initiative, the following
revisions are proposed:

1. The test for Organic Impurities is added based on the procedure in the European
Pharmacopoeia 7.7 for the Ceftriaxone Sodium monograph.
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2. The acceptance criteria in Table 1 in the test for Organic Impurities are based on FDA-
approved limits.

3. The Assay is replaced with the procedure in the European Pharmacopoeia 7.7
monograph to have the Assay and the test for Organic impurities consistent in the
monograph. The Ultrasphere ODS brand of L1 column is suitable for this procedure.
The typical retention time for ceftriaxone is about 9 min.

(SM1: S. Shivaprasad.)
Correspondence Number—C107334

Comment deadline: July 31, 2013
Ceftriaxone Sodium

C18H16N8Na2O7S3·3½H2O       661.60 

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[(2-amino-4-thiazolyl)
(methoxyimino)acetyl]amino]-8-oxo-3-[[(1,2,5,6-tetrahydro-2-methyl-5-,6-dioxo-1,2,4-triazin-

3-yl)thio]methyl]-, disodium salt, [6R-[6 ,7 (Z)]]-, hydrate, (2:7);     
(6R,7R)-7-[2-(2-Amino-4-thiazolyl)glyoxylamido]-8-oxo-3-[[(1,2,5,6-tetrahydro-2-methyl-5,6-
dioxo-as-triazin-3-yl)thio]methyl]-5-thia-1-azabicyclo[4.2.0]-oct-2-ene-2-carboxylic acid, 72-
(Z)-(O-methyloxime), disodium salt, hemiseptahydrate     [104376-79-6].
Anhydrous           598.56 

DEFINITION

Ceftriaxone Sodium contains the equivalent of NLT 795 µg/mg of ceftriaxone (C18H18N8O7S3),
calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Sodium 191

ASSAY

Change to read:
•  Procedure

Buffer A:  13.6 g/L of dibasic potassium phosphate and 4.0 g/L of monobasic potassium
phosphate in water. Adjust with phosphoric acid or 10 N potassium hydroxide to a pH of
7.0 ± 0.1.

Buffer B:  25.8 g/L of sodium citrate in water. Adjust with citric acid solution (1 in 5) to a
pH of 5.0 ± 0.1, prior to final dilution.

Mobile phase:  Dissolve 3.2 g of tetraheptylammonium bromide in 400 mL of acetonitrile,
add 44 mL of Buffer A and 4 mL of Buffer B, and add water to make 1000 mL. Pass
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through a suitable filter and degas.
System suitability solution:  0.16 mg/mL of USP Ceftriaxone Sodium E-Isomer RS and

0.16 mg/mL of USP Ceftriaxone Sodium RS in Mobile phase. Use this solution promptly
after preparation.

Standard solution:  0.2 mg/mL of USP Ceftriaxone Sodium RS in Mobile phase. Use this
solution promptly after preparation.

Sample solution:  0.2 mg/mL of Ceftriaxone Sodium in Mobile phase. Use this solution
promptly after preparation.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 270 nm
Column:  4.0-mm × 15-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3 between the ceftriaxone E-isomer and ceftriaxone peaks, System
suitability solution

Column efficiency:  NLT 1500 theoretical plates, Standard solution
Tailing factor:  NMT 2, Standard solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg, of ceftriaxone (C18H18N8O7S3) in the portion of
Ceftriaxone Sodium taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response of ceftriaxone from the Sample solution
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= concentration of Ceftriaxone Sodium in the Sample solution (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)

Acceptance criteria:  NLT 795 µg/mg on the anhydrous basis
Solution A:  9 g/L of monobasic potassium phosphate in water
Solution B:  24 g/L of disodium hydrogen phosphate, dodecahydrate in water
Solution C:  20 g/L of citric acid in water. Adjust with 10 N sodium hydroxide to a pH of

5.0 prior to final dilution.
Buffer:  Combine 389 mL of Solution A and 611 mL of Solution B. Adjust with 10 N sodium

hydroxide or phosphoric acid to a pH of 7.0.
Mobile phase:  Dissolve 2.0 g of tetradecylammonium bromide and 2.0 g of

tetraheptylammonium bromide in a mixture of 440 mL of water, 55 mL of Buffer, 5.0 mL
of Solution C, and 500 mL of acetonitrile.

System suitability solution:  50 µg/mL of USP Ceftriaxone Sodium RS and 50 µg/mL of
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USP Ceftriaxone Sodium E-Isomer RS in Mobile phase
Standard solution:  0.3 mg/mL of USP Ceftriaxone Sodium RS in Mobile phase
Sample Solution:  0.3 mg/mL of Ceftriaxone Sodium in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for ceftriaxone and ceftriaxone E-isomer are 1.0

and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the ceftriaxone and ceftriaxone E-isomer peaks,
System suitability solution

Tailing factor:  NMT 2, Standard Solution
Relative standard deviation:  NMT 0.7%, Standard Solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg of ceftriaxone (C18H18N8O7S3) in the portion of
Ceftriaxone Sodium taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response of ceftriaxone from the Sample solution
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= concentration of ceftriaxone sodium in the Sample solution (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)

Acceptance criteria:  NLT 795 µg/mg on the anhydrous basis

IMPURITIES

Add the following:
•  Organic impurities

Solution A, Solution B, Solution C, Buffer, Mobile phase, System suitability solution,
Sample solution, and Chromatographic system:  Proceed as directed in the Assay.

Standard solution:  3 µg/mL of USP Ceftriaxone sodium RS in Mobile phase
System suitability 

Samples:  Standard solution and System suitability solution
[Note—The relative retention times for ceftriaxone and ceftriaxone E-isomer are listed in

Table 1.]
Suitability requirements 

Resolution:  NLT 3.0 between the ceftriaxone E-isomer and ceftriaxone peaks, System
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suitability solution
Signal-to-noise ratio:  NLT 10, Standard solution

Analysis 
Sample:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the portion of Ceftriaxone Sodium
taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= concentration of Ceftriaxone Sodium in the Sample solution (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 1. Disregard any peak below 0.1%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Deacetylcefotaxime lactonea 0.20 0.5

Ceftriaxone triazine analogb 0.62 1.0

Ceftriaxone benzothiazolyl oximec 0.72 0.2

Deacyl ceftriaxoned 0.78 0.5

Ceftriaxone 1.0 —
Ceftriaxone 3-ene isomere 1.3 0.3

Ceftriaxone E-isomerf 1.4 0.5

Any individual unspecified impurity — 0.2
Total impurities — 2.0

a  (Z)-2-(2-Aminothiazol-4-yl)-N-{(5aR,6R)-1,7-dioxo-1,3,4,5a,6,7-
hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}-2-(methoxyimino)acetamide.

b  3-Mercapto-2-methyl-1,2-dihydro-1,2,4-triazine-5,6-dione.
c  (Z)-S-Benzothiazol-2-yl 2-(2-aminothiazol-4-yl)-2-(methoxyimino)thioacetate.
d  (6R,7R)-7-Amino-3-{[(6-hydroxy-2-methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-

yl)thio]methyl}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e  (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-

methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.

f  (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-
methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

SPECIFIC TESTS
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•  Crystallinity 695 : Meets the requirements

•  pH 791
Sample solution:  100 mg/mL
Acceptance criteria:  6.0–8.0

•  Water Determination, Method I 921 : 8.0%–11.0%

•  Sterility Tests 71 : Where the label states that it is sterile, it meets the requirements
when tested as directed in Test for Sterility of the Product to Be Examined, Membrane
Filtration.

•  Bacterial Endotoxins Test 85 : Where the label states that it is sterile or must be
subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 0.20 USP Endotoxin Unit/mg of ceftriaxone.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

Change to read:

•  USP Reference Standards 11
USP Ceftriaxone Sodium RS 
USP Ceftriaxone Sodium E-Isomer RS  
(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-

methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, disodium salt.
C18H16N8Na2O7S3      598.53

USP Endotoxin RS

BRIEFING

Ceftriaxone for Injection, USP 36 page 2892. As part of USP's modernization initiative, the
following revisions are proposed:

1. The Identification tests from their original, brief cross-reference to the Ceftriaxone
Sodium monograph are deleted from the Other Requirements section and included in
a new Identification section as test A and test B.

2. The test for Organic Impurities is added based on the procedure in the British
Pharmacopoeia 2013 for the Ceftriaxone Injection monograph. The acceptance
criteria in Table 1 in the test for Organic Impurities are based on the approved limits.

3. The Assay procedure is replaced with the procedure in the British Pharmacopoeia 2013
to have the Assay and the test for Organic Impurities consistent in the monograph.
The Ultrasphere ODS brand of L1 column is suitable for this procedure. The typical
retention time for ceftriaxone is about 9 min.

(SM1: S. Shivaprasad.)
Correspondence Number—C114950
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Comment deadline: July 31, 2013
Ceftriaxone for Injection

DEFINITION

Ceftriaxone for Injection contains an amount of Ceftriaxone Sodium equivalent to NLT 776
µg/mg of ceftriaxone (C18H18N8O7S3), calculated on the anhydrous basis, and the equivalent of
NLT 90.0% and NMT 115.0% of the labeled amount of ceftriaxone (C18H18N8O7S3).

IDENTIFICATION

Add the following:

•  A. Infrared Absorption—General 197K  

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Solution A:  13.6 g/L of dibasic potassium phosphate and 4.0 g/L of monobasic potassium
phosphate in water. Adjust this solution with phosphoric acid or 10 N potassium
hydroxide to a pH of 7.0 ± 0.1.

Solution B:  25.8 g/L of sodium citrate in water. Adjust with citric acid solution (1 in 5) to
a pH of 5.0 ± 0.1, prior to final dilution.

Mobile phase:  Dissolve 3.2 g of tetraheptylammonium bromide in 400 mL of acetonitrile,
add 44 mL of Solution A, 4 mL of Solution B, and water to 1000 mL. Pass through a
membrane filter of 0.5 µm or finer porosity. Make adjustments if necessary.

System suitability solution:  160 µg/mL of USP Ceftriaxone Sodium E-Isomer RS and 160
µg/mL of USP Ceftriaxone Sodium RS in Mobile phase. Use this solution promptly after
preparation.

Standard solution:  0.2 mg/mL of USP Ceftriaxone Sodium RS in Mobile phase. Use this
solution promptly after preparation.

Sample solution 1:  0.2 mg/mL of Ceftriaxone for Injection in Mobile phase. Use this
solution promptly after preparation.

Sample solution 2 (where it is represented as being in a single-dose container):
Constitute Ceftriaxone for Injection in a volume of water corresponding to the volume of
solvent specified in the labeling. Withdraw all of the withdrawable contents using a
suitable hypodermic needle and syringe, and dilute with Mobile phase to obtain a solution
containing 180 µg/mL of ceftriaxone. Use this solution promptly after preparation.

Sample solution 3  (where the label states the quantity of ceftriaxone in a given volume
of constituted solution): Constitute Ceftriaxone for Injection in a volume of water
corresponding to the volume of solvent specified in the labeling. Dilute a measured
volume of the constituted solution with Mobile phase to obtain a solution containing 180
µg/mL of ceftriaxone. Use this solution promptly after preparation.

Chromatographic system  

1S (USP37)

1S (USP37)

PF 39(3): May-Jun. 2013 262



(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 270 nm
Column:  4.0-mm × 15-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3 between the ceftriaxone E-isomer and ceftriaxone peaks, System
suitability solution

Column efficiency:  NLT 1500 theoretical plates, Standard solution
Tailing factor:  NMT 2, Standard solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution 1, Sample solution 2, or Sample

solution 3

Calculate the quantity, in µg/mg, of ceftriaxone (C18H18N8O7S3) in the portion of
Ceftriaxone for Injection taken:

Result = (rU/rS) ×(CS/ CU) × P

rU= peak response of ceftriaxone from Sample solution 1
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of Ceftriaxone for Injection in Sample solution 1 (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)

Calculate the percentage of ceftriaxone (C18H18N8O7S3) withdrawn from the container,
or in the portion of constituted solution taken:

Result = (rU/rS) × (CS/CU) × P × 100

rU= peak response of ceftriaxone from the Sample solution 2 or 3
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of ceftriaxone in Sample solution 2 or Sample solution 3 based

on the labeled quantity in the container or in the portion of constituted solution
taken (µg/mL)

P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)

Acceptance criteria:  Contains an amount of Ceftriaxone Sodium equivalent to NLT 776
µg/mg of ceftriaxone, calculated on the anhydrous basis, and 90.0%–115.0% of the
labeled amount of ceftriaxone ( C18H18N8O7S3).
Solution A:  9 g/L of monobasic potassium phosphate in water
Solution B:  24 g/L of disodium hydrogen phosphate, dodecahydrate in water
Solution C:  20 g/L of citric acid in water. Adjust with 10 N sodium hydroxide to a pH of

5.0 prior to dilution.
Buffer:  Combine 389 mL of Solution A and 611 mL of Solution B. Adjust with 10 N sodium
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hydroxide or phosphoric acid to a pH of 7.0.
Mobile phase:  Dissolve 2.0 g of tetradecylammonium bromide and 2.0 g of

tetraheptylammonium bromide in a mixture of 440 mL of water, 55 mL of Buffer, 5.0 mL
of Solution C, and 500 mL of acetonitrile.

System suitability solution:  50 µg/mL each of USP Ceftriaxone Sodium RS and USP
Ceftriaxone Sodium E-Isomer RS in Mobile phase

Standard solution:  0.3 mg/mL of USP Ceftriaxone Sodium RS in Mobile phase
Sample solution 1:  Nominally 0.3 mg/mL of ceftriaxone in Mobile phase
Sample solution 2 (where it is represented as being in a single-dose container):

Nominally 0.3 mg/mL of ceftriaxone in Mobile phase prepared as follows. Constitute
Ceftriaxone for Injection in a volume of water corresponding to the volume of solvent
specified in the labeling. Withdraw all of the withdrawable contents using a suitable
hypodermic needle and syringe, and transfer to a suitable volumetric flask. Dilute with
Mobile phase to volume.

Sample solution 3 (where the label states the quantity of ceftriaxone in a given volume
of constituted solution): Nominally 0.3 mg/mL of ceftriaxone in Mobile phase prepared
as follows. Constitute Ceftriaxone for Injection in a volume of water corresponding to
the volume of solvent specified in the labeling, and dilute with Mobile phase to final
volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for ceftriaxone and ceftriaxone E-isomer are 1.0

and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the ceftriaxone and ceftriaxone E-isomer peaks,
System suitability solution

Tailing factor:  NMT 2, Standard solution
Relative standard deviation:   NMT 0.7%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg, of ceftriaxone (C18H18N8O7S3) in the portion of
Ceftriaxone for Injection taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response of ceftriaxone from Sample solution 1
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of ceftriaxone in Sample solution 1 (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)
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Acceptance criteria:  NLT 776 µg/mg on the anhydrous basis

Calculate the percentage of ceftriaxone (C18H18N8O7S3) in the portion of Ceftriaxone
for Injection withdrawn from the container or in the portion of the constituted solution:

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

rU= peak response of ceftriaxone from Sample solution 2 or Sample solution 3
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of ceftriaxone in Sample solution 2 or Sample solution 3

(mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–115.0% of the labeled amount of ceftriaxone

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

Add the following:
•  Organic impurities

Solution A, Solution B, Solution C, Buffer, Mobile phase, System suitability solution,
Standard solution, and Chromatographic system:  Proceed as directed in the Assay.

Sample solution:  Nominally prepare 0.3 mg/mL of ceftriaxone in Mobile phase from
Ceftriaxone for Injection.

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for ceftriaxone and ceftriaxone E-isomer are listed in

Table 1.]
Suitability requirements 

Resolution:  NLT 3.0 between the ceftriaxone and ceftriaxone E- isomer
Analysis 

Sample:  Sample solution and Standard solution

Calculate the percentage of each individual impurity in the portion of Ceftriaxone for
Injection taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of ceftriaxone from the Standard solution
CS= concentration of USP Ceftriaxone Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of ceftriaxone in the Sample solution (mg/mL)
P= potency of ceftriaxone in USP Ceftriaxone Sodium RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 1. Disregard any peak below 0.1%.
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Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Deacetylcefotaxime lactonea 0.20 0.5

Ceftriaxone triazine analogb 0.62 1.0

Ceftriaxone benzothiazolyl oximec 0.72 0.2

Deacyl ceftriaxoned 0.78 0.5

Ceftriaxone 1.0 —
Ceftriaxone-3-ene isomere 1.3 0.3

Ceftriaxone E-isomerf 1.4 0.5

Any individual unspecified impurity — 0.2
Total impurities — 2.0

a  (Z)-2-(2-Aminothiazol-4-yl)-N-{(5aR,6R)-1,7-dioxo-1,3,4,5a,6,7-
hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin-6-yl}-2-(methoxyimino)acetamide.

b  3-Mercapto-2-methyl-1,2-dihydro-1,2,4-triazine-5,6-dione.
c  (Z)-S-Benzothiazol-2-yl 2-(2-aminothiazol-4-yl)-2-(methoxyimino)thioacetate.
d  (6R,7R)-7-Amino-3-{[(6-hydroxy-2-methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-

yl)thio]methyl}-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e  (6R,7R)-7-[(Z)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-

methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

f  (6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-
methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

SPECIFIC TESTS

•  Constituted Solution: At the time of use, it meets the requirements for Injections 1 ,
Constituted Solutions.

•  Bacterial Endotoxins Test 85 : NMT 0.20 USP Endotoxin Unit/mg of ceftriaxone

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

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Crystallinity 695 : Meets the requirements

•  pH 791
Sample solution:  100 mg/mL
Acceptance criteria:  6.0–8.0

•  Water Determination, Method I 921 : 8.0%–11.0%

Change to read:
•  Other Requirements: It meets the requirements of the Identification tests under

Ceftriaxone Sodium.
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It meets the requirements for Injections 1 , Labeling.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids.

Change to read:

•  USP Reference Standards 11
USP Ceftriaxone Sodium RS 
USP Ceftriaxone Sodium E-Isomer RS 
(6R,7R)-7-[(E)-2-(2-Aminothiazol-4-yl)-2-(methoxyimino)acetamido]-3-{[(6-hydroxy-2-

methyl-5-oxo-2,5-dihydro-1,2,4-triazin-3-yl)thio]methyl}-8-oxo-5-thia-1-
azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, disodium salt.
C18H16N8Na2O7S3       598.53

USP Endotoxin RS

BRIEFING

Chloroquine Phosphate, USP 36 page 2958. As part of the USP modernization effort, it is
proposed to add a test for Organic Impurities based on validation data. In addition, it is
proposed to revise the procedure in the Assay to be consistent with that in the test for
Organic Impurities. The liquid chromatographic procedures in the Assay and in the test for
Organic Impurities are based on analyses performed with the Phenomenex Luna C18 brand
of L1 column. The typical retention time for the chloroquine peak in the Assay and in the
test for Organic Impurities is about 19.5 min. In addition, new USP Reference Standards
needed for the System suitability requirements and for the quantitation of impurities are

added to the USP Reference Standards 11  section. The proposal was also reformatted to
be consistent with the most recent monograph redesign style.

(SM1: B. Davani, A. Martin-Esker.)
Correspondence Number—C124211

Comment deadline: July 31, 2013
Chloroquine Phosphate

C18H26ClN3·2H3PO4       515.86 

1,4-Pentanediamine, N4-(7-chloro-4-quinolinyl)-N1,N1-diethyl-, phosphate (1:2);     
7-Chloro-4-[73[4-(diethylamino)-1-methylbutyl]amino]quinoline phosphate (1:2)     [50-63-5].

DEFINITION

Chloroquine Phosphate contains NLT 98.0% and NMT 102.0% of chloroquine phosphate
(CH26ClN3·2H3PO4), calculated on the dried basis.

1S (USP37)
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IDENTIFICATION

Change to read:
•  A.

Infrared Absorption 197K

It meets the requirements under Identification—Organic Nitrogenous Bases 181 , chloroform
being substituted for carbon disulfide in the test.

•  B. Ultraviolet Absorption 197U
Medium:  Dilute hydrochloric acid (1 in 1000)
Sample solution:  10 µg/mL
Ratio:  A343/A329, 1.00–1.15

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Add 1.0 mL of perchloric acid
to each 1 L of solution, adjust with phosphoric acid to a pH of 2.5 ± 0.5, and filter.

Mobile phase:  Methanol and Buffer (22:78)
System suitability solution:  0.015 mg/mL of USP Hydroxychloroquine Sulfate RS and

0.15 mg/mL of USP Chloroquine Phosphate RS in water
Standard solution:  0.15 mg/mL of USP Chloroquine Phosphate RS in water
Sample solution:  0.15 mg/mL in water
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 224 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1

Column temperature:  25 ± 5
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for hydroxychloroquine and chloroquine are about 0.8

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between chloroquine and hydroxychloroquine
Column efficiency:  NLT 2000 theoretical plates for chloroquine and

hydroxychloroquine
Tailing factor:  NMT 2.0 for chloroquine and hydroxychloroquine
Relative standard deviation:  NMT 2.0% for chloroquine and hydroxychloroquine

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of chloroquine phosphate (C18H26ClN3·2H3PO4) in the portion of
Chloroquine Phosphate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Chloroquine Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Chloroquine Phosphate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis
Buffer:  1.4 g/L of anhydrous dibasic sodium phosphate in water. Adjust with 10%
phosphoric acid to a pH of 3.0.
Mobile phase:  0.4% triethylamine in methanol and Buffer (70:30)
System suitability solution:  2.0 µg/mL each of USP Chloroquine Phosphate RS, USP

Phenol RS, USP Hydroxychloroquine Sulfate RS, USP Chloroquine Related Compound A
RS, USP Chloroquine Related Compound D RS, USP Chloroquine Related Compound E RS,
and USP Chloroquine Related Compound G RS in Mobile phase

Standard solution:  0.3 mg/mL of USP Chloroquine Phosphate RS in Mobile phase.
Sonicate to dissolve if necessary.

Sample solution:  0.3 mg/mL of Chloroquine Phosphate in Mobile phase. Sonicate to
dissolve if necessary.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the corresponding relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between chloroquine and chloroquine related compound A,
System suitability solution

Tailing factor:  NMT 2.0 for chloroquine, Standard solution
Relative standard deviation:  NMT 0.7% for chloroquine, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of chloroquine phosphate (C18H26ClN3·2H3PO4) in the portion
of Chloroquine Phosphate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Chloroquine Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Chloroquine Phosphate in the Sample solution (mg/mL)
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Acceptance criteria:  98.0%–102.0% on the dried basis.

IMPURITIES

Add the following:
•  Organic Impurities

Mobile phase, System suitability solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard solution:  Use the System suitability solution.
Sample solution:  2 mg/mL of Chloroquine Phosphate in Mobile phase
System suitability 

Sample:  System suitability solution
[Note—See Table 1 for the corresponding relative retention times.]

Suitability requirements 
Resolution:  NLT 2.0 between chloroquine and chloroquine related compound A and NLT

2 between adjacent impurities
Tailing factor:  NMT 2.0 for peaks corresponding to chloroquine phosphate, phenol,

hydroxychloroquine sulfate, chloroquine related compound A, chloroquine related
compound D, chloroquine related compound E, and chloroquine related compound G

Relative standard deviation:  NMT 5.0% for chloroquine phosphate, phenol,
hydroxychloroquine sulfate, chloroquine related compound A, chloroquine related
compound D, chloroquine related compound E, and chloroquine related compound G

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each specified impurity in the portion of Chloroquine
Phosphate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of the corresponding USP Reference Standard from the Standard solution
CS= concentration of the corresponding USP Reference Standard in the Standard solution

(mg/mL)
CU= concentration of Chloroquine Phosphate in the Sample solution (mg/mL)

Calculate the percentage of chloroquine related compound G and any other unspecified
impurity in the portion of Chloroquine Phosphate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of chloroquine N-oxide or any other impurity from the Sample solution
rS= peak response of USP Chloroquine Phosphate RS from the Standard solution
CS= concentration of USP Chloroquine Phosphate RS in the Standard solution (mg/mL)
CU= concentration of Chloroquine Phosphate in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. Disregard any peak less than 0.05%.

Table 1
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Phenol 0.2 0.1
Chloroquine related compound G 0.27 0.1
Chloroquine related compound D 0.42 0.1
Hydroxychloroquine sulfate 0.49 0.1
Chloroquine related compound A 0.73 0.1
Chloroquine phosphate 1.0 —
Chloroquine related compound E 1.5 0.1
Any other individual impurity — 0.10
Total impurities — 2.0

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 16 h.
Acceptance criteria:  NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Chloroquine Phosphate RS 
USP Chloroquine Related Compound A RS 

4,7-Dichloroquinoline.
USP Chloroquine Related Compound D RS 

Monoethyl chloroquine.
USP Chloroquine Related Compound E RS 

5-Chloroquine isomer.
USP Chloroquine Related Compound G RS 

4-[(7-Chloroquinolin-4-yl)amino]-N,N-diethylpentan-1-amine oxide sulfate.

USP Hydroxychloroquine Sulfate RS 
USP Phenol RS  

BRIEFING

Corticotropin Zinc Hydroxide Injectable Suspension, USP 36 page 3106. The Biologics &
Biotechnology Monographs 1 Expert Committee recommended omission of this old monograph for
a drug product that is no longer manufactured or approved for therapeutic use in the United
States.

(BIO1: M. Kibbey.)    Correspondence Number—C128326

Comment deadline: July 31, 2013

Delete the following:
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Corticotropin Zinc Hydroxide Injectable Suspension

Corticotropin zinc hydroxide. 
Corticotropin zinc hydroxide [[9050-75-3]].

» Corticotropin Zinc Hydroxide Injectable Suspension is a sterile suspension
of corticotropin adsorbed on zinc hydroxide. Its potency is not less than 80.0
percent and not more than 125.0 percent of the potency stated on the label
in USP Corticotropin Units. It contains not less than 1800 µg and not more
than 2200 µg of zinc, and not less than 604 µg and not more than 776 µg of
anhydrous dibasic sodium phosphate, for each 40 USP Corticotropin Units.

Packaging and storage—Preserve in single-dose or multiple-dose containers, preferably of
Type I glass. Store at controlled room temperature.

Labeling—Label it to indicate that it is not recommended for intravenous use and that the
suspension is to be well shaken before use. The container label and the package label state the
potency in USP Corticotropin Units in each mL.

USP Reference standards 11 —
USP Ascorbic Acid RS
USP Corticotropin RS
USP Endotoxin RS

Bacterial endotoxins 85 —It contains not more than 3.1 USP Endotoxin Units per USP
Corticotropin Unit.

pH 791 : between 7.5 and 8.5, determined potentiometrically.

Zinc—Pipet a volume of the well-shaken Injectable Suspension, equivalent to about 6 mg of
zinc, into a 125-mL conical flask, and add 2 mL of a buffer mixture containing 5.4 g of
ammonium chloride and 26 mL of ammonium hydroxide in each 100 mL. Add 10 mL of water and
2 drops of eriochrome black TS, and titrate with 0.005 M edetate disodium VS to a clear blue
endpoint. Perform a blank titration, and make any necessary correction. Each mL of 0.005 M
edetate disodium is equivalent to 0.327 mg of Zn.

Anhydrous dibasic sodium phosphate—

Ammonium molybdate reagent— Dissolve 6.4 g of ammonium molybdate in 40 mL of water, and
add 50 mL of 10 N sulfuric acid. Mix, and dilute with water to 100 mL. This solution is stable for
about 2 weeks.

Stannous chloride reagent— Dissolve 1 g of stannous chloride in 5 mL of hydrochloric acid. Just
prior to use, dilute 1 mL of this solution with water to 100 mL.

Standard preparation— Weigh accurately about 275 mg of anhydrous dibasic sodium phosphate
(Na2HPO4) into a 1000-mL volumetric flask. Dissolve in and dilute with water to volume. Dilute
10 mL of this solution with water to 100 mL.

Test preparation— Pipet 1 mL of the well-shaken Injectable Suspension into a 25-mL volumetric
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flask, add 0.1 mL of 10 N sulfuric acid, mix, dilute with water to volume, and again mix.

Procedure— Into separate 100-mL volumetric flasks pipet duplicate 10-mL portions of Test
preparation, duplicate 10-mL portions of Standard preparation, and 10 mL of water to provide
a blank. Treat each flask as follows. Dilute the contents with water to 60 mL, then add 10 mL
of 10 N sulfuric acid, and mix. Add 10 mL of Ammonium molybdate reagent, mix, add 10 mL of
water, and again mix. Add slowly, with mixing, 5 mL of Stannous chloride reagent, dilute with
water to volume, and mix. Measure the absorbances of the solutions at 10 minutes, accurately
timed, after the first addition of the Stannous chloride reagent, at a wavelength of 710 nm,
with a suitable spectrophotometer, relative to the blank. Calculate the quantity, in µg, of
anhydrous dibasic sodium phosphate in the portion of Injectable Suspension taken by the
formula:

25C(AU / AS)

in which C is the concentration, in µg per mL, of Na2HPO4 in the Standard preparation; and AU

and AS are the absorbances of the solutions from the Test preparation and the Standard
preparation, respectively.

Other requirements—It meets the requirements under Injections 1 .

Assay—Add sufficient 0.1 N hydrochloric acid to Injectable Suspension to effect complete
solution, and using this in making the Assay preparation, proceed as directed in the Assay
under Corticotropin Injection.

BRIEFING

Erythromycin Delayed-Release Tablets, USP 36 page 3448. On the basis of comments
received, it is proposed to revise the Labeling section to omit the enteric-coating
requirements. The Nomenclature, Safety and Labeling Expert Committee supports the
removal of the enteric-coating requirement for delayed-release tablet dosage forms, thereby
providing flexibility to accommodate approved delayed-release products that do not utilize
enteric coatings. Additionally, it is proposed to incorporate the Tolerances section, currently

contained as the default value in Dissolution 711 , into the tests for Dissolution.

(SM1: A. Wise, M. Puderbaugh. NSL: A. Wilk.)
Correspondence Number—C127948

Comment deadline: July 31, 2013
Erythromycin Delayed-Release Tablets

DEFINITION

Erythromycin Delayed-Release Tablets contain NLT 90.0% and NMT 120.0% of the labeled
amount of erythromycin (C37H67NO13).

IDENTIFICATION
•  Thin-Layer Chromatography

Standard solution:  2.5 mg/mL of USP Erythromycin RS in methanol
Sample solution:  Nominally 2.5 mg/mL of erythromycin from powdered Tablets in methanol
Chromatographic system  

1S (USP37)

PF 39(3): May-Jun. 2013 273



(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  10 µL
Developing solvent system:  Methanol and chloroform (85:15)
Spray reagent:  Alcohol, p-methoxybenzaldehyde, and sulfuric acid (90:5:5)

Analysis 
Samples:  Standard solution and Sample solution

Place the plate in an unlined chromatographic chamber, and develop the chromatogram
until the solvent front has moved about 7 cm. Remove the plate from the chamber, mark
the solvent front, and allow the solvent to evaporate. Spray the plate with Spray

reagent. Heat the plate at 100  for 10 min, and examine the chromatogram, in which
erythromycin appears as a black-to-purple spot.

Acceptance criteria:  The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.

ASSAY

•  Antibiotics—Microbial Assays 81
Sample solution:  Place NLT 4 Tablets in a high-speed glass blender jar with 200 mL of

methanol, and blend for 3 min. Add 300 mL of Buffer B.3, and blend for 3 min.
Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to

obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard.

Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711 : Proceed as directed for Procedure for Method B in Procedure,
Apparatus 1 and Apparatus 2, Delayed-Release Dosage Forms.

Test 1:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 1.
Acid stage 

Medium:  Simulated gastric fluid TS (without pepsin), 900 mL
Apparatus 1:  100 rpm
Time:  60 min
Analysis:  Do not analyze the sample at this stage.

Buffer stage 
Medium:   0.05 M pH 6.8 phosphate buffer (see Reagents, Indicators, and Solutions—

Buffer Solutions)
Apparatus 1:  100 rpm
Time:  60 min
Buffer:  pH 1.2 buffer (see Reagents, Indicators, and Solutions—Buffer Solutions)
Solution A:   1 g/L of bromocresol purple in pH 4.5 phosphate buffer
Standard solution:  0.28 mg/mL of USP Erythromycin RS in Medium
Sample solution:  Pass portions of the solution under test through a suitable filter.
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Detector:  UV 410 nm
Analysis 

Samples:  Standard solution and Sample solution

Transfer 2.0 mL of the Standard solution and the Sample solution to individual
separators of a suitable size. Add 6 mL of Buffer and 8 mL of Solution A, and mix.
Extract with 40.0 mL of chloroform. Determine the amount of erythromycin
(C37H67NO13) dissolved from UV absorbances of the chloroform extracts.
Tolerances:  NLT 75% (Q) of the labeled amount of erythromycin (C37H67NO13) is
dissolved.

Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2. Proceed as directed under Test 1, except to use Apparatus 2 at 75
rpm.

•  Uniformity of Dosage Units 905 : Meet the requirements

SPECIFIC TESTS

•  Water Determination, Method I 921
Analysis:  Use 20 mL of methanol containing 10% of imidazole in place of methanol in the

titration vessel.
Acceptance criteria:  NMT 6.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:
•  Labeling: The label indicates that the Tablets are enteric-coated.

The labeling indicates the Dissolution Test with which the product complies.

•  USP Reference Standards 11
USP Erythromycin RS 

BRIEFING

Fluorouracil, USP 36 page 3629. As part of USP monograph modernization efforts, it is
proposed to make the following changes:

1. The Assay is revised based on a new validation to replace the Mobile phase of 100%
water with a mixture of acetonitrile and Buffer. The liquid chromatographic procedure
in the Assay is based on analyses performed with the YMC-Pack ODS-AQ brand of L1
column. The typical retention time for fluorouracil is about 4.5 min.

2. The test for Organic Impurities is adopted from the current monograph for Fluorouracil
in the European Pharmacopoeia. The liquid chromatographic procedure in the test for
Organic Impurities is based on analyses performed with the Spherisorb ODS2 or
Inertsil ODS2 brand of L1 column. The typical retention time for fluorouracil is about
6 min.

3. The test for Limits of Fluorouracil Related Compound F and Urea by thin-layer
chromatography is also adopted from the current monograph for Fluorouracil in the
European Pharmacopoeia 7.0.

4. Identification test C by wet chemistry is replaced with the retention time agreement in
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the test for Organic Impurities. The calculation for absorptivities in Identification
test B is also deleted.

5. The redundant test for Content of Fluorine by wet chemistry is deleted, because the
tests for Organic Impurities and Limits of Fluorouracil Related Compound F and Urea
are added in this revision proposal.

6. The USP Reference Standards section is updated to include the USP Reference
Standards supporting this revision.

(SM3: F. Mao.)
Correspondence Number—C116666; C127325

Comment deadline: July 31, 2013
Fluorouracil

C4H3FN2O2       130.08 

2,4(1H,3H)-Pyrimidinedione, 5-fluoro-;     
5-Fluorouracil     [51-21-8].

DEFINITION

Fluorouracil contains NLT 98.0% and NMT 102.0% of fluorouracil (C4H3FN2O2), calculated on
the dried basis.
[Caution—Great care should be taken to prevent inhaling particles of Fluorouracil and exposing
the skin to it.]

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:

•  B. Ultraviolet Absorption 197U
Medium:  pH 4.7 acetate buffer prepared from 8.4 g of sodium acetate and 3.35 mL of

glacial acetic acid mixed with water to make 1000 mL
Sample solution:  10 µg/mL in Medium
Analytical wavelength:  266 nm
Acceptance criteria:  Absorptivities differ NMT 3.0%, calculated on the dried basis.

Acceptance criteria:  Meets the requirements

Change to read:
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•  C. Procedure
Sample solution:  10 mg/mL in water
Analysis:  To 5 mL of the Sample solution, add 1 mL of bromine water TS.
Acceptance criteria:  The bromine color is discharged.

The retention time of the major peak of the Sample solution corresponds to that of the
Identification solution, as obtained in the test for Organic Impurities.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Water
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample solution:  10 µg/mL of Fluorouracil in water
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Relative standard deviation:  NMT 2.0%

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 5M potassium
hydroxide to a pH of 5.7 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (5:95)
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample solution:  10 µg/mL of Fluorouracil in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.73%, Standard solution
Tailing factor:  NMT 1.5, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of fluorouracil (C4H3FN2O2) in the portion of Fluorouracil taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (µg/mL)
CU= concentration of Fluorouracil in the Sample solution (µg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

OTHER COMPONENTS

Delete the following:
•  Content of Fluorine

[Note—All laboratory utensils used in this procedure should be scrupulously clean and free from
even trace amounts of fluoride. The use of plasticware, wherever possible, in the solution
and storage of solutions and for measurement of potentials is recommended. ]

Solution A: Dilute 295 mL of isopropyl alcohol with water to 500 mL.
Solution B: Transfer 55 g of sodium chloride to a 1-L volumetric flask, and add 500 mg of

sodium citrate, 255 g of sodium acetate, and 300 mL of water. Shake to dissolve, and add
115 mL of glacial acetic acid. Cool to room temperature, add 300 mL of isopropyl alcohol,
dilute with water to volume, and mix. The pH of the resulting solution is 5.0–5.5.

Reagent blank: Pipet 15 mL of 1,2-dimethoxyethane into a flat-bottom, glass-joint, 500-mL
flask. Add the contents of a 15-mL vial of sodium biphenyl solution through a long-stem
funnel to prevent splattering, swirl the flask gently, and cover with a watch crystal. Allow
to stand at room temperature for 20 min, then cautiously add 50.0 mL of isopropyl alcohol
while swirling the flask. Add 10.0 mL of 30% hydrogen peroxide and 4.0 mL of 1 N sodium
hydroxide, and connect the flask to a water-cooled reflux condenser that has previously
been cleaned with water and isopropyl alcohol and dried. Place the flask on a hot plate,

set at 245 , and reflux for 1 h. Cool to room temperature, rinse the condenser with 15 mL
of Solution A, transfer the contents of the flask to a 250-mL volumetric flask using
Solution A as a rinse, dilute with the same solvent to volume, and mix.

Modified calomel reference electrode: Mix 70 mL of a freshly prepared saturated
potassium chloride solution with 30 mL of isopropyl alcohol, fill the electrode with the clear
supernatant, and allow the electrode to soak in the remainder of the solution for a
minimum of 2 h before using. Store the electrode immersed in the potassium chloride-
isopropyl alcohol solution when not in use.

Standard stock solution: Transfer 2.211 g of sodium fluoride, previously dried at 150  for 4
h, to a 1-L volumetric flask, and dissolve in 200 mL of water. Add 1 mL of 40 mg/mL
sodium hydroxide solution, and dilute with water to volume. [Note—Store this solution in
plastic containers. 1 mL of this solution is equivalent to 1 mg of fluoride. ]

Sample stock solution: Transfer 200 mg of Fluorouracil to a 250-mL volumetric flask, add
150 mL of 1,2-dimethoxyethane, shake by mechanical means to dissolve, dilute with the
same solvent to volume, and mix. Pipet 15 mL of this solution into a flat-bottom, glass-
joint, 500-mL flask. Add the contents of a 15-mL vial of sodium biphenyl solution through
a long-stem funnel to prevent splattering, swirl the flask gently, and cover with a watch
crystal. Allow to stand at room temperature for 20 min, then cautiously add 50.0 mL of
isopropyl alcohol while swirling the flask. Add 10.0 mL of 30% hydrogen peroxide and 4.0
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mL of 1 N sodium hydroxide, and connect the flask to a water-cooled reflux condenser
that has previously been cleaned with water and isopropyl alcohol and dried. Place the

flask on a hot plate, set at 245 , and reflux for 1 h. Cool to room temperature, rinse the
condenser with 15 mL of Solution A, transfer the contents of the flask to a 250-mL
volumetric flask using Solution A as a rinse, dilute with the same solvent to volume, and
mix.

Sample solution: Transfer 15 mL of the Sample stock solution to a 100-mL volumetric
flask, and dilute with Solution B to volume.

Analysis 
Samples: Standard stock solution and Sample solution

Standard curve: Dilute 10.0 mL of Standard stock solution with water to 100 mL. Into
each of four 100-mL volumetric flasks, pipet 0.8, 1.0, 1.2, and 1.6 mL, respectively, of
the resulting solution. To each flask, add 15 mL of Reagent blank, dilute with Solution
B to volume, and mix. Use these dilutions, containing, respectively, 0.8, 1.0, 1.2, and
1.6 µg/mL, to construct the standard curve as follows. Determine the potentials of
each solution as directed in Procedure below. For each of the standards, plot the
results of fluorine concentration, as the abscissa, in mg/100 mL versus the potential,
as the ordinate, on semilogarithmic graph paper. Draw the best straight line through
the plotted points.

Procedure: Measure the potential, in mV, of the Sample solution, with a suitable pH
meter having a minimum reproducibility of ±0.2 mV, and equipped with a fluoride-
specific ion electrode and a glass-sleeved Modified calomel reference electrode. When
taking a measurement, immerse the electrodes in the solution, which has been
transferred to a 150-mL plastic beaker; insert a suitable plastic-coated stirring bar;
place the beaker on a magnetic stirrer, taking adequate precautions to prevent heat
transfer; and stir for 2 min before reading. Dry the electrodes between measurements,
taking care not to scratch the crystal surface of the specific ion electrode. Determine
the quantity of fluorine, in mg/100 mL of the Sample solution, from the Standard
curve. Multiply the quantity by the factor 138.9 to express the result as a
percentage.

Acceptance criteria: 13.9%–15.0% of fluorine, calculated on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:
•  Organic Impurities 

Protect the Identification solution, Standard solution, and Sample solution from light.
Mobile phase:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 5M

potassium hydroxide to a pH of 5.7 ± 0.1.
Identification solution:  0.1 mg/mL of USP Fluorouracil RS in Mobile phase. [Note—Inject

Identification solution in the test for Identification test C.]
Standard solution:  0.1 µg/mL each of USP Fluorouracil RS, USP Fluorouracil Related

Compound A RS, USP Fluorouracil Related Compound B RS, and USP Uracil RS; and 0.2
µg/mL each of USP Fluorouracil Related Compound D RS and USP Fluorouracil Related
Compound E RS in Mobile phase
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Sample solution:  0.1 mg/mL of Fluorouracil in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 266 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL
Run time:  NLT 3 times the retention time of the fluorouracil peak

System suitability 
Sample:  Standard solution
Suitability requirements:  

Resolution:  NLT 2 between the uracil and fluorouracil peaks
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of fluorouracil related compound A, fluorouracil related
compound B, and uracil in the portion of Fluorouracil taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of relevant fluorouracil related compound from the Sample solution
rS= peak response of relevant fluorouracil related compound from the Standard solution
CS= concentration of relevant fluorouracil related compound in the Standard solution

(mg/mL)
CU= concentration of Fluorouracil in the Sample solution (mg/mL)

Calculate the percentage of fluorouracil related compound D, fluorouracil related
compound E, and any unspecified impurity in the portion of Fluorouracil taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of fluorouracil from the Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (mg/mL)
CU= concentration of Fluorouracil in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1)
Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.05%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Fluorouracil related compound Aa 0.5 — 0.15

Fluorouracil related compound Bb 0.7 — 0.15

Uracil 0.9 — 0.15
Fluorouracil 1.0 — —
Fluorouracil related compound Dc 1.6 0.67 0.15
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Fluorouracil related compound Ed 1.9 0.77 0.15

Any individual unspecified impurity — 1.0 0.10
Total Impurities — — 0.5

a  Pyrimidine-2,4,6(1H,3H,5H)-trione.
b  Dihydropyrimidine-2,4,5(3H)-trione.
c  5-Methoxypyrimidine-2,4(1H,3H)-dione.
d  5-Chloropyrimidine-2,4(1H,3H)-dione.

Add the following:
•  Limits of Fluorouracil Related Compound F and Urea

Diluent:  Methanol and water (1:1)
Standard solution A:  0.025 mg/mL of USP Fluorouracil Related Compound F RS in Diluent
Standard solution B:  0.02 mg/mL of USP Urea RS in methanol
Sample solution:  10 mg/mL of Fluorouracil in Diluent
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  Chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Ethyl acetate, methanol, and water (70:15:15)
Reagent:  Prepare a 10-mg/mL solution of p-dimethylaminobenzaldehyde in anhydrous

alcohol. Prepare a mixture of this solution and hydrochloric acid (10:1).
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution
Procedure:  Develop with Developing solvent system, followed by air drying. Examine the

plate under UV light at 254 nm for related compound F. Spray the plate at least twice

with Reagent, and dry the plate in an oven at 80  for 3–4 min. Examine the plate under
daylight for urea. [Note—The urea produces a yellow spot, and fluorouracil is not
detected by the spray.]

Acceptance criteria:  The spot of fluorouracil related compound F in the Sample solution
is not more intense than the spot of fluorouracil related compound F from Standard
solution A (NMT 0.25%). The spot of urea in the Sample solution is not more intense
than the spot of urea from Standard solution B (NMT 0.2%).

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry under vacuum over phosphorus pentoxide at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
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USP Fluorouracil RS 

USP Fluorouracil Related Compound A RS 
Pyrimidine-2,4,6(1H,3H,5H)-trione. 
C4H4N2O3      128.09

USP Fluorouracil Related Compound B RS 
Dihydropyrimidine-2,4,5(3H)-trione. 
C4H4N2O3      128.09

USP Fluorouracil Related Compound D RS 
5-Methoxypyrimidine-2,4(1H,3H)-dione. 
C5H6N2O3      142.11

USP Fluorouracil Related Compound E RS 
5-Chloropyrimidine-2,4(1H,3H)-dione. 
C4H3ClN2O2      146.53

USP Fluorouracil Related Compound F RS 
2-Ethoxy-5-fluoropyrimidin-4(1H)-one. 
C6H7FN2O2      158.13)

USP Uracil RS  
Uracil. 
C4H4N2O2      112.09

USP Urea RS  
Urea. 
CH4N2O      60.06

BRIEFING

Fluorouracil Cream, USP 36 page 3630. On the basis of comments received, it is proposed to
make the following changes:

1. The Identification test A by thin-layer chromatography is replaced with an Infrared
Absorption test. Identification test B by retention time agreement in the Assay is
added.

2. The Assay is revised to replace the Mobile phase of 100% water with a mixture of
acetonitrile and Buffer to be consistent with the Assay procedure in the Fluorouracil
monograph. The liquid chromatographic procedure in the Assay is based on analyses
performed with the YMC-Pack ODS-AQ brand of L1 column. The typical retention
time for fluorouracil is about 4.5 min.

3. The test for Limit of Urea by thin-layer chromatography is adopted from the current
monograph for Fluorouracil Cream in the British Pharmacopoeia.

4. The USP Reference Standards section is updated to include the USP Urea RS in
supporting this revision.

(SM3: F. Mao.)
Correspondence Number—C128561

Comment deadline: July 31, 2013
Fluorouracil Cream

DEFINITION
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Fluorouracil Cream contains NLT 90.0% and NMT 110.0% of the labeled amount of fluorouracil
(C4H3FN2O2). It may contain Sodium Hydroxide to adjust the pH.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatography

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, previously dried and

activated at 105  for 5 min
Standard solution: 0.1 mg/mL of USP Fluorouracil RS in alcohol
Sample solution: Equivalent to 0.1 mg/mL of fluorouracil, from Cream, in alcohol. Shake

until dissolved.
Application volume: 100 µL in 20-µL increments
Developing solvent system: Ethyl acetate, methanol, and ammonium hydroxide (75:25:1)
Visualization: Short-wavelength UV
Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram until the solvent front has moved 15 cm beyond the initial
spotting line. Remove the plate and air-dry for 15 min.

Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.

Add the following:
•  A. Infrared Absorption <197M>

Sample:  Dry a portion of Cream nominally equivalent to 50 mg of fluorouracil at a pressure
NMT 0.7 kPa. Mix with 100 mL of ether. Decant, and wash the residue with 50 mL of
ether, and allow to air dry.

Acceptance criteria:  Meets the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Water
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample stock solution:  Norminally equivalent to 0.1 mg/mL of fluorouracil prepared as

follows. Transfer a portion of Cream, norminally equivalent 10 mg of fluorouracil, into a
100-mL volumetric flask. Add 20 mL of methanol and mix on a vortex mixer to dissolve,
dilute with water to volume.

Sample solution:  10 µg/mL of fluorouracil in water, from Sample stock solution. Mix and
filter.

Chromatographic system 

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Relative standard deviation:  NMT 2.0%

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 5 M potassium
hydroxide to a pH of 5.7 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (5:95)
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample stock solution:  Nominally equivalent to 0.1 mg/mL of fluorouracil prepared as

follows. Transfer a portion of Cream, nominally equivalent to 10 mg of fluorouracil, into
a 100-mL volumetric flask. Add 20 mL of methanol, and mix on a vortex mixer to
dissolve. Dilute with water to volume.

Sample solution:  10 µg/mL of fluorouracil in water, from Sample stock solution. Mix,
and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.73%, Standard solution
Tailing factor:  NMT 1.5, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of fluorouracil (C4H3FN2O2) in the portion of
Cream taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (µg/mL)
CU= nominal concentration of fluorouracil in the Sample solution (µg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
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Add the following:
•  Limit of Urea

Standard solution:  0.05 mg/mL of USP Urea RS in water
Sample solution:  Nominally equivalent to 5 mg/mL of fluorouracil prepared as follows.

Shake a portion of Cream containing 100 mg of fluorouracil with 10 mL of water for 5 min.
Add 10 mL of alcohol, and mix. Pass through a glass-fiber filter, and use the filtrate.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  Chromatographic silica gel
Application volume:  20 µL
Developing solvent system:  Ethyl acetate, acetone, and water (70:40:10)
Reagent solution:  Prepare a 10-mg/mL solution of p-dimethylaminobenzaldehyde in

alcohol. Prepare a mixture of this solution and hydrochloric acid (10:1).
Analysis 

Samples:  Standard solution and Sample solution
Procedure:  Develop with Developing solvent system, followed by air drying. Spray the

plate at least twice with Reagent solution, and dry the plate in an oven at 100  until the
maximum intensity of the spots is obtained. Examine the plate under daylight.

Acceptance criteria:  NMT 1.0%; the spot of urea in the Sample solution is not more
intense than the spot of urea from the Standard solution.

PERFORMANCE TESTS

•  Minimum Fill 755 : Meets the requirements

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

Change to read:

•  USP Reference Standards 11
USP Fluorouracil RS 

USP Urea RS  
Urea. 
CH4N2O      60.06

BRIEFING

Fluorouracil Injection, USP 36 page 3631. On the basis of comments received, it is proposed
to make the following changes:

1. The acceptance criteria in the Definition are revised to be expressed as a percentage of
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1. The acceptance criteria in the Definition are revised to be expressed as a percentage of
the labeled amount of fluorouracil and not as its expected concentration in the
product, to be consistent with other Fluorouracil product monographs.

2. The Identification test C by wet chemistry is deleted because Identification test A and
Identification test B provide sufficient information for identification.

3. The Assay is revised to replace the Mobile phase of 100% water with a mixture of
acetonitrile and Buffer to be consistent with the Assay procedure in the Fluorouracil
monograph. The liquid chromatographic procedure in the Assay is based on analyses
performed with the YMC-Pack ODS-AQ brand of L1 column. The typical retention
time for fluorouracil is about 4.5 min.

4. The test for Limit of Urea based on a TLC procedure is adopted from the current
monograph for Fluorouracil Injection in the British Pharmacopoeia.

5. The USP Reference Standards section is updated to include the USP Urea RS.

(SM3: F. Mao.)
Correspondence Number—C128563

Comment deadline: July 31, 2013
Fluorouracil Injection

DEFINITION

Change to read:

Fluorouracil Injection is a sterile solution of Fluorouracil in Water for Injection, prepared with
the aid of Sodium Hydroxide. It contains in each mL, NLT 45 mg and NMT 55 mg of fluorouracil
NLT 90.0% and NMT 110.0% of the labeled amount of fluorouracil

(C4H3FN2O2).
[Note—If a precipitate is formed as a result of exposure to low temperatures, redissolve it by

heating to 60  with vigorous shaking, and allow to cool to body temperature prior to use.]

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Infrared Absorption 197M
Sample:  Carefully acidify a portion of Injection, equivalent to 100 mg of fluorouracil, with

glacial acetic acid. Stir, and slightly chill the solution to precipitate the fluorouracil. Collect
the precipitate, wash with 1 mL of water, and then dry under vacuum over phosphorus

pentoxide at 80  for 4 h.
Acceptance criteria:  Meets the requirements

Delete the following:
•  C. Procedure

Sample solution: Equivalent 10 mg/mL of fluorouracil in water, form Injection
Analysis: To 5 mL of the Sample solution, add 1 mL of bromine water TS.
Acceptance criteria: The bromine color is discharged.

ASSAY
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Change to read:
•  Procedure

Mobile phase:  Water
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample solution:  Norminally equivalent to 10 µg/mL of fluorouracil, from Injection in water
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in mg, of C4H3FN2O2 in the volume of Injection taken:

Result = (rU/rS) × 5(CS/V)

rU= peak response from Sample solution
rS= peak response from Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (µg/mL)
V= volume of the Injection taken for the Sample solution (mL)

Acceptance criteria:  45–55 mg/mL
Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 5 M potassium
hydroxide to a pH of 5.7 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (5:95)
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample solution:  Nominally equivalent to 10 µg/mL of fluorouracil, from Injection in

water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.73%, Standard solution
Tailing factor:  NMT 1.5, Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of fluorouracil (C4H3FN2O2) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (µg/mL)
CU= nominal concentration of fluorouracil in the Sample solution (µg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES

Add the following:
•  Limit of Urea

Standard solution:  0.05 mg/mL of USP Urea RS in water
Sample solution:  Nominally equivalent to 5 mg/mL of fluorouracil in water, from Injection
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  Chromatographic silica gel
Application volume:  20 µL
Developing solvent system:  Ethyl acetate, methanol, and water (70:15:15)
Reagent solution:  Prepare a 10-mg/mL solution of p-dimethylaminobenzaldehyde in

alcohol. Prepare a mixture of this solution and hydrochloric acid (10:1).
Analysis 

Samples:  Standard solution and Sample solution
Procedure:  Develop with Developing solvent system, followed by air drying. Spray the

plate at least twice with Reagent solution, and dry the plate in an oven at 100  until the
maximum intensity of the spots is obtained. Examine the plate under daylight.

Acceptance criteria:  NMT 1.0%; the spot of urea in the Sample solution is not more
intense than the spot of urea from the Standard solution.

SPECIFIC TESTS

•  pH 791 : 8.6–9.4

•  Bacterial Endotoxins Test 85 : NMT 0.33 USP Endotoxin Unit/mg of fluorouracil

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass, and

store at controlled room temperature. Avoid freezing and exposure to light.
•  Labeling: Label it to indicate the expiration date, which is NMT 24 months after date of

manufacture.

1S (USP37)
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Change to read:

•  USP Reference Standards 11
USP Endotoxin RS
USP Fluorouracil RS 

USP Urea RS  
Urea. 
CH4N2O       60.06

BRIEFING

Fluorouracil Topical Solution, USP 36 page 3631. On the basis of comments received, it is
proposed to make the following changes:

1. The Identification test A by thin-layer chromatography is replaced by retention time
agreement in the Assay. The Identification section is strengthened by addition of a
UV spectroscopy-based Identification test B procedure.

2. The Assay is revised to replace the Mobile phase of 100% water with a mixture of
acetonitrile and Buffer to be consistent with the Assay procedure in the Fluorouracil
monograph. The liquid chromatographic procedure in the Assay is based on analyses
performed with the YMC-Pack ODS-AQ brand of L1 column. The typical retention
time for fluorouracil is about 4.5 min.

(SM3: F. Mao.)
Correspondence Number—C128562

Comment deadline: July 31, 2013
Fluorouracil Topical Solution

DEFINITION

Fluorouracil Topical Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
fluorouracil (C4H3FN2O2).

IDENTIFICATION

Change to read:
•  A. Thin-Layer Chromatography

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture, previously dried and

activated at 105  for 5 min
Standard solution:  0.1 mg/mL of USP Fluorouracil RS in alcohol
Sample solution:  Equivalent to 0.1 mg/mL of fluorouracil, from Topical Solution, in

alcohol. Shake until dissolved.
Application volume:  100 µL in 20-µL increments
Developing solvent system:  Ethyl acetate, methanol, and ammonium hydroxide

(75:25:1)
Visualization:  Short-wavelength UV
Analysis 

Samples:  Standard solution and Sample solution

1S (USP37)
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Develop the chromatogram until the solvent front has moved 15 cm beyond the initial
spotting line. Remove the plate and air-dry for 15 min.

Acceptance criteria:  The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Water
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample solution:  Norminally equivalent to 10 µg/mL of fluorouracil in water, from Solution
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Relative standard deviation:  NMT 2.0%

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 5M potassium
hydroxide to a pH of 5.7 ± 0.1.
Mobile phase:  Acetonitrile and Buffer (5:95)
Standard solution:  10 µg/mL of USP Fluorouracil RS in water
Sample stock solution:  Nominally equivalent to 0.1 mg/mL of fluorouracil prepared as

follows. Transfer a portion of Topical Solution, nominally equivalent to 10 mg of
fluorouracil, into a 100-mL volumetric flask. Add 20 mL of methanol, and mix on a vortex
mixer to dissolve. Dilute with water to volume.

Sample solution:  10 µg/mL of fluorouracil in water, from Sample stock solution. Mix,
and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min

1S (USP37)
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Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.73%, Standard solution
Tailing factor:  NMT 1.5, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of fluorouracil (C4H3FN2O2) in the portion of
Topical Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluorouracil RS in the Standard solution (µg/mL)
CU= nominal concentration of fluorouracil in the Sample solution (µg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Staphylococcus aureus and
Pseudomonas aeruginosa.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Fluorouracil RS 

BRIEFING

Hydrocodone Bitartrate, USP 36 page 3825 and PF 37(4) [July–Aug. 2011]. On the basis of
comments received, the following revisions are proposed:

1. Replace the Ultraviolet Absorption test under Identification test B with a
chromatographic retention time comparison based on HPLC.

2. Revise the quantity of methanol used in Solution A in the Assay, as proposed in PF
37(4).

3. Revise Table 2 of the Organic Impurities test to comply with the International
Conference on Harmonization guidelines and change the criterion for the Relative
standard deviation of the Standard solution of the Organic Impurities section from
2.0% to 5.0%.

4. Other minor revisions based on style have also been made.

(SM2: C. Anthony.)
Correspondence Number—C42261; C113524

1S (USP37)
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Comment deadline: July 31, 2013
Hydrocodone Bitartrate

C18H21NO3·C4H6O6·2½H2O       494.49 

Morphinan-6-one, 4,5-epoxy-3-methoxy-17-methyl-, (5 )-, [R-(R*,R*)]-2,3-
dihydroxybutanedioate (1:1), hydrate (2:5);     
4,5 -Epoxy-3-methoxy-17-methylmorphinan-6-one tartrate (1:1) hydrate (2:5)     [34195-34-
1]; [6190-38-1].
Anhydrous           449.45 [143-71-5]. 

DEFINITION

Change to read:

Hydrocodone Bitartrate, dried in a vacuum at 105  for 2h,

contains NLT 98.0% and NMT 102.0% of C18H21NO3·C4H6O6,
calculated on the anhydrous basis.

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197M

•  B. Ultraviolet Absorption 197U
Sample solution:  100 µg/mL in 0.1 N sulfuric acid
Acceptance criteria:  Meets the requirements

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure
[Note—Dry both the USP Hydrocodone Bitartrate RS and the Hydrocodone Bitartrate materials

in a vacuum at 105  for 2 h. Immediately transfer the dried materials to a desiccator
containing phosphorus pentoxide. Weigh each dried material individually within 1 min, and
proceed with the Assay.]
Solution A:  Acetonitrile, diethylamine, and water (800:1:4)
Mobile phase:  Methanol and Solution A (45:55)
System suitability stock solution:  0.4 mg/mL of USP Dihydrocodeine Bitartrate RS and

0.6 mg/mL of USP Hydrocodone Bitartrate, in methanol
System suitability solution:  System suitability stock solution and water (1:1)
Standard solution:  10 mg of previously dried USP Hydrocodone Bitartrate RS, in a 10-mL

volumetric flask, add 5 mL of water, mix to dissolve and dilute to volume with methanol.
Sample solution:  1 mg/mL of hydrocodone bitartrate prepared as follows. Transfer 100

1S (USP37)
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mg of hydrocodone bitartrate from previously dried Hydrocodone Bitartrate, into a 100-
mL volumetric flask, add 50 mL of water, and mix to dissolve. Dilute with methanol to
volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 280 nm
Column:  4.6 mm × 25 cm; packing L3
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution and Standard solution
[Note—The relative retention times for hydrocodone and dihydrocodeine are about 0.7

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between hydrocodone and dihydrocodeine, System suitability
solution

Relative standard deviation:  NMT 1.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of hydrocodone bitartrate (C18H21NO3·C4H6O6) in the portion of
Hydrocodone Bitartrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= hydrocodone bitartrate peak area from the Sample solution
rS= hydrocodone bitartrate peak area from the Standard solution
CS= concentration of USP Hydrocodone Bitartrate RS in the Standard solution (mg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% dried in a vacuum at 105  for 2h on the
anhydrous basis.

Solution A:  Dissolve 5.75 g of monobasic ammonium phosphate in 900 mL of water, and
adjust with phosphoric acid to a pH of 3.0 ± 0.1. Add 100
93

mL of methanol.
Solution B:  Methanol and water (4:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
6 100 0
30 0 100
31 100 0
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40 100 0
Standard solution:  2 mg/mL of USP Hydrocodone RS in Solution A
Sample solution:  3 mg/mL of Hydrocodone Bitartrate in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  60
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of hydrocodone bitartrate (C18H21NO3·C4H6O6) in the portion
of Hydrocodone Bitartrate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Hydrocodone RS in the Standard solution (µg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (µg/mL)
Mr1= molecular weight of hydrocodone bitartrate, 449.46
Mr2= molecular weight of hydrocodone, 299.37
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Chloride

Sample:  10 mL of a 10-mg/mL solution
Analysis:  Acidify the Sample with nitric acid and add a few drops of silver nitrate TS.
Acceptance criteria:  No opalescence is produced immediately.

Change to read:
•  Organic Impurities

Solution A, Solution B, Mobile phase, Sample solution, and Chromatographic system:
 Proceed as directed in the Assay.

Standard solution:  15 µg/mL of USP Dihydrocodeine Bitartrate RS and 10 µg/mL of USP
Hydrocodone RS in Solution A

System suitability 
Sample:  Standard solution
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Suitability requirements 
Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%
5.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage
individual percentages

of dihydrocodeine bitartrate
and hydrocodone diol bitartrate

in the portion of Hydrocodone Bitartrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of dihydrocodeine bitartrate or hydrocodone diol bitartrate from the
Sample solution

rS= peak response
of dihydrocodeine

from the Standard solution
CS= concentration of USP Dihydrocodeine Bitartrate RS in the Standard solution (µg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (µg/mL)

Calculate the percentage of any unspecified
other

impurity in the portion of Hydrocodone Bitartrate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response for any unspecified
other

impurity from the Sample solution
rS= peak response of hydrocodone from the Standard solution
CS= concentration of USP Hydrocodone Bitartrate

RS in the Standard solution (µg/mL)
CU= concentration of Hydrocodone Bitartrate in the Sample solution (µg/mL)
Mr1= molecular weight of Hydrocodone Bitartrate, 449.46
Mr2= molecular weight of Hydrocodone, 299.37

Acceptance criteria:  See Table 2.

Table 2

Name

Relative 
Retention 

Time

Acceptance 
Criteria, 
NMT (%)

Dihydrocodeinea,b
0.84

0.5
0.15

Hydrocodone diolc
0.88

0.5
0.15

Hydrocodone bitartratea

1.00 —
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Unspecified impurity Aa 1.13 0.5

Hydrocodone aldol dimera,d 1.19 0.5
0.15

Unspecified impurity Ba 1.26 0.5

Unspecified impurity Ca 1.74 0.5

7-Cyclohexenyl hydrocodoneebitartrate
1.77

0.5
0.15

Any individual unspecified impurity — 0.10
Total impuritiesf — 2.0

a  Process impurity.

b  Morphinan-6-ol, 4,5-epoxy-3-methoxy-17-methyl-.
c  4,5-Dihydroxy-3-methoxy-17-methylmorphinan-6-one.
d  7-(4,5-Epoxy-6-hydroxy-3-methoxy-17-methylmorphinan-6-yl)-4,5-epoxy-3-methoxy-

17-methylmorphinan-6-one.
e  4,5-Epoxy-7-(cyclohex-1-en-1yl)-3-methoxy-17-methylmorphinan-6-one.
f  Disregard any peak less than 0.05%.

SPECIFIC TESTS

•  Optical Rotation 781S , Specific Rotation
Sample solution:  20 mg/mL (undried)
Analysis:  Calculate the result on the basis of the undried aliquot.

Acceptance criteria:  –79  to –84

•  pH 791
Sample solution:  20 mg/mL
Acceptance criteria:  3.2–3.8

Delete the following:

•  Loss on Drying 731

Analysis: Dry in a vacuum at 105  for 2 h. (See the Note in the Assay for precautions
regarding handling of the dried material.)

Acceptance criteria: 7.5% –-12.0%

Add the following:

•  Water Determination 921 , Method I: 7.5%–12.0% 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Dihydrocodeine Bitartrate RS  

1S (USP37) 1S (USP37) 1S (USP37)

1S (USP37)

1S (USP37) 1S (USP37) 1S (USP37)

1S (USP37) 1S (USP37) 1S (USP37)

1S (USP37) 1S (USP37)

1S (USP37) 1S (USP37) 1S (USP37)
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Morphinan-6-ol, 4,5-epoxy-3-methoxy-17-methyl-, (5 ,6 )-2,3-dihydroxybutanedioate
(1:1).
C18H23NO3 ·C4H6 O6      451.47

USP Hydrocodone Bitartrate RS 
USP Hydrocodone Bitartrate Related Compound A RS
USP Hydrocodone RS  

4,5 -Epoxy-3-methoxy-17-methylmorphinan-6-one. 
C18H21NO3       299.36

BRIEFING

Insulin Aspart, page 1535 of PF 36(6) [Nov.–Dec. 2010]. On the basis of comments received,
the following revisions are proposed:

1. In Peptide Mapping, the instructions on how to prepare the Sulfate buffer solution and
HEPES buffer solution are added.

2. In Peptide Mapping, pH 2.0 in Solution A and Solution B is omitted because there is no
need to measure the pH for Sulfate buffer solution.

3. In Peptide Mapping, correct preparation for Standard solution and Sample solution is
provided.

4. In Impurities, the Residue on Ignition test is added to harmonize with the European
Pharmacopoeia 7.7.

5. The acceptance criterion for the Limit of High Molecular Weight Proteins is changed
from NMT 1.0% to NMT 0.5% to harmonize with the European Pharmacopoeia 7.7.

6. In Limit of High Molecular Weight Proteins, the Standard solution is omitted because it is
not needed.

7. The liquid chromatographic procedure in Peptide Mapping is based on analyses
performed with the Merck Lichrosorb RP-C8 brand of L7 column.

8. The liquid chromatographic procedure in the Assay and Related Proteins is based on
analyses performed with the Merck Lichrosorb RP-C18 brand of L1 column. The
retention time for the insulin aspart peak is 20–24 min.

9. The liquid chromatographic procedure in Limit of High Molecular Weight Proteins is based
on analyses performed with the Waters Insulin HMWP brand of L20 column.

10. Make minor editorial changes to be consistent with current USP style.

(BIO1: E. Chang.)
Correspondence Number—C89030

Comment deadline: July 31, 2013

Add the following:
Insulin Aspart

C256H381N65O79S6       5825.54 

28B-l-Aspartic acid-insulin (human)     [116094-23-6].

DEFINITION

1S (USP37)

1S (USP37)

PF 39(3): May-Jun. 2013 297



Insulin Aspart is a 2-chain peptide containing 51 amino acids. The A-chain is composed of 21
amino acids, and the B-chain is composed of 30 amino acids. It is identical in primary structure
to human insulin, except that it has an aspartic acid instead of proline at position 28 of the B-
chain. As in human insulin, insulin aspart contains 2 interchain disulfide bonds, and 1 intrachain
disulfide bond. 
Insulin aspart is produced by microbial synthesis via a recombinant DNA process. The content
of insulin aspart is NLT 90.0% and NMT 104.0% of insulin aspart (C256H381N65O79S6) plus
A21Asp insulin aspart, B3Asp insulin aspart, B3isoAsp insulin aspart, and B28isoAsp insulin
aspart, on the dried basis. The host cell-derived protein content is below the limit approved by
the competent authority. The content of single-chain precursor is determined by a suitably
sensitive method and is below the limit approved by the competent authority. 
[Note—One USP Insulin Aspart Unit is equivalent to 0.0350 mg of pure insulin aspart.]

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.
•  B. Peptide Mapping

(See Biotechnology-Derived Articles—Peptide Mapping 1055 .)

Sulfate buffer solution:  Mix equal volumes of 2.0 M ammonium sulfate and 0.5 M sulfuric
acid.

HEPES buffer solution:  Dissolve 2.38 g of HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) in about 90 mL of water in a 100-mL volumetric flask. Adjust with 5
N sodium hydroxide to a pH of 7.5, dilute with water to volume, and mix.

Solution A:  Mix 100 mL of acetonitrile, 200 mL of pH 2.0 Sulfate buffer solution, and 700
mL of water.

Solution B:  Mix 400 mL of acetonitrile, 200 mL of pH 2.0 Sulfate buffer solution, and 400
mL of water.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
60 30 70
65 0 100
70 0 100

Sample Standard solution:  Prepare a 2.0-mg/mL solution of substance to be examined
USP Insulin Aspart RS in 0.01 N hydrochloric acid, and transfer 25 µL of this solution to a
clean tube. Add 100 µL of HEPES buffer solution and 20 µL of a 1-mg/mL Staphylococcus

aureus strain V8 protease. Cap the tube, and incubate at 25  for 6 h. Stop the reaction
by adding 145 µL of pH 2.0 Sulfate buffer solution.

Standard Sample solution:  Prepare at the same time and in the same manner as directed
for the Sample solution, but using USP Insulin Aspart RS instead of the substance to be
examined Standard solution, using the sample to be examined.

Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.0-mm × 25-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements:  In the chromatogram from the Standard solution, identify the

peaks due to digest fragments I, II, III, and IV. The chromatogram of the Standard
solution corresponds to that of the typical chromatogram provided with USP Insulin
Aspart RS.
Tailing factor:  NMT 1.5 for the peaks indicated as fragments II and III
Resolution:  NLT 8.0 between the peaks indicated as fragments II and III

Analysis 
Samples:  Standard solution and Sample solution

Condition the Chromatographic system by running at initial conditions, t = 0 min, for at
least 15 min. Carry out a blank gradient program before injecting the digests. Separately
inject the Standard solution and the Sample solution, and record the responses of each
peak.

[Note—Condition the Chromatographic system by running at initial conditions, t=0 min, for
at least 15 min. Carry out a blank gradient program before injecting the digests.
Separately inject the Standard solution and the Sample solution, and record the
responses of each peak. The retention times of fragments I, II, and IV are the same as for
Human Insulin. The retention time of fragment III differs from Human Insulin due to the
substitution of proline by aspartic acid. See Physicochemical Analytical Procedures for

Insulins 121.1 , Peptide Mapping.]
Acceptance criteria:  The chromatographic profile of the Sample solution corresponds to

that of the Standard solution.

ASSAY
•  Procedure

Solution A:  Dissolve 142.0 g of anhydrous sodium sulfate in water, add 13.5 mL of
phosphoric acid, and dilute with water to 5 L. Adjust, if necessary, with strong 10 N
sodium hydroxide solution to a pH of 3.6. Mix 9 volumes of this solution with 1 volume of
acetonitrile.

Solution B:  Acetonitrile and water (1:1)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 58 42
35 58 42
40 20 80
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45 20 80
46 58 42
60 58 42

[Note—Adjust the Mobile phase composition and the duration of the isocratic elution to
obtain a retention time of about 22 min for the insulin aspart and to ensure that B3isoAsp
insulin aspart is eluted before the gradient starts.]

System suitability solution:  Use an appropriate solution with a content of B3Asp Insulin
Aspart and A21Asp Insulin Aspart of NLT 1.0%. This may be achieved by storing the
Standard solution at room temperature for about 1–3 days.

Standard solution:  Dissolve the contents of a vial of USP Insulin Aspart RS in 0.01 N
hydrochloric acid to obtain a concentration of 4.0 mg/mL. (as-is) Maintain the solution at

2 –8 .
Sample solution:  Dissolve the substance sample to be examined in 0.01 N hydrochloric

acid to obtain a concentration of 4.0 mg/mL. (as-is) Maintain the solution at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.0-mm × 25.0-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for B28isoAsp insulin aspart, insulin aspart, B3Asp

insulin aspart plus A21Asp insulin aspart (generally coelute), and B3isoAsp insulin aspart
are about 0.9, 1.0, 1.3, and 1.5 min, respectively.]

Suitability requirements 
Relative standard deviation:  NMT 1.4% for five replicate injections, Standard solution
Resolution:  NLT 2.0 between the peak for insulin aspart and the peak for A21Asp

insulin aspart and for B3Asp insulin aspart, System suitability solution
Tailing factor:  NMT 1.5 for the insulin aspart peak, System suitability solution

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the content of insulin aspart (C256H381N65O79S6), plus B28isoAsp insulin
aspart, A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart in
percentage using the areas of the corresponding peaks in the chromatograms from the
Sample solution and the Standard solution and the declared content of insulin aspart
plus B28isoAsp insulin aspart, A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp
insulin aspart in the USP Insulin Aspart RS taken:

Result = (rIA(U) + rB28(U) + rA21(U) + rB3(U) + rB3iso(U))/(rIA(S) + rB28(S) + rA21(S) + rB3(S) +
rB3iso(S)) × (CS/CU) × 100

Result = (rIA(U) + rB28iso(U) + rA21(U) + rB3(U) + rB3iso(U))/(rIA(S) + rB28iso(S) + rA21(S) + rB3(S) +
rB3iso(S)) × (CS/CU) × 100

PF 39(3): May-Jun. 2013 300



rIA(U) = peak response for insulin aspart from the Sample solution
rB28(U)rB28iso(U)= peak response for B28isoAsp from the Sample solution
rA21(U) = peak response for A21Asp from the Sample solution
rB3(U) = peak response for B3Asp from the Sample solution
rB3iso(U) = peak response for B3isoAsp from the Sample solution
rIA(S) = peak response for insulin aspart from the Standard solution
rB28(S)rB28iso(S)= peak response for B28isoAsp from the Standard solution
rA21(S) = peak response for A21Asp from the Standard solution
rB3(S) = peak response for B3Asp from the Standard solution
rB3iso(S) = peak response for B3isoAsp from the Standard solution
CS = concentration of the Standard solution
CU = concentration of the Sample solution

Acceptance criteria:  NLT 90.0% and NMT 104.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 6.0% determined on 0.2 g (dried substance)
•  Procedure 1: Related Proteins

Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay
using the normalization procedure.

Acceptance criteria  B28isoAsp insulin aspart: NMT 1.0%; Total of the peaks due to
A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart: NMT 2.0%
Individual impurities:  NMT 1.0% of B28isoAsp insulin aspart; NMT 2.0% total of the

peaks due to A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart
Total of other impurities:  NMT 1.5%

•  Procedure 2: Limit of High Molecular Weight Proteins
Arginine solution:  1 mg/mL of l-arginine in water
Mobile phase:  Arginine solution, acetonitrile, and glacial acetic acid (65:20:15)
System suitability solution:  Dissolve 4 mg of insulin aspart containing more than 0.4%

high molecular weight proteins in 1 mL of 0.01 N hydrochloric acid. Store this solution in a
refrigerator, and use within 7 days. [Note—Insulin aspart containing the indicated
percentage of high molecular weight proteins may be prepared by allowing the insulin
solution to stand at room temperature for about 5 days.]

Standard solution: 0.3 mg/mL of USP Filgrastim RS in water
Sample solution:  Transfer about 4 mg of insulin the sample to be examined to a small vial,

add 1 mL of 0.01 N hydrochloric acid, and mix to dissolve. Store in a refrigerator, and use
within 7 days.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 276 nm
Column:  7.8-mm × 30-cm; packing L20
Column temperature:  Ambient
Flow rate:  0.5 mL/min
Injection volume:  100 µL
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System suitability 
Sample:  System suitability solution
[Note—The retention times are between 13 and 17 min for the polymeric insulin aspart

complexes, about 17.5 min for the covalent insulin aspart dimer, and between 18 and 22
min for the insulin aspart monomer, with salts eluting after the insulin aspart monomer.]

Suitability requirements 
Resolution:  The ratio of the height of the covalent insulin dimer peak to the height of

the valley between the covalent insulin dimer peak and the insulin monomer peak is
NLT 2.0.

Analysis 
Sample:  Sample solution 

Inject 100 µL of the Sample solution into the chromatograph, record Record the
chromatogram, and measure the areas of the peak responses, disgarding disregarding
any peaks having retention times greater than that of the insulin aspart monomer.
Calculate the percentage of high molecular weight proteins in the portion of Insulin
Aspart taken:

Result = SrH/(SrH+ rM) × 100

Result = 100 × SrH/(SrH + rM)

rHSrH= sum of the responses for all peaks having retention times less than that of the
insulin aspart monomer

rM = peak response of the insulin aspart monomer
Acceptance criteria:  NMT 1.0% 0.5%

SPECIFIC TESTS

•  Insulin Assays, Bioidentity Test 121 : Meets the requirements

•  Bacterial Endotoxin Test 85 : It contains NMT 10 USP Endotoxin Units/mg of Insulin
Aspart.

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic count does not exceed 300 cfu/g, the test being performed on a portion of
about 0.2 g.

•  Loss on Drying 731

Analysis:  Dry about 200 mg of the sample at 105  for 16 h.
Acceptance criteria:  NMT 10.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light, and store in a

freezer.
•  Labeling: Label it to indicate that it has been prepared by microbial synthesis.

•  USP Reference Standards 11
USP Endotoxin RS
USP Insulin Aspart RS 

28B-l-Aspartic acid-insulin (human).
C256H381N65O79S6      5826 daltons

1S (USP37)
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BRIEFING

Insulin Aspart Injection, page 1537 of PF 36(6) [Nov.–Dec. 2010]. On the basis of comments
received, the following changes are proposed:

1. Change the title of this monograph to Insulin Aspart Injection and revise the monograph
text to be consistent with the new name of this drug product.

2. The liquid chromatographic procedure in the Assay and Related Proteins is based on
analyses performed with the Merck Lichrosorb RP-C18 brand of L1 column. The
retention time for the insulin aspart peak is 20–24 min.

3. The liquid chromatographic procedure in Limit of High Molecular Weight Proteins is based
on analyses performed with the Waters Insulin HMWP brand of L20 column.

4. Make minor editorial changes to be consistent with current USP style.

(BIO1: E. Chang.)
Correspondence Number—C125077

Comment deadline: July 31, 2013

Add the following:
Insulin Aspart Subcutaneous Injection

DEFINITION

Insulin Aspart Subcutaneous Injection is an isotonic, sterile solution of Insulin Aspart in Water
for Injection. It has a potency of NLT 95% and NMT 105% of the potency stated on the label,
expressed in USP Insulin Aspart Units/mL.
[Note—One USP Insulin Aspart Unit is equivalent to 0.0350 mg of pure insulin aspart.]

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  Dissolve 70 g of anhydrous sodium sulfate in approximately 4500 mL of water,
add 6.5 mL of phosphoric acid, and adjust with sodium hydroxide TS to a pH of 3.4. Dilute
with water to 5000 mL. Mix 900 mL of this solution with 100 mL of acetonitrile.

Solution B:  Acetonitrile and water (1:1)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 56 44
35 56 44
40 20 80
45 20 80
46 56 44
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60 56 44
[Note—If necessary, adjust the Mobile phase composition to obtain a retention time of

insulin aspart of 20–26 min and to ensure that the preservatives are well separated from
B28isoAsp insulin aspart peak. If necessary, adjust the start time of the gradient to
ensure that B3isoAsp insulin aspart is eluted before the gradient starts.]

System suitability solution:  Use an appropriate solution with a content of B3Asp Insulin
Aspart, and A21Asp Insulin Aspart of NLT 1%. This may be achieved by storing the
Standard solution at room temperature for about 1–3 days.

Standard solution:  Dissolve the contents of a vial of USP Insulin Aspart RS in 0.01 N
hydrochloric acid to obtain a known concentration of 100 USP Insulin Aspart Units/mL. Add

4 µL of 6 N hydrochloric acid per mL, and mix. Maintain the solution at 2 –8 .
Sample solution:  Acidify each mL of Subcutaneous Injection with 4 µL of 6 N hydrochloric

acid. Dilute, if necessary, a portion of the acidified solution with 0.01 N hydrochloric acid
to obtain a solution containing about 100 USP Insulin Aspart Units/mL. Maintain the

solution at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.0-mm × 25.0-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for B28isoAsp insulin aspart, insulin aspart, B3Asp

insulin aspart plus A21Asp insulin aspart (generally coelute), and B3isoAsp insulin aspart
are about 0.9, 1.0, 1.3, and 1.5 min, respectively.]

Suitability requirements 
Relative standard deviation:  NMT 1.4% for five replicate injections, Standard solution
Resolution:  NLT 1.6 between the peak due to insulin aspart and the peaks due to

A21Asp insulin aspart and B3Asp insulin aspart, System suitability solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the potency, in USP Insulin Aspart Units, in each mL of Injection taken:

Result = CS × D × (rU/rS)

CS= concentration of insulin aspart in the Standard solution (USP Insulin Aspart Units/mL)
D= dilution factor used to prepare the Sample solution
rU= peak area of insulin aspart (sum of B28isoAsp insulin aspart, insulin aspart, B3Asp insulin

aspart, A21Asp insulin aspart, and B3isoAsp insulin aspart peak areas) from the Sample
solution

rS= peak area of insulin aspart (sum of B28isoAsp insulin aspart, insulin aspart, B3Asp insulin
aspart, A21Asp insulin aspart, and B3isoAsp insulin aspart peak areas) from the Standard
solution

Acceptance criteria:  95%–105% of the potency stated on the label, expressed in USP
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Insulin Aspart Units/mL

IMPURITIES
•  Procedure 1: Related Proteins

Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay
using the normalization procedure.

Acceptance criteria  B28isoAsp insulin aspart: NMT 2.5%; Total of the peaks due to
A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart: NMT 5.0%
Individual impurities:  NMT 2.5% of B28isoAsp insulin aspart; NMT 5.0% total of the

peaks due to A21Asp insulin aspart, B3Asp insulin aspart, and B3isoAsp insulin aspart
Total of other impurities:  NMT 3.5%

•  Procedure 2: Limit of High Molecular Weight Proteins
Arginine solution:  1 mg/mL of l-arginine in water
Mobile phase:  Arginine solution, acetonitrile, and glacial acetic acid (65:20:15)
System suitability solution:  Dissolve 4 mg of Insulin Aspart containing more than 0.4%

high molecular weight proteins in 1 mL of 0.01 N hydrochloric acid. Store this solution in a
refrigerator, and use within 7 days. [Note—Insulin Aspart containing the indicated
percentage of high molecular weight proteins may be prepared by allowing Insulin Aspart
to stand at room temperature for about 5 days.]

Sample solution:  Acidify each mL of Subcutaneous Injection with 4 µL of 6 N hydrochloric
acid. Dilute, if necessary, a portion of the acidified solution with 0.01 N hydrochloric acid
to obtain a solution containing about 100 USP Insulin Aspart Units/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 276 nm
Column:  7.8-mm × 30-cm; packing L20
Column temperature:  Ambient
Flow rate:  0.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  System suitability solution
[Note—The retention times are between 13 and 17 min for the polymeric insulin aspart

complexes, about 17.5 min for the covalent insulin aspart dimer, and between 18 and 22
min for the insulin aspart monomer, with salts eluting after the insulin aspart monomer.]

Suitability requirements 
Resolution:  The ratio of the height of the covalent insulin dimer peak to the height of

the valley between the covalent insulin dimer peak and the insulin monomer peak is
NLT 2.0.

Analysis 
Sample:  Sample solution 

Inject 100 µL of the Sample solution into the chromatograph, record Record the
chromatogram, and measure the areas of the peak responses, disgarding disregarding
any peaks having retention times greater than that of the insulin aspart monomer.
Calculate the percentage of high molecular weight proteins in the portion of
Subcutaneous Injection taken:
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Result = SrH/(SrH + rM) × 100

Result = 100 × SrH/(SrH + rM)

rHSrH= sum of the peak responses for all peaks having retention times less than that of
the insulin aspart monomer

rM = peak response of the insulin aspart monomer
Acceptance criteria:  NMT 1.5%

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : It contains NMT 80 USP Endotoxin Units/100 USP Units of
Insulin Aspart

•  Sterility 71 : Meets the requirements when tested as directed for Test for Sterility of the
Product to Be Examined, Membrane Filtration.

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  pH 791 : 7.0–7.8, determined potentiometrically

•  Zinc Content 591 : 10–40 µg for each 100 USP Insulin Aspart Units

•  Injections 1 : It meets the requirements.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in the unopened, multi-dose container provided by the

manufacturer. Store in a refrigerator, protect from sunlight, and avoid freezing.
•  Labeling: The label states that it has been prepared with insulin aspart obtained from

microbial synthesis; it is to be stored in a refrigerator and that freezing is to be avoided;
the potency, expressed in USP Insulin Aspart Units/mL. [Note—By convention, for the
purpose of labeling insulin aspart preparations, 0.350 mg of insulin aspart is equivalent to 1
USP Insulin Aspart Unit or 6 nmol.]

•  USP Reference Standards 11
USP Endotoxin RS
USP Insulin Aspart RS 

28B-l-Aspartic acid-insulin (human).
C256H381N65O79S6       5826 daltons

BRIEFING

Iodixanol, USP 36 page 3935. Based on the comments received, the monograph is revised as
follows:

1. Revise Identification test B with a retention time match based on the test for Organic
Impurities, to be consistent with European Pharmacopoeia 7.7.

2. Delete Identification test C because it generates iodine vapors, which are a potential
safety hazard, as iodine vapors can irritate the nose and eyes.

3. Revise the Assay to include a formula for calculation of the content of iohexol.
4. Revise Limit of Free Iodide to include a formula for calculation of iodide.
5. Delete the Limit of Calcium test because the manufacturing history indicates that no

detectable levels of calcium have been observed.

1S (USP37)
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6. Delete the Free Iodine test because the manufacturing history indicates that no free
iodine has been observed.

7. Revise the Limit of Free Aromatic Amine test to be consistent with the procedure in
European Pharmacopoeia 7.7.

8. Delete the Limit of Methanol, Isopropyl Alcohol, and Methoxyethanol test as this is
covered by the residual solvents. Also, the deletion makes the monograph
harmonized with European Pharmacopoeia 7.7.

9. Rename Organic Impurities Procedure 1 as Organic Impurities. Revise the test to be
consistent with the Related Substances test in European Pharmacopoeia 7.7. The
procedure is based on validations performed using the Hypersil-ODS brand of L1
column. Under the chromatographic conditions, the first major peak of iodixanol
elutes at 28.5 min.

10. Replace Organic Impurities Procedure 2 with Limit of Iodixanol Related Compound E and
Iodixanol Impurity H. The new test is consistent with the Impurities E and H test in
European Pharmacopoeia 7.7. This procedure is based on validations performed with
the Supelcosil-NH2 brand of L8 column. The Zorbax-NH2 column is also suitable for
this analysis. Under the chromatographic conditions, iodixanol related compound E
elutes at about 12 min and impurity H elutes at about 22 min.

11. Delete the redundant Microbial Enumeration test, because it needs to be performed in
the finished formulation, regardless of whether the drug substance is tested for
microbial limits.

12. Delete the non-value adding Optical Rotation test.
13. Revise the existing storage condition to room temperature, based on the stability data.
14. Make minor editorial changes to be consistent with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C103377

Comment deadline: July 31, 2013
Iodixanol

C35H44I6N6O15       1550.18 

1,3-Benzenedicarboxamide, 5,5¢-[(2-hydroxy-1,3-propanediyl)bis(acetylimino)]bis[N,N¢-bis(2,3-
dihydroxypropyl)-2,4,6-triiodo-;     
5,5¢-[(2-Hydroxytrimethylene)bis(acetylimino)]bis[N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-
triiodoisophthalamide]     [92339-11-2].

DEFINITION

Iodixanol contains NLT 98.6% and NMT 101.0% of iodixanol (C35H44I6N6O15), calculated on the
anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
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Change to read:
•  B. The retention times of the two principal peaks from the Sample solution correspond to

those from Standard solution B, as obtained in Limit of Iodixanol Related Compound E and
Iodixanol impurity H.

The retention times of the three principal peaks of the Sample solution correspond to those of
the System suitability stock solution, as obtained in the test for Organic Impurities.

[Note—A third isomer may appear as a minor peak.]

Delete the following:
•  C. Procedure

Sample: 0.5 g
Analysis: Heat the Sample in a crucible.
Acceptance criteria: Violet vapors are evolved.

ASSAY

Change to read:
•  Procedure

Analysis:  Titrate with 0.1 N silver nitrate VS. Each mL of 0.1 N silver nitrate is equivalent
to 25.84 mg of C35H44I6N6O15.
Sample solution:  Transfer 500 mg of iohexol to a glass-stoppered, 125-mL conical flask.
Add 25 mL of 1.25 N sodium hydroxide and 500 mg of powdered zinc. Connect the flask
to a reflux condenser, and reflux the Sample solution for 1 h. Cool the flask to room
temperature, rinse the condenser with 20 mL of water, disconnect the flask from the
condenser, and filter the mixture. Rinse the flask and the filter thoroughly with small
portions of water, adding the rinsings to the filtrate. Add 5 mL of glacial acetic acid.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N silver nitrate VS
Endpoint detection:  Potentiometric

Analysis:  Titrate the Sample solution with the Titrant. Calculate the percentage of
iodixanol (C35H44I6N6O15) in the portion of iohexol taken:

Result = (V × N × F)/W × 100

V= sample titrant volume (mL)
N= titrant normality (meq/mL)
F= equivalent weight of iodixanol, 258.4 mg/meq
W= weight of iodixanol (mg)

Acceptance criteria:  98.6%–101.0% on the anhydrous basis

IMPURITIES

•  Heavy Metals, Method I 231 : NMT 10 ppm

Change to read:
•  Limit of Free Iodide Transfer 5.0 g to a suitable container, add about 30 mL of water, and

titrate with 0.001 N silver nitrate VS, determining the endpoint potentiometrically. Each mL

1S (USP37)
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of 0.001 N silver nitrate is equivalent to 126.9 µg of iodine. Not more than 0.39 mL of
0.001 N silver nitrate is required: not more than 10 µg of iodide per g is found.

Sample solution:  5g of Iodixanol in 30 mL of water
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.001 N silver nitrate VS
Endpoint detection:  Potentiometric

Analysis:  Calculate the percentage of free iodide in the portion of Iodixanol taken:

Result = (V × N × F)/W × 100

V= sample titrant volume (mL)
N= titrant normality (meq/mL)
F= equivalent weight of iodide, 0.1269 mg/meq
W= weight of iodixanolol (mg)
Acceptance criteria:  NMT 0.001%

Delete the following:
•  Limit of Calcium

Internal standard solution: 0.2 mg/mL of scandium from suitable amount of scandium
oxide in water

Blank solution: 0,02mg/mL of scandium from Internal standard solution in water
Standard stock solution: 10 µg/mL of calcium in water
Standard solution A: 0.1µg/mL of calcium and 0.02 mg/mL of scandium from Standard

stocksolution, Internal standard solution and water
Standard solution B: 0.5µg/mL of calcium and 0.02 mg/mL of scandium from Standard

stocksolution, Internal standard solution and water
Standard solution C: 1µg/mL of calcium and 0.02 mg/mL of scandium from Standard

stocksolution, Internal standard solution and water
Standard solution D: 2µg/mL of calcium and 0.02 mg/mL of scandium from Standard

stocksolution, Internal standard solution and water
Sample solution: Transfer about 2 g of Iodixanol, accurately weighed, to a 20-mL

volumetric flask, add about 10 mL of water, and mix. Add 2.0 mL of Internal standard
solution, dilute with water to volume, and mix.

Instrumental conditions 
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 393.366 nm, calcium emission line, and 361.38 nm, scandium

emission line
Analysis 

Samples: Blank solution, Standard solutions, and Sample solution

Determine the absorbances of each Standard solution and the Sample solution against the
Blank solution. Plot a standard curve of the ratio of the calcium absorption to the
scandium absorption versus the respective calcium concentrations. From the graph so
obtained, determine the calcium concentration (C) in µg/mL, in the Sample solution. 
Calculate the content of calcium, in µg/g, in the portion of Iodixanol taken:

Result = C × (V/W)
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C= as obtained above
V= volume of the Sample solution (mL)
W= weight of Iodixanol taken to prepare the Sample solution (g)
Acceptance criteria: NMT 5 µg/g

Delete the following:
•  Free Iodine

Sample solution: 20 mg/mL in toluene, water, and 2 N sulfuric acid (5:20:5)
[Note—Shake vigorously, and allow the phases to separate. ]
Acceptance criteria: The toluene layer shows no red or pink color.

•  Limit of Ionic Compounds
[Note—Rinse all glassware with water.]

Standard solution:  4 µg/mL of sodium chloride in water
Sample solution:  2 g of Iodixanol in 100 mL of water
Acceptance criteria:  The specific conductance in the Sample solution is NMT that of the

Standard solution (equivalent to NMT 0.02% of ionic compounds, as sodium chloride).

Change to read:
•   Limit of Free Aromatic Amine

Solution A:  3 mg/mL of N-(1-naphthyl)ethylenediamine dihydrochloride in a mixture of
propylene glycol and water (70:30)

Blank solution:  Add 15 mL of water to a 25-mL volumetric flask.
Standard stock solution:  10 µg/mL of USP Iohexol Related Compound B RS in water
Standard solution:  Transfer 10.0 mL of the Standard stock solution and 5 mL of water to

a 25-mL volumetric flask.
Sample solution:  Transfer 200 mg of Iodixanol to a 25-mL volumetric flask, and add 15 mL

of water.
Instrumental conditions 

Mode:  Vis
Analytical wavelength:  495 nm
Cell:  5 cm

Analysis 
Samples:  Blank solution, Standard solution, and Sample solution

Treat the Samples as follows. Place the flask in an ice bath for 5 min. Add 1.5 mL of 6 N
hydrochloric acid, and mix by swirling. Add 1.0 mL of sodium nitrite solution (20 mg/mL),
and allow to stand in the ice bath for 4 min. Remove the flask from the ice bath, add 1.0
mL of sulfamic acid solution (40 mg/mL), and swirl gently until gas evolution ceases.
 [Caution—Considerable pressure is produced.]

Add 1.0 mL of Solution A, dilute with water to volume, and allow to stand for 5 min. Transfer
the solution obtained from the Sample solution and the solution obtained from the
Standard solution to separate color-comparison tubes. The solution obtained from the
Sample solution is lighter than the solution obtained from the Standard solution: NMT
0.05% is found. If the solution obtained from the Sample solution is the same color or
darker than the solution obtained from the Standard solution, determine the absorbances
of the solutions. Use the solution obtained from the Blank solution to zero the
spectrophotometer.

Calculate the percentage of free aromatic amine in the portion of Iodixanol taken:
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Result = (CS/CU)[(AU  AB)/(AS  AB)]

CS= concentration of USP Iohexol Related Compound B RS in the Standard solution (µg/m)
CU= weight of Iodixanol taken to prepare the Sample solution (mg)
AU= absorbance of the final solution from the Sample solution
AB= absorbance of the final solution from the Blank solution
AS= absorbance of the final solution from the Standard solution

Acceptance criteria:  NMT 0.05%

Measure the absorbance of the Standard solution and the Sample solution against the
Blank solution.
Acceptance criteria:  The absorbance of the Sample solution is NMT that of the

Standard solution (NMT 0.05% of free aromatic amine).

Delete the following:
•   Limit of Methanol, Isopropyl Alcohol, and Methoxyethanol

Internal standard stock solution: 1 mg/mL of secondary butyl alcohol in water
Internal standard solution: 0.01 mg/mL of secondary butyl alcohol from Internal standard

stock solution in water
Standard stock solution: 0.05 mg/mL of methanol, and 0.1 mgmL each of isopropyl alcohol

and methoxyethanol in water
Standard solution: 0.005mg/mL of methanol, 0.01mg/mL of isopropyl alcohol , 0.01mg/mL

of methoxyethanol and 0.01 mg/mL of butyl alcohol from Standard stock solution and
Internal standard stock solution in water. Transfer 1 mL to a headspace vial.

Sample solution: Transfer 250 mg of Iodixanol and 1 mL of the Internal standard solution
to a headspace vial.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC equipped with a headspace injector
Column: 0.54-mm × 30-m capillary column coated with a 1-µm layer of phase G16
Temperature 

Autosampler: 105

Needle and transfer line: 130-140

Injector: 150

Detector: 200
Column: See Table 1.

Table 1

Initial 
Temperature 

( )

Temperature 
Ramp 

( /min)

Final 
Temperature 

( )

Hold Time at Final 
Temperature 
(min)

40 — 40 3
40 8 100 1

Carrier gas: Helium
Flow rate: 11 mL/min
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Injection volume: 1 mL
System suitability 

Sample: Standard solution
[Note—Chromatograph using a heated, gas-tight syringe. ]
Suitability requirements 
[Note—The elution order is methanol, isopropyl alcohol, secondary butyl alcohol, and

methoxyethanol. ]
Resolution: NLT 1.0 between methanol and isopropyl alcohol
Relative standard deviation: NMT 5% for methanol and isopropyl alcohol, and NMT

10% for methoxyethanol, determined from the peak area ratios
Analysis 

Samples: Standard solution and Sample solution
[Note—Chromatograph using a heated, gas-tight syringe. ]

Calculate the concentration of methanol, isopropyl alcohol, and methoxyethanol, in µg/g,
in the portion of Iodixanol taken:

Result = (rU/rS) × (CS/CU)

rU= peak response of the analyte to peak response from the internal standard from the
Sample solution

rS= peak response of the analyte to peak response from the internal standard from the
Standard solution

CS= concentration of the relevant analyte in the Standard solution (µg/mL)
CU= concentration of the Sample solution (g/mL)

Acceptance criteria 
Individual impurities: NMT 50 µg/g each of methanol, isopropyl alcohol, or

methoxyethanol

Change to read:
•  Organic Impurities Procedure 1

Solution A:  Acetonitrile and water (50:50)
Solution B:  Water
Blank solution:  Water
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 6 94
30 20 80
70 100 0
80 100 0
81 6 94
90 6 94

Standard stock solution A:  12.5 mg/mL of anhydrous Iodixanol from USP Iodixanol RS in
water

Standard stock solution B:  0.25 mg/mL of anhydrous iodixanol related compound C from
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USP Iodixanol Related Compound C RS in water
Standard solution A:  2.5 mg/mL of Standard stock solution A in water
Standard solution B:  Standard stock solution A, Standard stock solution B, Standard

stock solution C, and water (5:2.5:2.5:15)
Standard stock solution C:  0.025 mg/mL of anhydrous iodixanol related compound D from

USP Iodixanol Related Compound D RS in water
Sample solution A:  25 mg/mL of anhydrous iodixanol from iodixanol in water
Sample solution B:  2.5 mg/mL anhydrous iodixanol from Sample solution A in water
Sensitivity solution:  2.5 mg/mL Iodixanol and 0.0125 mg/mL of USP Iodixanol Related

Compound C from Sample solution A and Standard stock solution B in water.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Blank solution, Standard solution A, Control solution, and at least three

replicates of Standard solution B
[Note—The chromatogram from Standard solution A exhibits two or three principal

unresolved peaks.If the chromatogram exhibits two principal peaks, their relative areas
are 60% and 40%. If the chromatogram exhibits three principal peaks, their relative
areas are 60%, 38%, and 2%. The chromatogram from Standard solution B exhibits two
resolved peaks due to iodixanol related compound D that elute before the iodixanol
peaks and one iodixanol related compound C peak between the two principal iodixanol
peaks. The area of the two iodixanol related compound D peaks is between 0.075% and
0.125% of the total area.]
Suitability requirements:  

Realtive standard deviation:  NMT 5% for the sum of the two isomers of iodixanol
related compound D, from three injections of Standard solution B

Peak-to-valley ratio NLT 1.3 between iodixanol related compound C and the first
major peak of iodixanol, Standard solution B

Peak sensitivity:   Iodixanol related compound C exhibits a measurable peak,
Sensitivity solution

Analysis 
Samples:  Blank solution, Sample solution A, and Sample solution B
High-low chromatography:  Where it is specified to proceed as directed for High-low

chromatography, for the chromatogram from Sample solution A, calculate the
percentage of each specified related compound in the portion of Iodixanol taken:

Result = (10X)/(0.1Y + Z)

X= peak area for each of the specified related compounds from Sample solution A
Y= total area of all the peaks eluted before and after iodixanol from Sample solution A,

disregarding any peaks due to injection noise or solvent
Z= sum of peak areas of iodixanol and any related compounds which are eluted together

with, and between, the principal iodixanol peaks from Sample solution B
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Iohexol:  If iohexol is present, it exhibits two peaks, with retention times of 0.37 and
0.39 relative to the main iodixanol peak from Sample solution A. Draw a baseline at the
height of the baseline from the Blank solution. Calculate the total area of the two
peaks and the percentage of iohexol in the portion of Iodixanol taken as directed for
High-low chromatography.

Iodixanol related compound B1 :  If iodixanol related compound B is present, it elutes
as a single peak with a retention time of 0.34 relative to the main iodixanol peak, in the
chromatogram from Sample solution A. Draw a baseline at the height of the baseline
from the Blank solution. Calculate the area of the peak and the percentage of iodixanol
related compound B in the portion of Iodixanol taken, as directed for High-low
chromatography.

Iodixanol related compound C:  If iodixanol related compound C is present, only the
first and larger peak, with a retention time of 1.07 relative to the main iodixanol peak,
is seen between the two principal iodixanol peaks from Sample solution A; the second
iodixanol related compound C peak co-elutes with iodixanol. The area of the first and
larger peak corresponds to 80% of the total area of iodixanol related compound C. Draw
a vertical line through the minimum before the first and larger peak. Draw a horizontal
baseline at the minimum after the first and larger peak.

Calculate the percentage of iodixanol related compound C in the portion of Iodixanol
taken:

Result = 12.5X2/(0.1Y + Z)

X2= peak area response of iodixanol related compound C
Y= sum of all the peaks eluted before and after iodixanol from Sample solution A,

disregarding any peaks due to injection noise or solvent
Z= sum of the peak area response of iodixanol and any related compounds which are

eluted together with, and between, the principal iodixanol peaks from Sample solution
B

Iodixanol related coumpound F2:  If iodixanol related compound F is present, only the
first and smaller peak with a retention time of 0.8 relative to the main iodixanol peak,
can be seen in the chromatogram from Sample solution A; the second peak co-elutes
with iodixanol. The area of the first and smaller peak corresponds to 25% of the total
area of iodixanol related compound F. Draw the baseline at the height of the baseline
from the Blank solution.

Calculate the percentage of iodixanol related compound F in the portion of Iodixanol
taken:

Result = 40X1/(0.1Y + Z)

X1= the actual observed area of the peak of iodixanol related compound F from Sample
solution A

Y= sum of all the peaks eluted before and after iodixanol from Sample solution A,
disregarding any peaks due to injection noise or solvent

Z= sum of the peak areas of iodixanol and any related compounds which are eluted
together with, and between, the principal iodixanol peaks from Sample solution B

Iodixanol related compound G3:  If iodixanol related compound G is present, the
second and larger peak, with a retention time of 1.18 relative to the last iodixanol
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peak, is seen in the chromatogram from Sample solution A; the first peak co-elutes
with iodixanol. The area of the second peak corresponds to 85% of the total area of
iodixanol related compound G. Draw the baseline at the height of the baseline from the
Blank solution. Calculate the percentage of iodixanol related compound G in the portion
of Iodixanol taken:

Result = 10X3/[0.85(0.1Y + Z)]

X3= peak area response of iodixanol related compound G
Y= sum of all the peak area responses eluted before and after iodixanol from Sample

solution A, disregarding any peaks due to injection noise or solvent
Z= the sum of peak areas of iodixanol and any related compounds which are eluted

together with, and between, the principal iodixanol peaks from Sample solution B

Overalkylated related compounds:  These compounds elute after iodixanol related
compound G, with a retention time greater than 1.18 relative to the last iodixanol peak.
Draw the baseline at the height of the baseline from the Blank solution, and determine
the peak areas.

Calculate the percentage of overalkylated related compounds as directed for High-low
chromatography.

Unspecified related compounds:  Examine the chromatograms from Sample solution A
and the area of each peak eluting before or after iodixanol, other than those of
iodixanol, specified related compounds, specified impurities, and overalkylated related
compounds. Draw the baseline at the height of the baseline from the Blank solution.
Calculate the percentage of the largest of these peaks as directed for High-low
chromatography.

Other unspecified related compounds:  Determine the area of any unspecified peak
eluting between those of iodixanol. Draw the baseline between minima, and calculate
the percentage as directed for High-low chromatography.

Acceptance criteria :  See Table 3 below.

Table 3

Name Acceptance Criteria, NMT (%)

Iodixanol related compound B 0.2
Iodixanol related compound C 0.4
Iodixanol related compound F 0.2
Iodixanol related compound G 0.2
Iohexol 0.6
Overalkylated related compounds 1.0
Any individual unspecified related compound0.2
Total unspecified related compounds 0.5

Total related compounds:  From each of the chromatograms from Sample solution A,
calculate the percentage of all related compounds as the sum of the results for the
peaks appearing between the two principal iodixanol peaks, and the area percentage
obtained as follows:

Result = [100(Y  X1  X3 + X1/0.25 + X2/0.8 + X3/0.85)]/10(0.1Y + Z)
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Y= sum of all the peaks eluted before and after iodixanol from Sample solution A,
disregarding any peaks due to injection noise or solvent

X1= actual observed area of the peak of iodixanol related compound F from Sample solution
A

X3= peak area response of iodixanol related compound
X2= peak area response from iodixanol related compound C
Z= sum of the peak areas of iodixanol and any related compounds which are eluted

together with, and between, the principal iodixanol peaks from Sample solution B
Solution A:  Water
Solution B:  Acetonitrile and water (50:50)
Standard solution:  0.025 mg/mL of USP Iodixanol RS in water
System suitability stock solution:  2.5 mg/mL of USP Iodixanol RS and 0.05 mg/mL

each of USP Iohexol RS, USP Iodixanol Related Compound C RS, and USP Iodixanol
Related Compound D RS in water

System suitability solution:  0.25 mg/mL of USP Iodixanol RS, 0.005 mg/mL each of
USP Iohexol RS, USP Iodixanol Related Compound C RS, and USP Iodixanol Related
Compound D RS from System suitability stock solution in water

Sample solution:  2.5 mg/mL of Iodixanol in water
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 94 6
2 94 6
32 80 20
72 0 100
82 0 100

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:   System suitability stock solution and System suitability solution 

Use the chromatogram from the System suitability stock solution to identify the
peaks based on the relative retention times given in Table 3.

Suitability requirements 
Resolution:  NLT 1.5 between the two peaks due to iodixanol related compound D,

System suitability solution
Peak-to-valley ratio:  NLT 1.3 between the first iodixanol peak and iodixanol related

compound C (first peak), System suitability stock solution
Analysis 

Samples:  Standard solution and Sample solution
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Calculate the percentage of each impurity in the Sample solution:

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

rU= peak response of each impurity in the Sample solution
rS= peak response of USP Iodixanol RS in the Standard solution
CS= concentration of USP Iodixanol RS in the Standard solution
CU= concentration of Iodixanol in the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard any impurity less than or equal to 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

(w/w)

Iodixanol related compound D (first peak) 0.8 1.0 0.1
Iodixanol related compound D (second peak) 0.9 1.0 0.1
Iodixanol (first peak) 1.0 — —
Iodixanol related compound C (first peak) 1.04 0.76 0.4
Overalkylated impurities (sum of all) 1.33–1.70 1.0 1.0
Any indivdiual unspecified impurity — 1.0 0.1
Total impurities — — 1.5

Delete the following:
•  Organic Impurities, Procedure 2

Solution A: Acetonitrile
Solution B: Water
Blank solution: Water
Mobile phase: See the gradient table below.

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 85 15
25 66 34

Standard stock solution A: 12.5 mg/mL of USP Iodixanol RS in water
Standard stock solution B: 0.025 mg/mL of USP Iodixanol Related Compound D RS
Standard stock solution C: 2.5 mg/mL of USP Iodixanol Related Compound E RS
Standard solution A: 2.5 mg/mL from Standard stock solution A diluted with water
Standard solution B: 2.5 mg/mL of iodixanol and 0.0025 mg/mL of related compound D from

Standard stock solution A and Standard stock solution B, respectively, diluted with water
Standard solution C: 0.25 mg/mL of iodixanol and 0.25 mg/mL of related compound E from

Standard stock solution A and Standard stock solution C, respectively, diluted with water
Sample solution: 2.5 mg/mL of anhydrous iodixanol from iodixanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm

1S (USP37)
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Column: 4.6-mm × 25-cm; 5-µm packing L8
Flow rate: 2.5 mL/min
Injection size: 10 µL

System suitability 
Samples: Standard solution A, three portions of Standard solution B, Standard solution C,

and Sample solution
[Note—The chromatogram from Standard solution A exhibits three principal unresolved

peaks: the relative areas are 62%, 35%, and 3%; and the retention time of the last
iodixanol peak is NMT 14 min. The chromatogram from Standard solution B exhibits two
partially unresolved peaks due to iodixanol related compound D, with relative retention
times of 0.33 and 0.39, that elute before the iodixanol peaks: the peak area of iodixanol
related compound D is between 0.075% and 0.125% of the total area. Disregard any
peak due to the solvent. ]

Relative standard deviation: NMT 5% 
Determine the sum of the peak areas of the two isomers of iodixanol related compound D
for each of the three chromatograms from Standard solution B. 
The chromatogram from Standard solution C exhibits two unresolved peaks due to
iodixanol related compound E, with relative retention times of 0.67 and 0.72, that elute
before the iodixanol peaks. Adjust the sensitivity of the amplifier so that the peak
heights are between 90% and 100% of full scale of the highest peak.

Resolution: NLT 5.0 between the first and largest iodixanol related compound E peak and
the first principal iodixanol peak

Analysis 
Samples: Standard solution A, three portions of Standard solution B,Standard solution C,

and Sample solution

For the first chromatogram from Standard solution B, adjust the sensitivity of the amplifier
to obtain a peak height of 15% of the first and larger peak that corresponds to iodixanol
related compound D. Use this sensitivity setting for the subsequent injections. 
Compare the retention times of the peaks from Standard solution C to those from the
Sample solution. Iodixanol related compound E exhibits two peaks, the second of which
may partly overlap with another peak; use only the area of the first and larger peak,
which corresponds to 60% of the total area of iodixanol related compound E. Draw a
baseline at the height of the baseline from the Blank solution. Calculate the percentage of
iodixanol related compound E by dividing the area from the Sample solution by 0.6 and
using area percent. 
Iodixanol related compound H4 appears as a single peak, with a shoulder, on the tail of the
iodixanol peak. 
Calculate the percentage of iodixanol related compound H by using area percent.

Acceptance criteria: NMT 0.3% of iodixanol related compound E and NMT 0.6% of iodixanol
related compound H

Add the following:
•  Limit of Iodixanol Related Comound E and Iodixanol Impurity H

Solution A:  Acetonitrile and water (50:50)
Solution B:  Acetonitrile
System suitability solution 0.25 mg/mL of USP Iodixanol RS and 0.025 mg/mL of USP

Iodixanol Related Compound E RS in water
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Standard solution:  0.025 mg/mL of USP Iodxinaol RS in water
Sample solution:  2.5 mg/mL of Iodixanol in water
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 30 70
2 30 70
27 68 32

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L8
Flow rate:  1.7 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—Relative retention times are given in Table 4.]
Suitability requirements 

Resolution:  NLT 5.0 between iodixanol related compound E (first peak) and iodixanol
(first peak)

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of iodixanol related compound E and iodixanol impurity H in the
Sample solution:

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

rU= peak response of each impurity in the Sample solution
rS= peak response of USP Iodixanol RS in the Standard solution
CS= concentration of USP Iodixanol RS in the Standard solution
CU= concentration of Iodixanol in the Sample solution
F= relative response factor (see Table 4)
Acceptance criteria:  See Table 4.

Table 4

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Iodixanol related compound E (first peak) 0.7

0.58
Sum of both peaks

0.3
Iodixanol related compound E (second

peak) 0.8
Iodixanol (first peak) 1.0 — —

Iodixanol impurity Ha 1.4 1.0 0.6
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a  5-[[3-[[3-[[[3-[[3-[[3,5-bis-[[[2,3-Dihydroxypropyl]amino]carbonyl]-2,4,6-
triiodophenyl](acetylimino)]-2-hydroxypropyl](acetylimino)]-5-[[[2,3-
dihydroxypropyl]amino]carbonyl]-2,4,6-triiodophenyl]carbonyl]amino]-2-
hydroxypropyl]oxy]-2-hydroxypropyl](acetylimino)]-N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-
triiodo-1,3-benzendicarboxamide. 

SPECIFIC TESTS

Delete the following:

•  Microbial Enumeration Tests 61 andTests for Specified Microorganisms 62
Total aerobic microbial count: NMT 100 cfu/g

Delete the following:

•  Optical Rotation, Specific Rotation 781S : 0.5  to +0.5
Sample solution: 50 mg/mL

•  Water Determination, Method I 921 : NMT 4.0%

ADDITIONAL REQUIREMENTS

Change to read:

•  Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at 25 ,

excursions permitted between 15  and 30 .
room temeprature.

•  USP Reference Standards 11
USP Iodixanol RS 
USP Iodixanol Related Compound C RS  

5-[Acetyl[3-[[3,5-bis[[(2,3-dihydroxypropyl)amino]carbonyl]-2,4,6-
triiodophenyl]amino]-2-hydroxypropyl]amino]N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-
triiodo-1,3-benzenedicarboxamide.     
C33H42I6N6O14      1508.15

USP Iodixanol Related Compound D RS  
5-[Acetyl(2-hydroxy-3-methoxypropyl)amino]-N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-
triiodo-1,3-benzenedicarboxamide.     
C20H28I3N3O9      835.16

USP Iodixanol Related Compound E RS 
5-[[3-[[3-[[(2,3-Dihydroxypropyl)amino]carbonyl]-5-[[amino]carbonyl]-2,4,6-
triiodophenyl](acetylimino)]-2-hydroxypropyl]-(acetylimino)]-N,N¢-bis(2,3-
dihydroxypropyl)-2,4,6-triiodo-1,3-benzenedicarboxamide.    

USP Iohexol Related Compound B RS 
5-Amino-N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-benzenedicarboxamide.     
C14H18I3N3O6      705.02

1 5-(Acetylamino)-N,N'-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-benzenedicarboxamide.

2 2-[[Acetyl[3,5-bis[[(2,3-dihydroxypropyl)amino]carbonyl]-2,4,6-triiodophenyl]amino]methyl]-N,N'-bis(2,3-
dihydroxypropyl)-2,3-dihydro-5,7-diiodo-4H-1,4-benzoxazine-6,8-dicarboxamide.

3 4-Acetyl-2-[[acetyl[3,5-bis[[(2,3-dihydroxypropyl)amino]carbonyl]-2,4,6-triiodophenyl]amino]methyl]-N,N'-
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bis(2,3-dihydroxypropyl)-2,3-dihydro-5,7-diiodo-4H-1,4-benzoxazine-6,8-dicarboxamide.

4 5-[[3-[[3-[[[3-[[3-[[3,5-bis-[[[2,3-Dihydroxypropyl]amino]carbonyl]-2,4,6-triiodophenyl](acetylimino)]-2-
hydroxypropyl](acetylimino)]-5-[[[2,3-dihydroxypropyl]amino]carbonyl]-2,4,6-triiodophenyl]carbonyl]amino]-
2-hydroxypropyl]oxy]-2-hydroxypropyl](acetylimino)]-N,N'-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-
benzendicarboxamide.

BRIEFING

Iohexol, USP 36 page 3943. On the basis of comments received, it is proposed to revise the
monograph as follows:

1. Replace Identification test B with a retention time match based on the test for Organic
Impurities.

2. Delete Identification test C using thin-layer chromatography, as the test is similar to
the proposed new Identification test B and therefore is redundant.

3. Delete Identification test D because it generates iodine vapors that can irritate the
nose and eyes and therefore is a potential safety hazard.

4. Revise the Assay to include a formula for calculation of the content of iohexol.
5. Rename the Ionic Compounds test as Limit of Ionic Compounds. Revise the test by

deleting the formula and making the acceptance criteria consistent with European
Pharmacopeia 7.7.

6. Delete the Free Iodine test because the manufacturing history indicates that no free
iodine has been observed.

7. Rename the Free Iodide test as Limit of Free Iodide. Revise the test to include a
formula for calculation of iodide.

8. Revise the System Suitability critieria in the test for Organic Impurities to be consistent
with European Pharmacopeia 7.7. Also, include a clarifying note to indicate the
presence of endo and exo isomers of iohexol.

9. Delete the Limit of Methanol, Isopropyl Alcohol, and Methoxyethanol test as this is
covered by the residual solvents. Also, the deletion harmonizes the monograph with
European Pharmacopeia 7.7.

10. Rename the Limit of 3-Chloro-1,2-propanediol test as Limit of 3-Chloropropane-1,2-diol
. Revise the test to be consistent with European Pharmacopeia 7.7.

11. Rename the Free Aromatic Amine test as Limit of Free Aromatic Amine. Revise the test
to be consistent with European Pharmacopeia 7.7.

12. It is proposed to delete the Optical Rotation test to be consistent with European
Pharmacopeia 7.7.

13. On the basis of stability data, revise the existing Storage conditions to specify storage
at room temperature.

14. Make minor editorial changes to be consistent with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C103376

Comment deadline: July 31, 2013
Iohexol

PF 39(3): May-Jun. 2013 321



C19H26I3N3O9       821.14 

1,3-Benzenedicarboxamide, 5-[acetyl(2,3-dihydroxypropyl)amino]-N,N¢-bis(2,3-
dihydroxypropyl)-2,4,6-triiodo;     
N,N¢-Bis(2,3-dihydroxypropyl)-5-[N-(2,3-dihydroxypropyl)acetamido]-2,4,6-
triiodoisophthalamide     [66108-95-0].

DEFINITION

Iohexol contains NLT 98.0% and NMT 102.0% of iohexol (C19H26I3N3O9), calculated on the
anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. The UV absorption spectrum of a 1 in 100,000 solution in water exhibits a maximum and a

minimum at the same wavelengths as that of a similar solution of USP Iohexol RS,
concomitantly measured.

The retention times of the two principal peaks of the Sample solution correspond to those of
the System suitability solution, as obtained in the test for Organic Impurities.

Delete the following:

•  C. Thin-Layer Chromatographic Identification Test 201
Standard solution: 10 mg/mL in methanol
Sample solution: 10 mg/mL in methanol
Developing solvent system: n-butyl alcohol, water, and glacial acetic acid (50:25:11)
Analysis 

Samples: Standard solution and Sample solution 
Develop the chromatogram, and locate the spots by short-wavelength UV light.

Acceptance criteria: The presence of exo- and endo-isomers in the Sample solution is
shown by the appearance of two spots, each of which corresponds in size and intensity
to the corresponding principal spot, at the same RF value from the Standard solution. The
spot having the RF value is the endo-isomer.

Delete the following:
•  D. Procedure

Analysis: Heat 500 mg in a crucible.
Acceptance criteria: Violet vapors are evolved.

ASSAY

Change to read:

1S (USP37)

1S (USP37)

1S (USP37)

PF 39(3): May-Jun. 2013 322



•  Procedure
Analysis:  Transfer 500 mg of Iohexol, to a glass-stoppered, 125-mL conical flask. Add 25

mL of 1.25 N sodium hydroxide and 500 mg of powdered zinc, connect the flask to a
reflux condenser, and reflux the Sample solution for 1 h. Cool the flask to room
temperature, rinse the condenser with 20 mL of water, disconnect the flask from the
condenser, and filter the mixture. Rinse the flask and the filter thoroughly with small
portions of water, adding the rinsings to the filtrate. Add 5 mL of glacial acetic acid, and
titrate with 0.1 N silver nitrate VS. Each mL of 0.1 N silver nitrate is equivalent to 27.37
mg of C19H26I3N3O9.
Sample:  500 mg of Iohexol
Sample solution:  Transfer the Sample to a glass-stoppered, 125-mL conical flask. Add

25 mL of 1.25 N sodium hydroxide and 500 mg of powdered zinc. Connect the flask to a
reflux condenser, and reflux the Sample solution for 1 h. Cool the flask to room
temperature, rinse the condenser with 20 mL of water, disconnect the flask from the
condenser, and filter the mixture. Rinse the flask and the filter thoroughly with small
portions of water, adding the rinsings to the filtrate. Add 5 mL of glacial acetic acid.

Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N Silver nitrate VS
Endpoint detection:  Potentiometric

Analysis:  Titrate the Sample solution with 0.1 N Silver nitrate VS. Calculate the
percentage of iohexol (C19H26I3N3O9), in the portion of sample taken:

Result = (V × N × F)/W × 100

V= Titrant volume consumed by the Sample (mL)
N= Titrant normality (meq/mL)
F= equivalent weight of iohexol (273.7 mg/meq)
W= Sample weight (mg)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Heavy Metals, Method I 231 : NMT 20 ppm

Change to read:
•  

Limit of
Ionic Compounds 

Rinse all glassware five times with distilled water.
Standard solution 0.002 mg/mL of sodium chloride in water
Sample solution:  1 g of Iohexol in 50 mL water
Analysis 

Samples:  Standard solution and Sample solution

Measure the specific resistance, (Rsp), at 20  of a solution in water (1 in 50), using a
suitable water purity meter. Calculate the specific conductance, K, taken:
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Result = (1/Rsp) 106

Acceptance criteria:  The specific conductance of the Sample solution is NMT that of the
Standard solution (equivalent to 0.01% ionic compounds as sodium chloride).

Delete the following:
•  Free Iodine

Sample solution: Transfer 2.1 g to a 50-mL centrifuge tube provided with a stopper, add
20 mL of water, and shake vigorously to dissolve. [Note—The solution may be heated
gently to assist in dissolving the sample. Cool to room temperature before proceeding. ]

Analysis: Add 5.0 mL of toluene and 5 mL of 2 N sulfuric acid, shake, and centrifuge at high
speed for 15 min.

Acceptance criteria: The toluene layer shows no red or pink color.

Change to read:
•  

Limit of
Free Iodide

Analysis:  Transfer 5.0 g to a suitable container, add about 20 mL of water to dissolve,
and titrate with 0.001 N silver nitrate VS using a silver electrode in combination with an
appropriate reference electrode, determining the endpoint potentiometrically. Each mL of
0.001 N silver nitrate is equivalent to 126.9 µg of I (0.001%).
Sample:  5g of Iohexol
Sample solution:  Dissolve the Sample in 20 mL of water.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.001 N silver nitrate VS
Endpoint detection:  Potentiometric

Analysis:  Calculate the percentage of free iodide in the portion of the sample taken:

Result = (V × N × F)/W × 100

V= Titrant volume (mL) consumed by the Sample
N= Titrant normality (meq/mL)
F= equivalent weight of iodide (0.1269 mg/meq)
W= Sample weight (mg)
Acceptance criteria:  NMT 0.001%

Change to read:
•  Organic Impurities

Solution A:  Acetonitrile
Solution B:  Water
Mobile phase:  See Table 1.

Table 1

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 1 99
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60 13 87
System suitability solution:  1.5 mg/mL of USP Iohexol RS, 0.0075 mg/mL of USP Iohexol

Related Compound A RS, and 0.0069 mg/mL of USP Iohexol Related Compound C RS in
water

Sample solution:  1.5 mg/mL of Iohexol
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm stainless steel column; packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The retention time for the O-alkylated compounds is between 1.1 and 1.4 relative

to the exo-isomer of iohexol.The peak area of iohexol related compound C is 0.5% ±
0.1% by comparison to the total area of all the peaks in the chromatogram.]
[

Note—Iohexol may give two nonresolved peaks due to exo-endo isomerism. In addition, a
small peak due to iohexol usually appears at the leading edge of the first principal peak.
This small peak has a relative retention time about 1.2 min less than the first principal
peak. 
The relative retention times for the peaks are as follows: iohexol related compound A,
0.85; iohexol endo isomer, 0.96; iohexol exo isomer, 1.0; O-alkylated compounds, 1.1–
1.4; and iohexol related compound C, 2.0. ]

Suitability requirements 
Resolution:  NLT 20.0 between iohexol related compound A and iohexol related compound C
NLT 5.0 between iohexol related compound A and the exo isomer (the 2nd and greater peak)
of iohexol

Analysis 
Sample:  Sample solution 

Calculate the percentage of O-alkylated compounds and any other individual impurity in the
portion of Iohexol taken: Exclude peaks with a retention time between 0.84 (relative to the
endo-isomer of iohexol [first main peak]) and the endo-isomer of iohexol

Result = (rU/rT) × 100

rU= peak response of each impurity
rT= sum of all of the peak responses

Acceptance criteria:  
Disregard any peak below 0.03%.
Any individual impurity:  NMT 0.1%
O-alkylated compounds:  NMT 0.6%
Total impurities excluding O-alkylated compounds:  NMT 0.3%

Delete the following:
•   Limit of methanol, isopropyl alcohol, and methoxyethanol

Internal standard solution: 0.05 mg/mL of butyl alcohol
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Standard stock solution: Transfer 0.6 g of methanol to a 1000-mL volumetric flask, and
add 100 mL of water. Add 0.6 g of isopropyl alcohol, and 100 mL of water. Add 0.6 g of
methoxyethanol, and 100 mL of water. Dilute with water to volume.

Standard solution A: Transfer 10.0 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with water to volume.

Standard solution B: Transfer 5.0 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with water to volume.

Standard solution C: Transfer 10.0 mL of Standard stock solution to a 100-mL volumetric
flask, and dilute with water to volume.

Standard solution D: Transfer 10.0 mL of Standard solution C and 10.0 mL of Internal
standard solution to a 50-mL volumetric flask, dilute with water to volume, and mix.
Transfer 6.0 mL of the solution so obtained to a vial fitted with a septum and crimp cap,

and seal. Heat the sealed vial at 95  for 15 min.
Sample stock solution: Transfer about 6.25 g of Iohexol to a 25-mL volumetric flask. Add

5.0 mL of Internal standard solution, and dilute with water to volume.
Sample solution A: Transfer 5.0 mL of Sample stock solution and 1.0 mL of water to a vial

fitted with a septum and crimp cap, and seal. Heat the sealed vial at 95  for 15 min.
Sample solution B: Transfer 5.0 mL of Sample stock solution and 1.0 mL of Standard

solution A to a vial fitted with a septum and crimp cap, and seal. Heat the sealed vial at

95  for 15 min.
Sample solution C: Transfer 5.0 mL of Sample stock solution and 1.0 mL of Standard

solution B to a vial fitted with a septum and crimp cap, and seal. Heat the sealed vial at

95  for 15 min.
Sample solution D: Transfer 5.0 mL of Sample stock solution and 1.0 mL of Standard

solution C to a vial fitted with a septum and crimp cap, and seal. Heat the sealed vial at

95  for 15 min.
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused-silica column coated with a 3-µm phase G43
Carrier gas: Helium
Temperature 

Injector: 140

Detector: 250
Column: See Table 2.

Table 2

Initial 
Temperature 

( )

Temperature 
Ramp 

( /min)

Final 
Temperature 
(2)

Hold Time at Final 
Temperature 
(min)

40 — 40 5
40 10 100 1

Flow rate: 14 mL/min
Injection volume: 2 mL of the head space
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System suitability 
Sample: Standard solution D
[Note—The relative retention times for methanol, isopropyl alcohol, secondary butyl

alcohol, and methoxyethanol are 0.3, 0.5, 1.0, and 1.3, respectively. ]
Suitability requirements 

Resolution: NLT 2.5 between methanol and isopropyl alcohol
Relative standard deviation: NMT 5.0% determined from individual peak responses

Analysis 
Samples: Sample solutions A, B, C, and D 

Calculate the peak area ratio for each analyte to the internal standard. Plot the peak
area ratios from the Sample solutions against the quantity of each individual analyte
standard added in mg/g of Iohexol. Extrapolate the line joining the points until it
intercepts the concentration axis. The distance between this point and the intersection
of the axis is the concentration C, in mg/g, of methanol, isopropyl alcohol, or
methoxyethanol in the portion of Iohexol taken.

Acceptance criteria: NMT 0.005% each of methanol and isopropyl alcohol and NMT 0.002%
of methoxyethanol

Delete the following:
•  Limit of 3-Chloro-1,2-propanediol

System suitability stock solution: 25µg/mL of 3-Chloropropane-1,2-diol in ethylacetate.
System suitability solution: Transfer 1 g of iohexol containing less than 5 µg to a

separator. Dissolve in 1 mL of water. Add 2.0 mL of System suitability stock solution to
the separator. Transfer the ethyl acetate layer to a separate container, and extract the
aqueous layer three additional times with 2 mL of ethyl acetate, combining all four
extracts. Dry the combined extracts using anhydrous sodium sulfate. Filter, and wash the
filter with a small amount of ethyl acetate. Combine the wash with the filtrate, and
concentrate to a volume of 2.0 mL, using a warm water bath and a stream of nitrogen.
Pass this solution through a membrane filter, and use the clear filtrate.

Standard solution: 20 µg/mL of 3-chloropropane-1,2-diol in ethyl acetate
Sample solution: Transfer 1 g of Iohexol to a separator. Dissolve in 1 mL of water.Extract

4 times with 2 mL of ethyl acetate, and combine the extracts. Dry the combined extracts
with anhydrous sodium sulfate. Filter, and wash the filter with a small amount of ethyl
acetate. Combine the wash with the filtrate, and concentrate to a volume of 2.0 mL,
using a warm water bath and a stream of nitrogen. Pass this solution through a membrane
filter, and use the clear filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column bonded with a 1-µm layer of phase

G46
Temperature 

Injector: 230

Detector: 250
Column: See Table 3.

Table 3
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Initial 
Temperature 

( )

Temperature 
Ramp 

( /min)

Final 
Temperature 

( )

Hold Time at Final 
Temperature 
(min)

50 — 50 2
50 10 200 —

Carrier gas: Helium under 760 mm Hg pressure
Injection volume: 2µL

System suitability 
Samples: Standard solution and System suitability solution
[Note—Retention times of two chloropropanediol isomers, are 12 and 12.5 min. ]
Suitability requirements 

Relative standard deviation: NMT 10.0% for the sum of the two peaks of 3-
chloropropane-1,2-diol, Standard solution

Recovery:  
Calculate the percentage of , of 3-chloropropane-1,2-diol R

Result = (rSS/rS) × (CS/CSS) × 100

rSS= sum of the two peaks of 3-chloro-1,2-propanediol peak responses from the System
suitability solution

rS= sum of the two peaks of 3-chloropropane-1,2-diol peak response from the Standard
solution

CS= concentration of 3-chloropropane-1,2-diol in the Standard solution (µg/mL)
CSS= concentration of 3-chloropropane-1,2-diol in the System suitability solution (µg/mL)
60-90% of 3-chloropropane-1,2-diol is recovered

Analysis 
Sample: Sample solution

Calculate the percentage of 3-chloropropane-1,2-diol in the portion of Iohexol taken:

Result = (rU/rS) × (2 CS/R) × 100

rU= total of the peak responses of the two isomers from the Sample solution
rS= total of the peak responses of the two isomers from the Standard solution
CS= concentration of 3-chloropropane-1,2-diol in the Standard solution (µg/mL)
R= percentage recovery determined under Chromatographic system
Acceptance criteria: NMT 0.0025%

Add the following:
•  Limit of 3-Chloropropane-1,2-diol

Standard solution:  0.025 mg/mL of 3-chloropropane-1,2-diol in methyl acetate
Sample solution:  Transfer 1 g of Iohexol to a separator. Dissolve in 1 mL of water. Extract

4 times with 2 mL of methyl acetate, and combine the extracts. Dry the combined
extracts with anhydrous sodium sulfate. Filter, and wash the filter with a small amount of
ethyl acetate. Combine the wash with the filtrate, and concentrate to a volume of 0.7
mL, using a warm water bath and a stream of nitrogen. Dilute with methyl acetate to 1
mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
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PF 39(3): May-Jun. 2013 328



Mode:  GC
Detector:  Flame ionization
Column:  0.33-mm × 25-m fused-silica capillary column bonded with a 1-µm layer of

phase G3
Temperatures 

Injection port:  230

Detector:  250
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

80 — 80 2
80 15 170 —
170 — 170 2

Carrier gas:  Helium at 1 mL/min
Injection volume:  2 µL

System suitability 
Sample:  Standard solution
[Note—Retention time of the 3-chloropropane-1,2-diol peak is about 8 min.]

Suitability requirements 
Relative standard deviation:  NMT 10.0%

Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria:  The area of the principal peak from the Sample solution is NMT than
the area of the principal peak from the Standard solution (NMT 0.0025%).

Change to read:
•  Limit of Free Aromatic amine

Solution A:  1 mg/mL
3 mg/mL

of N-(1-naphthyl)ethylenediamine dihydrochloride in a mixture of propylene glycol and water
(70:30)

Standard stock solution:  10 µg/mL of USP Iohexol Related Compound B RS in water
Standard solution:  Transfer 5 mL of water and 10.0 mL of the Standard stock solution to

a 50-mL
25-mL

volumetric flask.
Sample solution:  Transfer 200 mg to a 50-mL
25-mL

volumetric flask, add 15 mL of water, and mix to dissolve.
Blank:  Add 15 mL of water to a 50-mL
25-mL

volumetric flask.
Instrumental conditions 

Mode:  Vis
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Analytical wavelength:  495 nm
Cell:  5 cm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

In conducting the following steps, keep the flasks in the ice bath as much as possible until
all of the reagents have been added.Treat each flask as follows. Add 3.0 mL of 5 N
hydrochloric acid, and swirl to mix. Add 2.0 mL of sodium nitrite solution (1 in 50), mix,
and allow to stand for 4 min. Add 2.0 mL of sulfamic acid solution (1 in 25), shake, and
allow to stand for 1 min.

[Caution—Considerable pressure is produced.]

Remove the flasks from the ice bath. To each flask add 2.0 mL of a freshly prepared 1 in
1000 solution of N-(1-naphthyl)ethylenediamine dihydrochloride in dilute propylene glycol
(7 in 10), and mix. Dilute with water to volume, mix, and allow to stand for 5 min.

In conducting the following steps, keep the flasks in iced water and protected as much
as possible from light until all of the reagents have been added.

Treat the Samples as follows. Place the flask in an ice bath for 5 min. Add 1.5 mL of 6 N
hydrochloric acid, and mix by swirling. Add 1.0 mL of sodium nitrite solution (20 mg/mL),
and allow to stand in the ice bath for 4 min. Remove the flask from the ice bath, add 1.0
mL of sulfamic acid solution (40 mg/mL), and swirl gently until gas evolution ceases.
[Caution—Considerable pressure is produced.] Add 1.0 mL of Solution A, dilute with
water to volume, and allow to stand for 5 min. Measure the absorbance of the Standard
solution and Sample solution against the Blank solution.

Acceptance criteria:  The absorbance of the Sample solution is NMT that of the Standard
solution (NMT 0.05% of free aromatic amine).

SPECIFIC TESTS
•  Color of Solution

Sample solution:  647.2 mg/mL
Blank:  Water
Instrumental conditions 

Mode:  Vis
Analytical wavelengths:  400 nm, 420 nm, and 450 nm
Cell:  1 cm

Analysis 
Samples:  Sample solution and Blank 

Pass the Sample solution through a filter having a 0.22-µm pore size. Determine the
absorbances of the Sample solution against the Blank.

Acceptance criteria:   See Table 3.

Table 3

Wavelength 
(nm)

NMT 
(au)

400 0.180
420 0.030
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450 0.015

Delete the following:

•  Optical Rotation, Specific Rotation 781S : 0.5  to +0.5
Sample solution: 50 mg/mL

•  Water Determination, Method I 921 : NMT 4.0%

ADDITIONAL REQUIREMENTS

Change to read:

•  Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at 25 ,

excursions permitted between 15 –30
room temperature.

•  USP Reference Standards 11
USP Iohexol RS 
USP Iohexol Related Compound A RS 

5-(Acetylamino)-N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-
benzenedicarboxamide.     
C16H20I3N3O7      747.06

USP Iohexol Related Compound B RS 
5-Amino-N,N¢-bis(2,3-dihydroxypropyl)-2,4,6-triiodo-1,3-benzenedicarboxamide.     
C14H18I3N3O6       705.02

USP Iohexol Related Compound C RS 
N,N¢-Bis(2,3-dihydroxypropyl)-5-nitro-1,3-benzenedicarboxamide.     
C14H19N3O8      357.32

BRIEFING

Ketoprofen Capsules, page 1541 of PF 36(6) [Nov.–Dec. 2010]. Because more than 2 years
have elapsed since this article was first presented for public comments, it is proposed to
delete the proposal that first appeared in PF 36(6) and to republish a redesigned version. On
the basis of comments received, it is proposed to revise the Tolerances in the test for
Dissolution from 75% (Q) to 80% (Q) to be consistent with the approved specification.
Identification test A has also been revised to reduce the sample size of the contents of the
Capsules and to remove the requirement for prolonged scratching of the container walls with
a glass rod to induce crystallization. In the test for Organic Impurities, a requirement for
relative standard deviation is added to ensure injection precision, and approximate relative
retention times for impurities are provided as additional information. Other minor revisions,
based on style, have also been made.

(SM2: C. Anthony.)
Correspondence Number—C101682

Comment deadline: July 31, 2013

Add the following:
Ketoprofen Capsules

DEFINITION
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Ketoprofen Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of ketoprofen
(C16H14O3).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample solution:  Shake a quantity of the contents of the Capsules containing 50 mg of

ketoprofen with 5 mL of chloroform for 5 min, filter, and evaporate to dryness using a
rotary evaporator.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

The Standard solution and Sample solution must be protected from light.
Mobile phase:  Acetonitrile, glacial acetic acid, and water (90:1:110)
System suitability stock solution:  0.25 mg/mL of USP Ketoprofen RS and 0.5 mg/mL of

USP Ketoprofen Related Compound A RS in Mobile phase
System suitability solution:   0.02 mg/mL of USP Ketoprofen RS and 0.04 mg/mL of USP

Ketoprofen Related Compound A RS in Mobile phase from System suitability stock solution
Standard stock solution:  0.24 mg/mL of USP Ketoprofen RS in Mobile phase
Standard solution:  0.024 mg/mL of USP Ketoprofen RS in Mobile phase from Standard

stock solution
Sample solution:   Nominally 0.024 mg/mL of ketoprofen in Mobile phase prepared as

follows. Remove completely the contents of NLT 20 Capsules, and transfer a quantity of
the contents, equivalent to 200 mg of ketoprofen, to a 250-mL volumetric flask. Add 150
mL of Mobile phase, stir for 2 h, then dilute with Mobile phase to volume. Centrifuge a
portion of the preparation. Pipet 3.0 mL of clear supernatant into a 100-mL volumetric
flask. Dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between ketoprofen and ketoprofen related compound A, System
suitability solution

Tailing factor:   NMT 1.5 for the ketoprofen peak, System suitability solution
Relative standard deviation:   NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of ketoprofen (C16H14O3) in the portion of
Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ketoprofen RS in the Standard solution (mg/mL)
CU= nominal concentration of ketoprofen in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711  
The Standard solution and Sample solution must be protected from light.

Medium:  0.05 M phosphate buffer, pH 7.4; 1000 mL
Apparatus 2:  50 rpm
Time:  30 min
Standard solution:  USP Ketoprofen RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter. Dilute

with Medium, if necessary, to a concentration similar to that of the Standard solution.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  260 nm
Cell path length:  1 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of ketoprofen (C16H14O3) dissolved:

Result = (AU/AS) × (CS/L) × D × V × 100

AU= absorbance from the Sample solution
AS= absorbance from the Standard solution
CS= concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
D= dilution factor of the Sample solution
V= volume of Medium, 1000 mL
Tolerances:  NLT 80% (Q) of the labeled amount of ketoprofen (C16H14O3) is dissolved.

IMPURITIES
•  Organic Impurities 

The System suitability solution, Standard solution, and Sample solution must be protected
from light.

Buffer:  68.0 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.5 ± 0.05.

Mobile phase:  Acetonitrile, water, and Buffer (43:55:2)
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Diluent:  Acetonitrile and water (2:3)
System suitability solution:  5 µg/mL of USP Ketoprofen RS and 1.5 µg/mL of USP

Ketoprofen Related Compound D RS in Diluent
Standard solution:  2 µg/mL of USP Ketoprofen RS, 2 µg/mL of USP Ketoprofen Related

Compound C RS, and 3 µg/mL of USP Ketoprofen Related Compound D RS in Diluent
Sample solution:  Nominally 1 mg/mL of ketoprofen in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 233 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  7 times the retention time of ketoprofen

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 7.0 between ketoprofen related compound D and ketoprofen
Relative standard deviation:  NMT 10% for the ketoprofen peak

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
CS= concentration of the corresponding USP Ketoprofen Related Compound RS in the

Standard solution (mg/mL); use the concentration of the USP Ketoprofen RS for
unknown impurities

CU= nominal concentration of ketoprofen in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Ketoprofen related compound Ca 0.3 0.2
Ketoprofen 1.0 —
Ketoprofen related compound Db 1.5 0.3
Individual unspecified impurity — 0.2
Total impurities — 0.5

a  2-(3-Carboxyphenyl) propionic acid.
b  3-Acetylbenzophenone.

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.

•  USP Reference Standards 11
USP Ketoprofen RS  

(±)-m-Benzoylhydratropic acid.     
C16H14O3      254.28

USP Ketoprofen Related Compound A RS 
-Methyl-3-(4-methylbenzoyl) benzeneacetic acid.     

C17H16O3      268.31
USP Ketoprofen Related Compound C RS 

2-(3-Carboxyphenyl) propionic acid.     
C10H10O4      194.18

USP Ketoprofen Related Compound D RS 
3-Acetylbenzophenone.     
C15H12O2      224.25

BRIEFING

Lithium Carbonate Capsules, USP 36 page 4130. On the basis of comments received, it is
proposed to revise the monograph as follows:

1. Replace the subjective Identification test B, which is a flame test, with an instrumental
procedure from the Assay.

2. Include the details of the Surfactant solution and Blank required in the Assay and the
test for Dissolution.

3. Clarify the Sample solution in the test for Dissolution.
4. Include an equation to calculate the percentage of lithium carbonate dissolved in the

test for Dissolution.
5. Revise the Packaging and Storage section to include the storage temperature per the

approved package insert.
6. Make minor editorial changes for consistency with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C127197

Comment deadline: July 31, 2013
Lithium Carbonate Capsules

DEFINITION

Lithium Carbonate Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of
lithium carbonate (Li2CO3).

IDENTIFICATION
•  A. A portion of the Capsule contents effervesces upon the addition of an acid, yielding a

colorless gas that, when passed into calcium hydroxide TS, immediately forms a white
precipitate.

Change to read:
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•  B. A portion of the Capsule contents when moistened with hydrochloric acid, it imparts an
intense crimson color to a nonluminous flame.

The emission intensity at 671 nm of the Sample solution corresponds to that of the Standard
solution as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Surfactant solution:  1%–2% (v/v) solution of nonionic surfactant such as t-dodecyl
mercaptan ethoxylate or polyoxyethylene (20) sorbitan monolaurate in water
Blank:  Surfactant solution and water (1:50)

Standard stock solution:  0.3 mg/mL of USP Lithium Carbonate RS prepared as follows.
Transfer the required quantity of USP Lithium Carbonate RS to a suitable volumetric flask,
and add water to 20% of the flask volume and hydrochloric acid to 0.5% of the flask
volume. Shake until dissolved, and dilute with water to volume.

Standard solution:  0.006 mg/mL of USP Lithium Carbonate RS from Standard stock
solution prepared as follows. Pipet a suitable volume of Standard stock solution into a
suitable volumetric flask. Add water to 80% of the flask volume and Surfactant solution to
2% of the flask volume, and dilute with water to volume.

Sample stock solution:  Nominally 0.6 mg/mL of lithium carbonate from the contents of
NLT 20 Capsules prepared as follows. Transfer a portion of powder, equivalent to NLT 600
mg of lithium carbonate, into a suitable volumetric flask. Add water to 4% of the flask
volume and hydrochloric acid to 0.5% of the flask volume, shake until the solid is well
disintegrated, and dilute with water to volume.

Sample solution:  Nominally 0.006 mg/mL of lithium carbonate from Sample stock solution
prepared as follows. Pipet a suitable volume of Sample stock solution into a suitable
volumetric flask. Add water to 80% of the flask volume and Surfactant solution to 2% of
the flask volume, and dilute with water to volume.

Instrumental conditions 
Mode:  Flame photometry
Analytical wavelength:  About 671 nm

Analysis 
Samples:  
Blank,

Standard solution. and Sample solution 
Use the Blank to zero the instrument. Measure the emission responses for the Standard
solution and Sample solution. 
Calculate the percentage of the labeled amount of lithium carbonate (Li2CO3) in the
portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= emission response from the Sample solution
rS= emission response from the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%
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PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  30 min

Surfactant solution, Blank, and
Standard solution:  Prepare as directed for the Standard solution

in the Assay.
Sample solution:  
Pass the solution under test through a suitable filter. Transfer 20.0 mL of the filtrate to a
1000-mL volumetric flask. Add 500 mL of water, 1 drop of hydrochloric acid, and 20 mL of
Surfactant solution. Dilute with water to volume.

Analysis 
Samples:  
Blank, 

Standard solution, and Sample solution 
Use the Blank to zero the instrument. Measure the emission responses for the Standard
solution and Sample solution. 
Calculate percentage of the labeled amount of lithium carbonate (Li2CO3) dissolved:

Result = (rU/rS) × CS × V × D × (1/L) × 100

rU= emission response from the Sample solution
rS= emission response from the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
D= dilution factor
L= label claim (mg/Capsule)

Tolerances:  NLT 80% (Q) of the labeled amount of lithium carbonate (Li2CO3) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Lithium Carbonate RS

BRIEFING

Lithium Carbonate Tablets, USP 36 page 4131. On the basis of comments received, it is
proposed to revise the monograph as follows:

1. Replace the subjective Identification test B, based on a flame test, with an instrumental
procedure from the Assay.
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2. Include the details of the Surfactant solution and Blank required in the Assay.
3. Include correct information regarding the Surfactant solution used in the test for

Dissolution.
4. Include the correct equation for calculation in the test for Dissolution.
5. Revise the Packaging and Storage section for consistency with the approved package

inserts.
6. Make minor editorial changes for consistency with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C127199

Comment deadline: July 31, 2013
Lithium Carbonate Tablets

DEFINITION

Lithium Carbonate Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of lithium
carbonate (Li2CO3).

IDENTIFICATION

A portion of the powdered Tablets meets the requirements of the following tests.
•  A. It effervesces upon the addition of an acid, yielding a colorless gas that, when passed

into calcium hydroxide TS, immediately forms a white precipitate.

Change to read:
•  B. When moistened with hydrochloric acid, it imparts an intense crimson color to a

nonluminous flame.
The emission intensity at 671 nm of the Sample solution corresponds to that of the Standard

solution as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Surfactant solution:  1%–2% solution of nonionic surfactant such as t-dodecyl
mercaptan ethoxylate or polyoxyethylene (20) sorbitan monolaurate in water
Blank:  Surfactant solution and water (1:50)

Standard solution:  Transfer 30 mg of USP Lithium Carbonate RS to a 100-mL volumetric
flask, and add 20 mL of water and 0.5 mL of hydrochloric acid. Shake until dissolved, and
dilute with water to volume. Pipet 20 mL of the resulting solution into a 1000-mL
volumetric flask, add 800 mL of water and 20 mL of a suitable surfactant solution, and
dilute with water to volume.

Sample solution:  Powder NLT 20 Tablets. Transfer a portion of powder, nominally
equivalent to 600 mg of lithium carbonate, into a 1000-mL volumetric flask. Add 40 mL of
water and 5 mL of hydrochloric acid, shake until the solid is well disintegrated, and dilute
with water to volume. Pipet 10 mL of the resulting solution into a 1000-mL volumetric
flask, add 800 mL of water and 20 mL of the surfactant solution, and dilute with water to
volume.
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Instrumental conditions 
Mode:  Flame photometer
Analytical wavelength:  About 671 nm
[Note—Adjust the instrument with the surfactant solution.]

Analysis 
Samples:  
Blank,

Standard solution, and Sample solution 
Calculate the percentage of the labeled amount of lithium carbonate (Li2CO3) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of lithium carbonate in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  30 min
Surfactant solution:  Nonoxynol-9 in water (1:1) v/v
Standard solution:  Transfer 30 mg of USP Lithium Carbonate RS to a 100-mL volumetric

flask. Add 20 mL of water and 0.5 mL of hydrochloric acid, shake until dissolved, and
dilute with water to volume. Pipet 20 mL of the resulting solution into a 1000-mL
volumetric flask, add 800 mL of water and 20 mL of the Surfactant solution
Surfactant solution, Blank, and Standard solution:  Proceed as directed in the Assay.

Sample solution:  Dilute 900 mL of the solution under test with Medium to 1000 mL. Pass
through a suitable filter. Transfer 20.0 mL of the filtrate to a 1000-mL volumetric flask.
Add 500 mL of water, 1 drop of hydrochloric acid, and 20 mL of Surfactant solution. Dilute
with water to volume.
Instrumental conditions 
Mode:  Flame photometer
Analytical wavelength:  About 671 nm
[Note—Adjust the instrument with the surfactant solution.]

Analysis 
Samples:  
Blank,

Standard solution, and Sample solution 
Calculate the percentage of the labeled amount of lithium carbonate (Li2CO3) dissolved:
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Result = (ru/rs) × (CS/CU) × 100

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)
CU= nominal concentration of lithium carbonate in the Sample solution (mg/mL)
V = volume of the Medium, 900 mL

L = label claim (mg/Tablet)
Tolerances:  NLT 80% (Q) of the labeled amount of lithium carbonate (Li2CO3) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Preserve in tight containers. Protect from moisture. Store at controlled room temperature.

•  USP Reference Standards 11
USP Lithium Carbonate RS

BRIEFING

Lithium Carbonate Extended Release Tablets, USP 36 page 4132. On the basis of comments
received, it is proposed to revise the monograph as follows:

1. Replace the subjective Identification test B, which is a flame test, with an instrumental
procedure from the Assay.

2. Revise the Standard solution in the Assay to use the Diluent instead of hydrochloric acid
and water.

3. Include equations for calculating the percentage of lithium carbonate dissolved in the
test for Dissolution.

4. Revise the Packaging and Storage section for consistency with the approved package
insert.

5. Revise the Labeling statement for consistency with the current USP policy. Accordingly,
delete the statement referring to labeling in Test 1.

6. Make minor editorial changes for consistency with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C127198

Comment deadline: July 31, 2013
Lithium Carbonate Extended-Release Tablets

DEFINITION

Lithium Carbonate Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of lithium carbonate (Li2CO3).
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IDENTIFICATION
•  A. A portion of powdered Tablets effervesces upon the addition of an acid, yielding a

colorless gas that, when passed into calcium hydroxide TS, immediately forms a white
precipitate.

Change to read:
•  B. When moistened with hydrochloric acid, it imparts an intense crimson color to a

nonluminous flame.
The emission intensity at 671 nm of the Sample solution corresponds to that of the Standard

solution as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Diluent:  Dilute 5 mL of hydrochloric acid with water to 1 L.
Standard solution:  0.3 mg/mL of USP Lithium Carbonate RS in Diluent
prepared as follows. Transfer a suitable quantity of USP Lithium Carbonate RS to an
appropriate volumetric flask. Add water to 20% of the flask volume, and hydrochloric acid
to 0.5% of the flask volume. Shake until dissolved, and dilute with water to volume.

Sample stock solution:  Nominally 12 mg/mL of lithium carbonate from a number of Tablets,
nominally equivalent to NLT 1200 mg of lithium carbonate prepared as follows. Transfer
the required number of Tablets to a suitable container. Add the required amount of
Diluent. Shake until completely dissolved. Filter, and discard the first 25 mL. Use the
remaining filtrate

Sample solution:  Nominally 0.3 mg/ mL from Sample stock solution in Diluent.
[Note—The Standard solution and Sample solution may be diluted quantitatively with

Diluent, if necessary, to yield solutions of suitable concentrations adaptable to the linear
or working range of the instrument.]

Instrumental conditions 
Mode:  Flame photometry
Analytical wavelength:  About 671 nm

Analysis 
Samples:  Standard solution and Sample solution

Use the Diluent to zero the instrument. Measure the emission responses for the Standard
solution and the Sample solution. 
Calculate the percentage of labeled amount of lithium carbonate (Li2CO3) in the portion of
Tablets:

Result = (rU/rS) × (CS/CU) × D × 100

rU= emission response from the Sample solution
rS= emission response from the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)
CU= nominal concentration of lithium carbonate in the Sample solution (mg/mL)
D= dilution factor, if needed
Acceptance criteria:  90.0%–110.0%
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PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Test 1:  If the product complies with this procedure, the labeling indicates that it meets USP

Dissolution Test 1.

Medium:  Dilute hydrochloric acid (7 in 1000); 800 mL
Apparatus 1:  100 rpm
Time:  15, 45, 90, and 120 min
Standard solution:  USP Lithium Carbonate RS at a known concentration in Medium
Sample solution:  At each time point i, withdraw 8.0 mL of the Sample solution, and pass

through a filter of 35-µm or finer pore size. Use the filtrate as the Sample solution,
suitably diluted with Medium if necessary.

Instrumental conditions 
Mode:  Flame photometry
Analytical wavelength:  About 671 nm

Analysis 
Samples:  Standard solution and Sample solution

Use the Medium to zero the instrument. Measure the emission responses for the
Standard solution and the Sample solution. 
Calculate the concentration, Ci, of lithium carbonate (Li2CO3) in Medium (mg/mL) at
each time point i:

Ci = (rU/rS) × CS

rU= emission response from the Sample solution
rS= emission response from the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)

Calculate the percentage of the labeled amount (Qi) of lithium carbonate (Li2CO3)
dissolved at each time point i:

Result1 = C1 × V × (1/L) × 100

Result i = ({Ci × [V  (i  1) × VS]} + [(Ci  1 + Ci  2... + C1) × VS]) × (1/L) × 100

Ci= concentration of lithium carbonate in Medium in the portion of sample withdrawn at
time point i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
VS= volume of the Sample solution withdrawn from the Medium (mL)

Tolerances:  See Table 1.

Table 1

Time Point
(i)

Time
(min)

Amount Dissolved
(%)

1 15 2–16
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2 45 25–45
3 90 60–85
4 120 NLT 85

The percentages of the labeled amount of lithium carbonate (Li2CO3) dissolved at the times

specified conform to Acceptance Table 2 in Dissolution 711 .
Test 2:  If the product complies with this procedure, the labeling indicates that it meets USP

Dissolution Test 2.
Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  1, 3, and 7 h
Standard solution, Sample solution, Instrumental conditions, and Analysis:  Proceed as

directed in Test 1.

Calculate the percentage of labeled amount of lithium carbonate (Li2CO3) dissolved at each
time point as described in the Test 1.
Tolerances:  See Table 2.

Table 2

Time Point
(i)

Time
(h)

Amount Dissolved
(%)

1 1 NMT 40
2 3 45–75
3 7 NLT 70

The percentages of the labeled amount of lithium carbonate (Li2CO3) dissolved at the times

specified conform to Acceptance Table 2 in Dissolution 711 .
Test 3:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 3.
Medium:  Water; 250 mL
Apparatus 3:  6 dips/min, 20-mesh top screen and 100-mesh bottom screen
Time:  1, 2, and 6 h
Standard solution, Sample solution, Instrumental conditions, and Analysis:  Proceed as

directed in Test 1.

Calculate the percentage of labeled amount of lithium carbonate (Li2CO3) dissolved at each
time point as described in the Test 1.
Tolerances:  See Table 3.

Table 3

Time Point
(i)

Time
(h)

Amount Dissolved
(%)

1 1 10–45
2 2 25–75
3 6 NLT 70

The percentages of the labeled amount of lithium carbonate (Li2CO3) dissolved at the times
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specified conform to Acceptance Table 2 in Dissolution 711 .
Test 4:  If the product complies with this procedure, the labeling indicates that it meets USP

Dissolution Test 4.
Medium:  Dilute hydrochloric acid (7 in 1000); 800 mL
Apparatus 1:  100 rpm
Time:  15, 45, 90, and 120 min
Standard solution, Sample solution, Instrumental conditions, and Analysis:  Proceed as

directed in Test 1.

Calculate the percentage of labeled amount of lithium carbonate (Li2CO3) dissolved at each
time point as described in the Test 1.
Tolerances:  See Table 4.

Table 4

Time Point
(i)

Time
(min)

Amount Dissolved
(%)

1 15 NMT 15
2 45 20–45
3 90 50–80
4 120 NLT 70

The percentages of the labeled amount of lithium carbonate (Li2CO3) dissolved at the times

specified conform to Acceptance Table 2 in Dissolution 711 .
Test 5:  If the product complies with this procedure, the labeling indicates that it meets USP

Dissolution Test 5.
Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  30, 90, and 150 min
Standard solution, Sample solution, Instrumental conditions, and Analysis:  Proceed as

directed in Test 1.

Calculate the percentage of labeled amount of lithium carbonate (Li2CO3) dissolved at each
time point as described in the Test 1.
Tolerances:  See Table 5.

Table 5

Time Point
(i)

Time
(min)

Amount Dissolved
(%)

1 30 10–30
2 90 55–75
3 150 NLT 85%

The percentages of the labeled amount of lithium carbonate (Li2CO3) dissolved at the times

specified conform to Acceptance Table 2 in Dissolution 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Protect from moisture. Store at controlled room temperature.

Change to read:
•  Labeling: The labeling indicates the Dissolution Test with which the product complies.
When more than one Dissolution test is given, the labeling states the Dissolution test used

only if Test 1 is not used.

•  USP Reference Standards 11
USP Lithium Carbonate RS

BRIEFING

Magnesium Carbonate and Citric Acid for Oral Solution, USP 36 page 4176. It is proposed
to expand the Identification tests from their original, brief cross-reference to the Magnesium
Citrate Oral Solution monograph to present complete detailed procedures. The tests will be
deleted from the Other requirements section and included in a new Identification section as
tests A and B. However, the wet chemistry Identification test B for presence of citrate is
being replaced with a retention time agreement from the test for Content of Anhydrous
Citric Acid, eliminating the use of mercuric sulfate. Additionally, the preparation of the
Sample solution in the test for Content of Anhydrous Citric Acid is simplified to provide the
user flexibility in the initial concentration prepared.

(SM3: M. Puderbaugh.)
Correspondence Number—C127306

Comment deadline: July 31, 2013
Magnesium Carbonate and Citric Acid for Oral Solution

DEFINITION

Magnesium Carbonate and Citric Acid for Oral Solution contains a dry mixture of Magnesium
Carbonate and Citric Acid that when constituted as directed in the labeling yields a solution
that contains NLT 90.0% and NMT 110.0% of the labeled amount of magnesium citrate
(C12H10Mg3O14).

IDENTIFICATION

Add the following:

•  A. Identification Tests—General, Magnesium 191
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  Meets the requirements

Change to read:
•  B.

Sample solution:  Constitute as directed in the labeling.
Analysis:  To 5 mL of Sample solution, add 1 mL of potassium permanganate TS and 5 mL

of mercuric sulfate TS, and heat the solution.
Acceptance criteria:  A white precipitate is formed.
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The retention time of the citrate peak of the Sample solution corresponds to that of Standard
solution 1, as obtained in the test for Content of Anhydrous Citric Acid.

ASSAY
•  Procedure

Sample solution:  Transfer a volume of constituted Oral Solution, equivalent to 18.7 g of
magnesium citrate (C12H10Mg3O14), to a 1000-mL volumetric flask. Add 200 mL of 1 N
hydrochloric acid, swirl, and allow to stand for 10 min. Dilute with water to volume. Stir by
mechanical means for 30 min.

Analysis:  Transfer 10.0 mL of the Sample solution to a 250-mL beaker. Add 10 mL of
ammonia–ammonium chloride buffer TS, 5 mL of triethanolamine, and 0.3 mL of eriochrome
black TS. Titrate with 0.05 M edetate disodium VS until the last hint of violet disappears
(blue endpoint). Each mL of 0.05 M edetate disodium is equivalent to 7.520 mg of
magnesium citrate (C12H10Mg3O14).

Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS

Change to read:
•  Content of Anhydrous Citric Acid

Mobile phase, Standard solution 1, Chromatographic system, and System suitability:

 Proceed as directed in Assay for Citric Acid/Citrate and Phosphate 345 .
Sample solution:  Transfer an accurately measured volume of the constituted Oral

solution, equivalent to 9 g of anhydrous citric acid, into a suitable volumetric flask
Transfer an appropriate volume of the constituted Oral solution into a suitable volumetric
flask,

and proceed as directed for the Sample solution in Assay for Citric Acid/Citrate and

Phosphate 345 , Assay Preparation for Citric Acid/Citrate Assay.
Analysis 

Samples:  Standard solution 1 and Sample solution

Proceed as directed for Assay for Citric Acid/Citrate and Phosphate 345 , Procedure. 
Calculate the percentage of anhydrous citric acid (C6H8O7) in relation to the labeled
amount of magnesium citrate in the volume of constituted Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak area of citrate from the Sample solution
rS= peak area of citrate from Standard solution 1
CS= concentration of citrate in Standard solution 1 (mg/mL)
CU= nominal concentration of magnesium citrate in the Sample solution (mg/mL)
Mr1= molecular weight of anhydrous citric acid, 192.12
Mr2= molecular weight of citrate (C6H5O7), 189.10
Acceptance criteria:  76.6%–107.8% of the labeled amount of magnesium citrate

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements
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IMPURITIES

•  Chloride and Sulfate, Chloride 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more chloride than

corresponds to 0.30 mL of 0.020 N hydrochloric acid (NMT 0.01%).

•  Chloride and Sulfate, Sulfate 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more sulfate than

corresponds to 0.30 mL of 0.020 N sulfuric acid (NMT 0.015%).
•  Tartaric Acid

Sample solution:  Constitute as directed in the labeling.
Analysis:  To 10 mL of Sample solution in a test tube, add 1 mL of glacial acetic acid and 3

mL of a solution of potassium acetate (1 in 2). Shake the mixture vigorously, then gently
rub the inner wall of the test tube with a glass rod for a few min, and allow to stand for 1
h.

Acceptance criteria:  No white, crystalline precipitate soluble in 6 N ammonium hydroxide is
formed.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : It
meets the requirements of the test for absence of Escherichia coli and Salmonella species.

Delete the following:
•  Other Requirements: Constitute Magnesium Carbonate and Citric Acid for Oral Solution as

directed in the labeling: it responds to the Identification tests under Magnesium Citrate
Oral Solution. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: The label contains directions for constitution of the powder and states the

equivalent amount of magnesium citrate (C12H10Mg3O14) in a given volume of the Oral
Solution obtained after constitution.

•  USP Reference Standards 11
USP Citric Acid RS 

BRIEFING

Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral Solution, USP 36 page
4177. It is proposed to expand the Identification tests from their original, brief cross-
reference to the Magnesium Citrate Oral Solution monograph to present complete detailed
procedures. The tests will be deleted from the Other requirements section and included in a
new Identification section as tests A and B. However, the wet chemistry Identification test
B for presence of citrate is being replaced with a retention time agreement from the test for
Content of Anhydrous Citric Acid, eliminating the use of mercuric sulfate. Additionally, the
preparation of the of the Sample solution in the Assay is modified to be based on an amount
of magnesium citrate rather than the amount of magnesium oxide to be consistent with the
Labeling and Definition sections.
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(SM3: M. Puderbaugh.)
Correspondence Number—C127306

Comment deadline: July 31, 2013
Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral Solution

DEFINITION

Magnesium Carbonate, Citric Acid, and Potassium Citrate for Oral Solution contains a dry
mixture of Magnesium Carbonate, Citric Acid, and Potassium Citrate that when constituted as
directed in the labeling yields a solution that contains NLT 90.0% and NMT 110.0% of the
labeled amount of magnesium citrate (C12H10Mg3O14).

IDENTIFICATION

Add the following:

•  A. Identification Tests—General, Magnesium 191
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  Meets the requirements

Change to read:
•  B.

Sample solution:  Constitute as directed in the labeling.
Analysis:  To 5 mL of Sample solution, add 1 mL of potassium permanganate TS and 5 mL

of mercuric sulfate TS, and heat the solution.
Acceptance criteria:  A white precipitate is formed.

The retention time of the citrate peak of the Sample solution corresponds to that of Standard
solution 1, as obtained in the test for Content of Anhydrous Citric Acid.

ASSAY

Change to read:
•  Procedure

Sample solution:  Transfer a volume of constituted Oral solution, equivalent to 0.5 g of
magnesium oxide
1.9 g of magnesium citrate

to a 100-mL volumetric flask and dilute with water to volume.
Analysis:  Transfer 10.0 mL of the Sample solution to a beaker. While stirring, add 10 mL of

ammonia–ammonium chloride buffer TS, 5 mL of triethanolamine, and 0.3 mL of eriochrome
black TS. Titrate with 0.05 M edetate disodium VS until the last hint of violet disappears
(blue endpoint). Each mL of 0.05 M edetate disodium is equivalent to 7.520 mg of
magnesium citrate (C12H10Mg3O14).

Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS
•  Content of Anhydrous Citric Acid

Mobile phase, Chromatographic system, and System suitability:  Proceed as directed

in Assay for Citric Acid/Citrate and Phosphate 345 .
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Standard solution:  0.02 mg/mL of anhydrous citric acid, from USP Citric Acid RS in a
freshly prepared 1 mM sodium hydroxide

Sample solution:  Transfer a volume of constituted Oral solution equivalent to 500 mg of
magnesium citrate, to a suitable volumetric flask, and dilute quantitatively, and stepwise if
necessary, with a freshly prepared 1 mM sodium hydroxide to obtain a solution having a
concentration of 0.02 mg/mL of magnesium citrate, based on the label claim. Pass through
a filter of 0.5-µm or finer pore size, and use the filtrate.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of anhydrous citric acid (C6H8O7) in relation to the labeled
amount of magnesium citrate in the volume of constituted Oral Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of citrate from the Sample solution
rS= peak area of citrate from the Standard solution
CS= concentration of citrate in the Standard solution (mg/mL)
CU= nominal concentration of magnesium citrate in the Sample solution (mg/mL)
Acceptance criteria:  126.1%–154.4% of the labeled amount of magnesium citrate

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

•  Chloride and Sulfate, Chloride 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more chloride than

corresponds to 0.30 mL of 0.020 N hydrochloric acid (NMT 0.01%).

•  Chloride and Sulfate, Sulfate 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more sulfate than

corresponds to 0.30 mL of 0.020 N sulfuric acid (NMT 0.015%).
•  Tartaric Acid

Sample solution:  Constitute as directed in the labeling.
Analysis:  To 10 mL of Sample solution in a test tube, add 1 mL of glacial acetic acid and 3

mL of a solution of potassium acetate (1 in 2). Shake the mixture vigorously, then gently
rub the inner wall of the test tube with a glass rod for a few min, and allow to stand for 1
h.

Acceptance criteria:  No white, crystalline precipitate soluble in 6 N ammonium hydroxide is
formed.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 1000 cfu/g, and the total combined molds
and yeasts count does not exceed 100 cfu/g. It meets the requirements of the test for
absence of Escherichia coli.
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•  pH 791
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  3.3–4.3

Delete the following:
•  Other Requirements: Constitute Magnesium Carbonate and Citric Acid for Oral Solution as

directed in the labeling: it responds to the Identification tests under Magnesium Citrate
Oral Solution. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, single-dose containers. Store at controlled room

temperature.
•  Labeling: The label specifies the directions for the constitution of the powder and states

the equivalent amount of magnesium citrate (C12H10Mg3O14).

•  USP Reference Standards 11
USP Citric Acid RS 

BRIEFING

Magnesium Citrate for Oral Solution, USP 36 page 4181. It is proposed to expand the
Identification tests from their original, brief cross-reference to the Magnesium Citrate Oral
Solution monograph to present complete detailed procedures. The tests will be deleted from
the Other requirements section and included in a new Identification section as tests A and
B. However, the wet chemistry Identification test B for presence of citrate is being replaced
with a retention time agreement from the test for Content of Anhydrous Citric Acid,
eliminating the use of mercuric sulfate. Additionally, the preparation of the Sample solution
in the test for Content of Anhydrous Citric Acid is simplified to provide the user flexibility in
the initial concentration prepared.

(SM3: M. Puderbaugh.)
Correspondence Number—C127306

Comment deadline: July 31, 2013
Magnesium Citrate for Oral Solution

DEFINITION

Magnesium Citrate for Oral Solution, when constituted as directed in the labeling, yields a
solution that contains NLT 90.0% and NMT 110.0% of the labeled amount of magnesium citrate
(C12H10Mg3O14).

IDENTIFICATION

Add the following:

•  A. Identification Tests—General, Magnesium 191
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  Meets the requirements

Change to read:
•  B.
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Sample solution:  Constitute as directed in the labeling.
Analysis:  To 5 mL of Sample solution, add 1 mL of potassium permanganate TS and 5 mL

of mercuric sulfate TS, and heat the solution.
Acceptance criteria:  A white precipitate is formed.

The retention time of the citrate peak of the Sample solution corresponds to that of Standard
solution 1, as obtained in the test for Content of Anhydrous Citric Acid.

ASSAY
•  Procedure

Sample solution:  Transfer a volume of constituted Oral Solution, equivalent to 18.7 g of
magnesium citrate (C12H10Mg3O14), to a 1000-mL volumetric flask. Add 200 mL of 1 N
hydrochloric acid, swirl, and allow to stand for 10 min. Dilute with water to volume. Stir by
mechanical means for about 30 min.

Analysis:  Transfer 10.0 mL of the Sample solution to a 250-mL beaker. Add 10 mL of
ammonia–ammonium chloride buffer TS, 5 mL of triethanolamine, and 0.3 mL of eriochrome
black TS. Titrate with 0.05 M edetate disodium VS until the last hint of violet disappears
(blue endpoint). Each mL of 0.05 M edetate disodium is equivalent to 7.520 mg of
magnesium citrate (C12H10Mg3O14).

Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS

Change to read:
•  Content of Anhydrous Citric Acid

Mobile phase, Standard solution 1, Chromatographic system, and System suitability:

 Proceed as directed in Assay for Citric Acid/Citrate and Phosphate 345 .
Sample solution:  Transfer an accurately measured volume of the constituted Oral

Solution, equivalent to about 9 g of anhydrous citric acid into a suitable volumetric flask,
Transfer an appropriate volume of the constituted Oral solution into a suitable volumetric
flask,

and proceed as directed for the Sample solution in Assay for Citric Acid/Citrate and

Phosphate 345 , Assay Preparation for Citric Acid/Citrate Assay.
Analysis 

Samples:  Standard solution 1 and Sample solution

Proceed as directed for Assay for Citric Acid/Citrate and Phosphate 345 , Procedure. 
Calculate the percentage of anhydrous citric acid ( C6H8O7) in relation to the labeled
amount of magnesium citrate in the volume of constituted Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak area of citrate from the Sample solution
rS= peak area of citrate from Standard solution 1
CS= concentration of citrate in Standard solution 1 (mg/mL)
CU= nominal concentration of magnesium citrate in the Sample solution (mg/mL)
Mr1= molecular weight of anhydrous citric acid, 192.12
Mr2= molecular weight of citrate (C6H5O7), 189.10
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Acceptance criteria:  76.6%–93.7% of the labeled amount of magnesium citrate

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

•  Chloride and Sulfate, Chloride 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more chloride than

corresponds to 0.30 mL of 0.020 N hydrochloric acid (NMT 0.01%).

•  Chloride and Sulfate, Sulfate 221
Sample solution:  Constitute as directed in the labeling.
Acceptance criteria:  A 2.0-mL portion of Sample solution shows no more sulfate than

corresponds to 0.30 mL of 0.020 N sulfuric acid (NMT 0.015%).
•  Tartaric Acid

Sample solution:  Constitute as directed in the labeling.
Analysis:  To 10 mL of Sample solution in a test tube, add 1 mL of glacial acetic acid and 3

mL of a solution of potassium acetate (1 in 2). Shake the mixture vigorously, then gently
rub the inner wall of the test tube with a glass rod for a few min, and allow to stand for 1
h.

Acceptance criteria:  No white, crystalline precipitate soluble in 6 N ammonium hydroxide is
formed.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : It
meets the requirements of the test for absence of Escherichia coli and Salmonella species.

Delete the following:
•  Other Requirements: Constitute Magnesium Citrate for Oral Solution as directed in the

labeling: it responds to the Identification tests under Magnesium Citrate Oral Solution. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: The label contains directions for constitution of the powder and states the

equivalent amount of magnesium citrate (C12H10Mg3O14) in a given volume of the Oral
Solution obtained after constitution.

•  USP Reference Standards 11
USP Citric Acid RS 

BRIEFING

Meradimate, USP 36 page 4247. On the basis of comments received, it is proposed to make
the following changes:

1. Revise the first chemical name in the chemical information section to correspond to that
in USAN.

2. The absorptivities under Identification test B are deleted. Identification test C, by
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retention time agreement based on the Assay, is added.
3. Delete the System suitability resolution requirement in the Assay because it is

ambiguous. Interested parties are encouraged to submit suggestions for the
resolution requirement to the Expert Committee for their consideration.

4. Revise the Acceptance criteria for any individual impurity in the test for Organic
Impurities according to the updated limit.

5. Use the volumetric solution (VS) for the Titrant in the test for Acidity.

(SM3: F. Mao.)
Correspondence Number—C123746; C125089

Comment deadline: July 31, 2013
Meradimate

Change to read:

C17H25NO2       275.39 

Menthyl-O-aminobenzoate
Cyclohexanol, 5-methyl-2-(1-methylethyl)-, 2-aminobenzoate;

     
Anthranilic acid, p-menth-3-yl ester     [134-09-8].

DEFINITION

Meradimate contains NLT 95.0% and NMT 105.0% of meradimate (C17H25NO2).

IDENTIFICATION

•  A. Infrared Absorption 197F

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  5 µg/mL in alcohol
Acceptance criteria:  Absorptivities, calculated on the as-is basis, differ NMT 3.0%.
Meets the requirements

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
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•  Procedure
Standard solution:  20.0 mg/mL of USP Meradimate RS in tert-butyl methyl ether
Sample solution:  20 mg/mL of Meradimate in tert-butyl methyl ether
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 25-m; coated with a 0.1-µm film of G1
Temperatures 

Injector:  240

Detector:  260
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final

Temperature
(min)

60 8 240 10
Carrier gas:  Helium
Flow rate:  6 mL/min
Injection type:  Split ratio, 30:1
[Note—The split ratio can be modified to optimize performance.]
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.0 between meradimate and any other peak

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of meradimate (C17H25NO2) in the portion of Meradimate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Meradimate RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

IMPURITIES

Change to read:
•  Organic Impurities

Standard solution, Sample solution, Chromatographic system, and System
suitability:  Proceed as directed in the Assay.
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Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Meradimate taken:

Result = (rU/rT) × 100

rU= peak response of each impurity
rT= sum of all the peak responses
Acceptance criteria 

Any individual impurity:  NMT 0.1%
0.5%

Total impurities:  NMT 2.0%

SPECIFIC TESTS

Change to read:
•  Acidity

Sample:  5.0 mL of Meradimate
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 N sodium hydroxide
VS

Endpoint detection:  Visual
Analysis:   Transfer 50 mL of alcohol to a suitable container, add 1 mL of phenolphthalein

TS, and add sufficient volume of Titrant to obtain a persistent pink color. Transfer 50 mL
of this solution to a suitable container, add the Sample, and titrate with Titrant.

Acceptance criteria:  NMT 0.2 mL of Titrant per mL of Meradimate is necessary.

•  Optical Rotation, Specific Rotation 781S : 4  to +4
Sample solution:  10 mg/mL in alcohol

•  Refractive Index 831 : 1.540–1.544 at 20

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Meradimate RS 

BRIEFING

Methsuximide, USP 36 page 4307. It is proposed to revise the monograph with the following
changes:

1. Replace Identification test B, Ultraviolet Absorption 197U , with the retention time
agreement for the methsuximide peak in the Assay.

2. Delete the test for Melting Range or Temperature because the monograph contains a
specific infrared Identification test and also includes a selective HPLC procedure used
in the test for Organic Impurities.

3. Delete the test for Limit for Cyanide as this test does not add any value to ensure the
quality of the drug substance.
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4. Revise the monograph format to reflect current USP style.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C127660

Comment deadline: July 31, 2013
Methsuximide

C12H13NO2       203.24 

2,5-Pyrrolidinedione,1,3-dimethyl-3-phenyl-, (±)-;     
(±)-N,2-Dimethyl-2-phenylsuccinimide     [77-41-8].

DEFINITION

Methsuximide contains NLT 97.0% and NMT 103.0% of methsuximide (C12H13NO2), calculated
on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  350 µg/mL in alcohol

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile and water (9:11)
Standard solution:  0.6 mg/mL of USP Methsuximide RS in Mobile phase
Sample solution:  0.6 mg/mL of Methsuximide in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm;
10-µm

packing L1
Flow rate:  1 mL/min
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Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5800 theoretical plates
Tailing factor:  NMT 1.3
Relative standard deviation:  NMT 0.6%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of methsuximide (C12H13NO2) in the portion of Methsuximide
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Methsuximide RS in the Standard solution (mg/mL)
CU= concentration of Methsuximide in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%
•  Organic Impurities

Mobile phase and Chromatographic system:  Proceed as directed in the Assay.
System suitability solution:  0.6 mg/mL of Methsuximide in Mobile phase
Standard solution:  0.006 mg/mL of USP Methsuximide RS in Mobile phase
Sample solution:  6.0 mg/mL of Methsuximide in Mobile phase
System suitability 

Sample:  System suitability solution
Suitability requirements 

Column efficiency:  NTL 5800 theoretical plates
Tailing factor:  NMT 1.3
Relative standard deviation:  NMT 0.6%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of each impurity in the portion of Methsuximide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for each impurity from the Sample solution
rS= peak response for methsuximide from the Standard solution
CS= concentration of USP Methsuximide RS in the Standard solution (mg/mL)
CU= concentration of Methsuximide in the Sample solution (mg/mL)

Acceptance criteria 
Any individual impurity:  NMT 0.1%
Total impurities:  NMT 2.0%

SPECIFIC TESTS
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Delete the following:

•  Melting Range or Temperature , Class I 741  50 –56 , except that the sample
specimen is inserted into the bath at about room temperature 

•  Loss on Drying 731
Analysis:  Dry a sample over phosphorus pentoxide for 16 h.
Acceptance criteria:  NMT 0.5%

Delete the following:
•  Limit of Cyanide

Sample solution: 1.0 g in 10 mL of alcohol
Analysis: Add 3 drops of ferrous sulfate TS, 1 mL of 1 N sodium hydroxide, and a few drops

of ferric chloride TS. Warm gently, and finally acidify with 2 N sulfuric acid.
Acceptance criteria: No blue precipitate or blue color develops within 15 min.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Methsuximide RS 

BRIEFING

Methysergide Maleate Tablets, USP 36 page 4337. It is proposed to revise the monograph
with the following changes:

1. Replace Identification test A with HPLC peak retention time agreement as obtained in
the Assay.

2. Delete the Column efficiency requirement in the Assay. Resolution is already required in
the Assay.

3. Add the calculation for the test for Dissolution.
4. Add a storage requirement in the Packaging and Storage section.
5. Include monograph format changes to reflect the current USP style guide.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C127664

Comment deadline: July 31, 2013
Methysergide Maleate Tablets

DEFINITION

Methysergide Maleate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
methysergide maleate (C21H27N3O2·C4H4O4).

IDENTIFICATION

Change to read:
•  A.

Sample solution:  Transfer an amount equivalent to 10 mg of methysergide maleate of
finely powdered Tablets. Add 50 mL of tartaric acid solution (1 in 100) and 4 drops of
benzalkonium chloride solution (1 in 10), and shake vigorously by mechanical means for
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30 min. Filter.
Analysis:  To 5 mL of the filtrate add 10 mL of p-dimethylaminobenzaldehyde TS.
Acceptance criteria:  A violet-blue color develops.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure 

Conduct this procedure with a minimum exposure to light.
Mobile phase:  Dissolve 6.8 g of monobasic potassium phosphate in 700 mL of water, add

300 mL of acetonitrile, and mix.
Diluent:  Methanol and 10 g/L of tartaric acid (50:50)
Standard solution:  0.1 mg/mL of USP Methysergide Maleate RS in Diluent

[Note—Sonication may be used.]
Sample solution:  Nominally 0.1 mg/mL of methysergide maleate prepared as follows.

Transfer a portion of NLT 20 finely powdered Tablets equivalent to NLT 10 mg of
methysergide maleate to a suitable volumetric flask. Add 75% of the flask volume with
Diluent. Shake by mechanical means for 60 min. Dilute with Diluent to volume. Filter, and
discard the first 20 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 318 nm
Column:  4.6-mm × 15-cm;
5-µm

packing L7
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.0 between the analyte and the closest adjacent peak
Column efficiency:  NLT 1000 theoretical plates

Tailing factor:  NMT 2.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methysergide maleate (C21H27N3O2·C4H4O4) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Methysergide Maleate RS in the Standard solution (mg/mL)
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CU= nominal concentration of methysergide maleate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  Tartaric acid solution (1 in 200); 900 mL
Apparatus 2:  100 rpm
Time:  30 min
Standard solution:  0.002 mg/mL of USP Methysergide Maleate RS in Medium
Sample solution:  Portions of the solution under test suitably diluted with Medium
Instrumental conditions 

Mode:  Fluorescence
Excitation wavelength:  327 nm
Emission wavelength:  428 nm
Blank:  Tartaric acid solution (1 in 200)

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of methysergide maleate
(C21H27N3O2·C4H4O4) dissolved:

Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance from the Sample solution
AS= absorbance from the Standard solution
CS= concentration of USP Methysergide Maleate RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of methysergide maleate (mg/Tablet)

Tolerances:  NLT 70% (Q) of the labeled amount of methysergide maleate
(C21H27N3O2·C4H4O4) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.

Store below 30 .

•  USP Reference Standards 11
USP Methysergide Maleate RS 

BRIEFING

Metoclopramide Injection, USP 36 page 4338. As part of USP monograph modernization
efforts, the following revisions are proposed:

1. A new HPLC procedure in the test for Organic Impurities, adapted from the
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1. A new HPLC procedure in the test for Organic Impurities, adapted from the
Metoclopramide Injection monograph in the British Pharmacopoeia, is added to the
monograph. This procedure is based on analyses performed with the Spherisorb ODS
brand of L1 column. The typical retention time of the metoclopramide peak is about 5
min.

As an interim proposal, the Acceptance criteria (NMT 0.5% of any impurity) are adopted
from the British Pharmacopoeia monograph. Stakeholders are encouraged to submit
FDA-approved acceptance criteria, along with the list of specified degradation
products, for the Expert Committee's consideration.

2. In the Identification section, the wet chemistry-based Identification test B is replaced
with a UV spectroscopy-based procedure.

3. Storage requirements are added to the Packaging and Storage section.

To update the monograph to current USP style, references to “anhydrous basis” related to USP
Metoclopramide Hydrochloride RS in the Standard solution in the Assay are deleted, because
the correction for water content is already addressed in the Reference Standard label. The
word “anhydrous” is also deleted from the reference to equivalent concentration of the base
in the Standard solution in the Assay. In addition, minor editorial changes have been made
throughout the monograph.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C116569

Comment deadline: July 31, 2013
Metoclopramide Injection

DEFINITION

Metoclopramide Injection is a sterile solution of Metoclopramide Hydrochloride in Water for
Injection. It contains the equivalent of NLT 90.0% and NMT 110.0% of the labeled amount of
metoclopramide (C14H22ClN3O2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Delete the following:
•  B. Procedure

Sample solution: Mix a volume of injection equivalent to 50 mg of metoclopramide from
Injection with 5 mL of water.

Analysis: To the Sample solution, add 5 mL of a solution of p-dimethylaminobenzaldehyde
in 1 N hydrochloric acid (1 in 100).

Acceptance criteria: A yellow-orange color is produced.

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
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Change to read:
•  Procedure

Mobile phase:  Dissolve 2.7g of sodium acetate in 500 mL of water. Add 500 mL of
acetonitrile and 2 mL of tetramethylammonium hydroxide solution in methanol (1 in 5), and
mix. Adjust with glacial acetic acid to a pH of 6.5, filter, and degas.

System suitability stock solution:  Transfer 12.5 mg of benzenesulfonamide to a 25-mL
volumetric flask. Add 15 mL of methanol, and shake to dissolve. Dilute with 0.01 M
phosphoric acid to volume.

Standard stock solution:  0.9 mg/mL of USP Metoclopramide Hydrochloride RS , on the
anhydrous basis,

in 0.01 M phosphoric acid
System suitability solution:  Transfer 5 mL of System suitability stock solution and 5 mL

of Standard stock solution into a 100-mL volumetric flask, and dilute with 0.01 M
phosphoric acid to volume.

Standard solution:  45 µg/mL of USP Metoclopramide Hydrochloride RS , on the anhydrous
basis

(equivalent to 40 µg/mL of anhydrous

metoclopramide) from Standard stock solution. Dilute with 0.01 M phosphoric acid.
Sample solution:  Nominally 40 µg/mL of metoclopramide, prepared as follows. Transfer a

volume of Injection, equivalent to about 40 mg of metoclopramide, to a 100-mL volumetric
flask, and dilute with 0.01 M phosphoric acid to volume. Transfer 10.0 mL of this solution
to a 100-mL volumetric flask, and dilute with 0.01 M phosphoric acid to volume.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 
[Note—The relative retention times for benzenesulfonamide and metoclopramide are 0.7

and 1.0, respectively.]
Resolution:  NLT 1.5 between the benzenesulfonamide and metoclopramide peaks,

System suitability solution
Tailing factor:  NMT 2.0 for the metoclopramide peak, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of metoclopramide (C14H22ClN3O2) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution , on

the anhydrous basis

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  90.0%–110.0%

IMPURITIES

Add the following:
•  Organic Impurities

Mobile phase:  Prepare a 1.88 g/L solution of sodium 1-hexanesulfonate solution (0.01 M
solution) in a mixture of acetonitrile and water (60:40), and adjust with glacial acetic acid
to a pH of 4.0.

Standard solution:  5.5 µg/mL of USP Metoclopramide Hydrochloride RS in Mobile phase
Sample solution:  Dilute a volume of Injection with Mobile phase to obtain a solution

containing about 1.0 mg/mL of metoclopramide.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.8
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of metoclopramide from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  NMT 0.5% of any individual impurity is found.
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SPECIFIC TESTS

•  pH 791 : 2.5–6.5

•  Bacterial Endotoxins Test 85 : NMT 2.5 USP Endotoxin Units/mg of metoclopramide

•  Particulate Matter in Injections 788 : It meets the requirements for small-volume
injections.

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of

Type I glass, protected from light. [Note—Injection containing an antioxidant agent does
not require protection from light.]

Store at controlled room temperature.

•  USP Reference Standards 11
USP Endotoxin RS
USP Metoclopramide Hydrochloride RS 

BRIEFING

Metoclopramide Oral Solution, USP 36 page 4339. As part of USP monograph modernization
efforts, the following revisions are proposed:

1. A new HPLC procedure in the test for Organic Impurities, adapted from the
Metoclopramide Oral Solution monograph in the British Pharmacopoeia, is added to
the monograph. This procedure is based on analyses performed with the Spherisorb
ODS brand of L1 column. The typical retention time of the metoclopramide peak is
about 5 min.

As an interim proposal, the Acceptance criteria (NMT 0.5% of any impurity) are adopted
from the British Pharmacopoeia monograph. Stakeholders are encouraged to submit
FDA-approved acceptance criteria, along with the list of specified degradation
products, for the Expert Committee's consideration.

2. The Identification section is strengthened by addition of a UV spectroscopy-based
Identification test B.

To update the monograph to current USP style, references to “anhydrous basis” related to the
USP Metoclopramide Hydrochloride RS in the Standard solution in the Assay are deleted,
because the correction for water content is already addressed in the Reference Standard
label. The word “anhydrous” is also deleted from the reference to equivalent concentration
of the base in the Standard solution in the Assay. In addition, minor editorial changes have
been made throughout the monograph.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C116570

Comment deadline: July 31, 2013
Metoclopramide Oral Solution
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DEFINITION

Metoclopramide Oral Solution contains an amount of metoclopramide hydrochloride
(C14H22ClN3O2·HCl·H2O) equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of
metoclopramide (C14H22ClN3O2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Dissolve 2.7 g of sodium acetate in 600 mL of water, and add 400 mL of
acetonitrile and 4 mL of tetramethylammonium hydroxide solution in methanol (25%).
Adjust with glacial acetic acid to a pH of 6.5, filter, and degas.

System suitability stock solution:  Transfer 125 mg of benzenesulfonamide to a 25-mL
volumetric flask. Add 15 mL of methanol, and shake to dissolve. Dilute with 0.01 M
phosphoric acid to volume.

Standard stock solution:  9 mg/mL of USP Metoclopramide Hydrochloride RS , on the
anhydrous basis,

in 0.01 M phosphoric acid
System suitability solution:  Transfer 15 mL of System suitability stock solution and 5 mL

of Standard stock solution into a 250-mL volumetric flask, and dilute with 0.01 M
phosphoric acid to volume.

Standard solution:  180 µg/mL of USP Metoclopramide Hydrochloride RS , on the anhydrous
basis

(equivalent to 160 µg/mL of anhydrous

metoclopramide) from Standard stock solution. Dilute with 0.01 M phosphoric acid.
Sample solution:  Nominally 160 µg/mL of metoclopramide, prepared as follows. Transfer a

volume of Oral Solution, equivalent to about 4 mg of metoclopramide, to a 25-mL
volumetric flask, and dilute with 0.01 M phosphoric acid to volume.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
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Suitability requirements 
[Note—The relative retention times for benzenesulfonamide and metoclopramide are 0.2

and 1.0, respectively.]
Resolution:  NLT 1.5 between the benzenesulfonamide and metoclopramide peaks,

System suitability solution
Tailing factor:  NMT 2.0 for the metoclopramide peak, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of metoclopramide (C14H22ClN3O2) in the
portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration from USP Metoclopramide Hydrochloride RS in the Standard solution, on

the anhydrous basis

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905
For Oral Solution packaged in single-unit containers:  Meets the requirements

•  Deliverable Volume 698
For Oral Solution packaged in multiple-unit containers:  Meets the requirements

IMPURITIES

Add the following:
•  Organic impurities

Mobile phase:  Prepare a 1.88 g/L solution of sodium 1-hexanesulfonate solution (0.01 M
solution) in a mixture of acetonitrile and water (60:40), and adjust with glacial acetic acid
to a pH of 4.0.

Standard solution:  5.5 µg/mL of USP Metoclopramide Hydrochloride RS in Mobile phase
Sample solution:  Dilute a volume of Oral Solution with Mobile phase to obtain a solution

containing about 1.0 mg/mL of metoclopramide.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
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Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.8
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of metoclopramide from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  NMT 0.5% of any individual impurity is found. 

Disregard any peak with a relative retention time of 0.5 or less.

SPECIFIC TESTS

•  pH 791 : 2.0–5.5

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature. Protect from freezing.

•  USP Reference Standards 11
USP Metoclopramide Hydrochloride RS 

BRIEFING

Metoclopramide Tablets, USP 36 page 4339. As part of USP monograph modernization efforts,
the following revisions are proposed:

1. A new HPLC procedure in the test for Organic Impurities, adapted from the
Metoclopramide Tablets monograph in the British Pharmacopoeia, is added to the
monograph. This procedure is based on analyses performed with the Spherisorb ODS
brand of L1 column. The typical retention time of the metoclopramide peak is about 5
min.

As an interim proposal, the Acceptance criteria (NMT 0.5% of any impurity) are adopted
from the British Pharmacopoeia monograph. Stakeholders are encouraged to submit
FDA-approved acceptance criteria, along with the list of specified degradation
products, for the Expert Committee's consideration.

2. In the Identification section, the wet chemistry-based Identification test B is replaced
with a UV spectroscopy-based procedure.
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3. Storage requirements are added to the Packaging and Storage section.

To update the monograph to current USP style, references to “anhydrous basis” related to the
USP Metoclopramide Hydrochloride RS in the Standard solution in the Assay are deleted,
because the correction for water content is already addressed in the Reference Standard
label. The word “anhydrous”is also deleted from the reference to equivalent concentration of
the base in the Standard solution in the Assay. In addition, minor editorial changes have
been made throughout the monograph.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C116571

Comment deadline: July 31, 2013
Metoclopramide Tablets

DEFINITION

Metoclopramide Tablets contain an amount of metoclopramide hydrochloride
(C14H22ClN3O2·HCl·H2O) equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of
metoclopramide (C14H22ClN3O2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Delete the following:
•  B. Procedure

Sample solution: Transfer an amount of finely powdered Tablets equivalent to 50 mg of
metoclopramide to a suitable flask. Add 5 mL of water, shake by mechanical means, and
filter.

Analysis: To the Sample solution, add 5 mL of a solution of p-dimethylaminobenzaldehyde
in 1 N hydrochloric acid (1 in 100).

Acceptance criteria: A yellow-orange color is produced.

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Dissolve 2.7 g of sodium acetate in 500 mL of water. Add 500 mL of
acetonitrile and 2 mL of tetramethylammonium hydroxide solution in methanol (1 in 5), and
mix. Adjust with glacial acetic acid to a pH of 6.5, filter, and degas.

System suitability stock solution:  Transfer 12.5 mg of benzenesulfonamide to a 25-mL
volumetric flask. Add 15 mL of methanol, and shake to dissolve. Dilute with 0.01 M
phosphoric acid to volume.

Standard stock solution:  0.9 mg/mL of USP Metoclopramide Hydrochloride RS , on the
anhydrous basis,
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in 0.01 M phosphoric acid
System suitability solution:  Transfer 5 mL of System suitability stock solution and 5 mL

of Standard stock solution into a 100-mL volumetric flask, and dilute with 0.01 M
phosphoric acid to volume.

Standard solution:  45 µg/mL of USP Metoclopramide Hydrochloride RS on the anhydrous
basis

(equivalent to 40 µg/mL of anhydrous

metoclopramide) from Standard stock solution diluted with 0.01 M phosphoric acid
Sample solution:  Nominally 40 µg/mL of metoclopramide, prepared as follows. Weigh and

finely powder NLT 20 Tablets. Transfer an accurately weighed portion of the powder,
equivalent to about 40 mg of metoclopramide, to a 100-mL volumetric flask, add about 70
mL of 0.01 M phosphoric acid, and sonicate for 5 min. Cool to room temperature, dilute
with 0.01 M phosphoric acid to volume, and mix. Pass the solution through a filter of 0.45-
µm pore size, discarding the first portion of the filtrate. Transfer 10.0 mL of this solution
to a 100-mL volumetric flask, and dilute with 0.01 M phosphoric acid to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6 mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 
[Note—The relative retention times for benzenesulfonamide and metoclopramide are 0.7

and 1.0, respectively.]
Resolution:  NLT 1.5 between the benzenesulfonamide and metoclopramide peaks,

System suitability solution
Tailing factor:  NMT 2.0 for the metoclopramide peak, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of metoclopramide (C14H22ClN3O2) in
the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution, on

the anhydrous basis

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
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Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 1:  50 rpm
Time:  30 min
Standard solution:  USP Metoclopramide Hydrochloride RS at a known concentration in

Medium
Sample solution:  Filtered portion of the solution under test, suitably diluted with Medium
Instrumental conditions 

Mode:  UV-Vis
Analytical wavelength:  Wavelength of maximum absorbance at about 309 nm

Tolerances:  NLT 75% (Q) of the labeled amount of metoclopramide (C14H22ClN3O2) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic impurities

Mobile phase:  Prepare a 1.88 g/L solution of sodium 1-hexanesulfonate solution (0.01 M
solution) in a mixture of acetonitrile and water (60:40), and adjust with glacial acetic acid
to a pH of 4.0.

Standard solution:  5.5 µg/mL of USP Metoclopramide Hydrochloride RS in Mobile phase
Sample solution:  Shake a quantity of the powdered Tablets containing the equivalent of

100 mg of metoclopramide with 20 mL of methanol for 5 min, and pass through a suitable
filter, discarding the first few mL of the filtrate. Dilute a portion of the filtrate with Mobile
phase to obtain a solution containing about 1.0 mg/mL of metoclopramide.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 265 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.8
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of metoclopramide from the Standard solution
CS= concentration of USP Metoclopramide Hydrochloride RS in the Standard solution

(µg/mL)
CU= nominal concentration of metoclopramide in the Sample solution (µg/mL)
Mr1= molecular weight of metoclopramide, 299.80
Mr2= molecular weight of anhydrous metoclopramide hydrochloride, 336.26
Acceptance criteria:  NMT 0.5% of any individual impurity is found.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Metoclopramide Hydrochloride RS 

BRIEFING

Naftifine Hydrochloride, USP 36 page 4436. As part of USP monograph improvement efforts,
the following revisions are proposed.

1. Add an Identification test based on retention time match, as obtained in the Assay, to
strengthen the monograph.

2. Revise the alcohol in the Mobile phase used in the Assay and test for Organic Impurities
to absolute alcohol.

3. Delete the test for Melting Range or Temperature. The proposed selective HPLC test
for Organic Impurities is sufficient to monitor impurities.

(SM1: L. Santos.)
Correspondence Number—C128447

Comment deadline: July 31, 2013
Naftifine Hydrochloride

C21H21N·HCl       323.86 

1-Naphthalenemethanamine, N-methyl-N-(3-phenyl-2-propenyl)-, hydrochloride, (E)-;     
(E)-N-Cinnamyl-N-methyl-1-naphthalenemethylamine hydrochloride     [65473-14-5].

DEFINITION

Naftifine Hydrochloride contains NLT 99.0% and NMT 101.0% of naftifine hydrochloride
(C21H21N·HCl), calculated on the dried basis.

IDENTIFICATION
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•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  n-Hexane, alcohol
absolute alcohol,

dimethylformamide, and formic acid (200:60:40:2). Cover tightly with a moisture-proof film,
and allow to stand for 12 h at room temperature.

Standard solution:  0.2 mg/mL of USP Naftifine Hydrochloride RS in Mobile phase
Sample solution:  0.2 mg/mL of Naftifine Hydrochloride in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 25-cm; 5-µm packing L3
Flow rate:  2 mL/min
Injection volume:  15 µL

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of naftifine hydrochloride (C21H21N·HCl) in the portion of
Naftifine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Naftifine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  99.0%–101.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : 10 ppm
•  Organic Impurities

Mobile phase, Standard solution, Sample solution, and Chromatographic system:
 Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Naftifine Hydrochloride taken:

Result = (rU/rT) × 100
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Result = (rU/rT) × 100

rU= peak response for each impurity
rT= sum of all the peak responses
Acceptance criteria 

Individual impurity:  NMT 0.1%
Total impurities:  NMT 1.0%

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : between 175  and 179  

•  Loss on Drying 731

Analysis:  Dry over phosphorus pentoxide at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Naftifine Hydrochloride RS 

BRIEFING

Olanzapine Orally Disintegrating Tablets. Because there is no existing USP monograph for
this drug product, a new monograph based on validated methods of analysis is proposed.

1. The liquid chromatographic procedure in the Assay is based on analyses performed with
the Zorbax RX C8 brand of L7 column. The typical retention time for olanzapine is
about 9 min.

2. The liquid chromatographic procedure in the Dissolution test is based on analyses
performed with the Inertsil ODS-3 brand of L1 column. The typical retention time for
olanzapine is about 3 min.

3. The liquid chromatographic procedure for the Organic Impurities test is based on
analyses performed with the Zorbax RX C8 brand of L7 column. The typical retention
time for olanzapine is about 12 min.

(SM4: R. Ravichandran.)
Correspondence Number—C116073; C117006

Comment deadline: July 31, 2013

Add the following:
Olanzapine Orally Disintegrating Tablets

DEFINITION

Olanzapine Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of olanzapine (C17H20N4S).

IDENTIFICATION
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•  A. Infrared Absorption 197K
Standard:  Add 25 mg of USP Olanzapine RS to a suitable container containing 10 mL of

water. Centrifuge for 5 min, and discard the supernatant. Dry the olanzapine under

vacuum for 1 h at 60 .
Sample:  Place 1 Tablet in 10 mL of water in a centrifuge tube. Centrifuge for 5 min. Wash

the precipitate with 5 mL of water, and centrifuge for 5 min. Discard the water, and

repeat the process a third time. Dry the olanzapine under vacuum for 1 h at 60 .
Acceptance criteria:  Meet the requirements

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  Acetonitrile and water (20:80). Add 2 mL of perchloric acid to each L of the
mixture.

Solution B:  Acetonitrile and water (60:40). Add 2 mL of perchloric acid to each L of the
mixture.

Diluent:  Acetonitrile and water (35:65)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 87 13
10 87 13
20 0 100
26 0 100

26.1 87 13
36 87 13

System suitability solution:  0.1 mg/mL of USP Olanzapine RS and 10 µg/mL of USP
Olanzapine Related Compound C RS in Diluent

Standard solution:  0.1 mg/mL of USP Olanzapine RS in Diluent
Sample stock solution:  0.5–0.6 mg/mL of olanzapine from NLT 10 Tablets, prepared as

follows. Transfer the Tablets to a suitable volumetric flask. Add Diluent to fill about 80%
of the flask volume. Shake mechanically for 10 min, and dilute with Diluent to volume.

Sample solution:  Nominally, 0.1–0.12 mg/mL of olanzapine from the Sample stock solution
in Diluent

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
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Suitability requirements 
Resolution:  NLT 2.0 between the olanzapine and olanzapine related compound C peaks,

System suitability solution
Tailing factor:  NMT 2.0 for the olanzapine peak, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of olanzapine (C17H20N4S) in the portion
of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of olanzapine from the Sample solution
rS= peak response of olanzapine from the Standard solution
CS= concentration of USP Olanzapine RS in the Standard solution (mg/mL)
CU= nominal concentration of olanzapine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Disintegration 701
Test 1:  NMT 10 s for each of 6 units
Test 2:  If the product complies with this test, the labeling indicates that the product meets

USP Disintegration Test 2
Acceptance criteria:  NMT 30 s

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  10 min
Standard solution:  (L/900) mg/mL of USP Olanzapine RS in Medium
Sample solution:  A portion of the solution under test may be either centrifuged or filtered

through a suitable membrane filter of 0.45-µm pore size, discarding the first few mL. The
filtrate or centrifugate may be suitably diluted.

Determine the amount of olanzapine (C17H20N4S) dissolved by using either the
Spectrometric procedure or Chromatographic procedure described below:

Spectrometric procedure 
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  344 nm

Analysis:  
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of olanzapine (C17H20N4S) dissolved:

Result = (AU/AS) × CS × V × (1/L) × 100
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AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Olanzapine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)

Chromatographic procedure  
Buffer:  6.8 g/L of sodium acetate trihydrate in water. Adjust with glacial acteic acid to a

pH of 5.0.
Mobile phase:  Acetonitrile and Buffer (25:75)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 5-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of olanzapine (C17H20N4S) dissolved:

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response of olanzapine from the Sample solution
rS= peak response of olanzapine from the Standard solution
CS= concentration of USP Olanzapine RS (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of olanzapine (C17H20N4S) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Solution A:  Acetonitrile and water (20:80). Add 2 mL of perchloric acid to each L of the
mixture.

Solution B:  Acetonitrile and water (60:40). Add 2 mL of perchloric acid to each L of the
mixture.

Diluent:  Acetonitrile and water (35:65)
Mobile phase:  See Table 2.

Table 2
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Time
(min)

Solution A
(%)

Solution B
(%)

0 93 7
13 93 7
28 0 100
33 0 100

33.1 93 7
44 93 7

System suitability solution:  0.1 mg/mL of USP Olanzapine RS and 7 µg/mL of USP
Olanzapine Related Compound C RS in Diluent

Standard solution:  1.5 µg/mL of USP Olanzapine RS in Solution A
Sensitivity solution:  0.15 µg/mL of USP Olanzapine RS from the Standard solution in

Diluent
Sample solution:  Nominally, 0.3 mg/mL of olanzapine from NLT 10 Tablets, prepared as

follows. Transfer the Tablets to a suitable volumetric flask. Add Diluent to fill about 80%
of the flask volume. Shake mechanically for 25 min, and dilute with Diluent to volume.

Dilute a portion of this solution with water to volume. Store the solution at 4 . Use within
7 h.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Sample temperature:  4
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.0 between the olanzapine and olanzapine related compound C peaks,
System suitability solution

Tailing factor:  NMT 2.0 for the olanzapine peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each individual specified impurity and any individual
unspecified degradation product in the portion of Tablets taken:

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

rU= peak response of each individual specified impurity from the Sample solution
rS= peak response of olanzapine from the Standard solution
CS= concentration of olanzapine in the Standard solution (mg/mL)
CU= nominal concentration of olanzapine in the Sample solution (mg/mL)
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F= relative response factor (see Table 3)
Acceptance criteria:  See Table 3. [Note—Disregard any peak less than 0.05%.]

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Olanzapine lactama 0.48 1.9 0.50

Olanzapine thiolactamb 0.75 1.0 0.50

Olanzapine 1.0 — —
Olanzapine related compound C 1.2 0.79 0.50
Olanzapine related compound Bc 2.1 1.9 0.50

Any individual unspecified degradation
product

— 1.0 0.20

Total impurities — — 1.5

a  (Z)-4-(4-Methylpiperazin-1-yl)-3-(2-oxopropylidene)-1H-benzo[b][1,4]diazepin-2(3H)-
one.

b  (Z)-1-{4-(4-Methylpiperazin-1-yl)-2-thioxo-1H-benzo[b][1,4]diazepin-3(2H)-
ylidene}propan-2-one.

c  2-Methyl-5,10-dihydro-4H-benzo[b]thieno[2,3-e][1,4]diazepin-4-one.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers. Store at controlled room

temperature.
•  Labeling: When more than one Disintegration test is given, the labeling states the

Disintegration test used only if Test 1 is not used. When more than one Dissolution test is
given, the labeling states the Dissolution test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Olanzapine RS 
USP Olanzapine Related Compound C RS 

2-Methyl-4-(4-methylpiperazin-1-yl)-10H-benzo[b]thieno[2,3-e][1,4]diazepine 4'-N-
oxide.     
C17H20N4OS      328.43

BRIEFING

Oxytocin Nasal Solution, USP 36 page 4664. The Biologics and Biotechnology Monographs 1
Expert Committee recommends omission of this old monograph because there are no longer
human or veterinary therapeutic oxytocin nasal solution products manufactured and approved
for use in the United States.

(BIO1: M. Kibbey.)    Correspondence Number—C128026

Comment deadline: July 31, 2013

Delete the following:

Oxytocin Nasal Solution
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» Oxytocin Nasal Solution is a solution of Oxytocin in a suitable diluent. It
contains suitable preservatives, and is packaged in a form suitable for nasal
administration. Each mL of Oxytocin Nasal Solution possesses an oxytocic
activity of not less than 85.0 percent and not more than 120.0 percent of
that stated on the label in USP Oxytocin Units.

Packaging and storage—Preserve in containers suitable for administering the contents by
spraying into the nasal cavities with the patient in the upright position, or for instillation in drop
form.

Labeling—Label it to indicate that it is for intranasal administration only. Label it to state the
origin (animal or synthetic), and the animal source of the product if of animal origin.

USP Reference standards 11 —
USP Oxytocin RS
USP Vasopressin RS

pH 791 : between 3.7 and 4.3.

Vasopressor activity (for product labeled of animal origin)—Proceed as directed in the Assay
under Vasopressin, except to use a Standard solution of USP Vasopressin RS containing 0.1 USP
Vasopressin Unit per mL and to use a test solution prepared by diluting a volume of Nasal
Solution to a concentration of 10 USP Oxytocin Units per mL. The vasopressic activity of the
test solution is not more than 0.1 USP Oxytocin Unit per mL.

Assay—

Mobile phase A, Mobile phase B, Diluent, Standard preparation, and Chromatographic system—
Proceed as directed in the Assay under Oxytocin.

Assay preparation— Quantitatively dilute an accurately measured volume of Nasal Solution in
Diluent to obtain a solution containing about 10 USP Oxytocin Units per mL.

Procedure— Separately inject three equal volumes (about 100 µL) of the Assay preparation and
the Standard preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the potency, in USP Oxytocin Units per mL, in the
portion of Nasal Solution taken by the formula:

C(rU / rS)

in which C is the concentration, in USP Oxytocin Units per mL, of USP Oxytocin RS in the
Standard preparation; and rU and rS are the mean peak responses obtained for oxytocin from
the Assay preparation and the Standard preparation, respectively.

BRIEFING

Piperacillin, USP 36 page 4808. The trivial and chemical names of the related compounds are
revised per current USP style and to ensure consistency among the monographs of the
piperacillin family. Where relevant, the impurity labels are aligned with those in the European
Pharmacopoeia. Column dimensions in the Assay and the test for Piperacillinylampicillin are
revised to include the particle size; this information is based on the column used during
method validation.
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(SM1: A. Wise.)
Correspondence Number—C126555

Comment deadline: July 31, 2013
Piperacillin

C23H27N5O7S·H2O       535.57 
C23H27N5O7S       517.56 

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[[[(4-ethyl-2,3-dioxo-1-
piperazinyl)carbonyl]amino]phenylacetyl]amino]-3,3-dimethyl-7-oxo-, monohydrate, [2S-2 ,5

,6 (S*)]];     
(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxo-1-piperazinecarboxamido)-2-phenylacetamido]-3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid monohydrate     [66258-
76-2].
Anhydrous     [61477-96-1].

DEFINITION

Piperacillin contains NLT 960 µg/mg and NMT 1030 µg/mg of piperacillin (C23H27N5O7S),
calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, water, 0.2 M monobasic sodium phosphate, and 0.4 M
tetrabutylammonium hydroxide (450:447:100:3). Adjust with phosphoric acid to a pH of
5.50 ± 0.02.

System suitability solution:  0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP
Piperacillin RS in Mobile phase

Standard solution:  0.4 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Sample solution:  0.4 mg/mL of Piperacillin in Mobile phase. Dissolve in a few drops of
methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm;
5-µm 1S (USP37)
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packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor:  NMT 1.2 for the piperacillin peak, System suitability solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the potency of piperacillin (C23H27N5O7S) in the portion of Piperacillin taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
Acceptance criteria:  960–1030 µg/mg on the anhydrous basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Ampicillin, and Piperacillin Related Compounds A, B, and C

Piperacillin Penicilloic Acid, Piperacillin Related Compound E, and Acetylated Penicilloic
Acid of Piperacillin

Mobile phase, Sample solution, Chromatographic system, and System suitability:
 Proceed as directed in the Assay.

Standard solution 1:  0.08 mg/mL of USP Ampicillin RS in Mobile phase
Standard solution 2:  0.04 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few

drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
Analysis 

Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of ampicillin in the portion of Piperacillin taken:

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

rU= peak response of ampicillin from the Sample solution
rS= peak response of ampicillin from Standard solution 1
CS= concentration of USP Ampicillin RS in Standard solution 1 (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of ampicillin in USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
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Calculate the percentages of piperacillin related compounds A, B, and C
specified impurities other than ampicillin

in the portion of Piperacillin taken:

Result = (rU/rS) × (CS/CU) × P × F1 × F2 × 100

rU= peak response of piperacillin related compound A, B, or C
each specified impurity other than ampicillin

from the Sample solution
rS= peak response of piperacillin from Standard solution 2
CS= concentration of USP Piperacillin RS in Standard solution 2 (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F1= relative response factor (see Table 1)
F2= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance 
Criteria,
NMT (%)

Piperacillin related compound B
E

a 0.24 0.41 0.2
Ampicillin 0.31 1.0 0.2
Piperacillin related compound C
Acetylated penicilloic acid of piperacillin

b 0.37 0.93 0.4
Piperacillin related compound A
Piperacillin penicilloic acid

c 0.62 1.4 1.0
Piperacillin 1.0 — —

a  1-Ethyl-2,3-piperazinedione.
b  2-(3-Acetyl-4-carboxy-5,5-dimethyl-2-thiazolidinyl)-N-[N-[(4-ethyl-2,3-dioxo-1-

piperazinyl)-carbonyl]-2-phenylglycyl]glycine
(2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

c  4-Carboxy- -[2-(4-ethyl-2,3-dioxo-1-piperazinecarboxamido-2-phenylacetamido]-5,5-
dimethyl-2-thiazolidinacetic acid
(2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

Change to read:
•  Piperacillin Related Compound D

Piperacillinylampicillin
Mobile phase:  Methanol, water, 0.2 M monobasic sodium phosphate, and 0.4 M

tetrabutylammonium hydroxide (615:282:100:3). Adjust with phosphoric acid to a pH of
5.50 ± 0.02.
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Standard solution:  0.04 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Sample solution:  0.4 mg/mL of Piperacillin in Mobile phase. Dissolve in a few drops of
methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm;
5-µm

packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Relative standard deviation:  NMT 2%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of piperacillin related compound D
piperacillinylampicillin

in the portion of Piperacillin taken:

Result = (rU/rS) × (CS/CU) × P × F1 × F2 × 100

rU= peak response of piperacillin related compound D
piperacillinylampicillin

from the Sample solution
rS= peak response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F1= relative response factor (see Table 2)
F2= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Piperacillin 1.0 — —
Piperacillin related compound D
Piperacillinylampicillin

a 2.55 1.47 2.0
Total impuritiesb — — 3.8
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a  6-[2-[6-[2-(4-Ethyl-2,3-dioxo-1-piperazinecarboxamido)-2-phenylacetamido]-3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamido]-2-phenylacetamido]-
3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid
(2S,5R,6R)-6-((R)-2-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-
2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxamido}-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid.

b  Total impurities is the sum of all impurities reported in the tests for Ampicillin, and
Piperacillin Related Compounds A, B, and C and Piperacillin Related Compound D
Piperacillin Penicilloic Acid, Piperacillin Related Compound E, and Acetylated Penicilloic Acid
of Piperacillin, and Piperacillinylampicillin.

SPECIFIC TESTS

•  Water Determination, Method I 921 : 2.0%–4.0%

•  Optical Rotation, Specific Rotation 781S
Sample solution:  40 mg/mL in methanol

Acceptance criteria:  +155  to +175

•  Bacterial Endotoxins Test 85 : Where the label states that Piperacillin is sterile or that it
must be subjected to further processing during the preparation of injectable dosage forms,
it contains NMT 0.07 USP Endotoxin Unit/mg of piperacillin.

•  Sterility Tests 71 : Where the label states that Piperacillin is sterile or that it must be
subjected to further processing during the preparation of injectable dosage forms, it meets
the requirements when tested as directed in Test for Sterility of the Product to Be
Examined, Membrane Filtration.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Ampicillin RS 
USP Endotoxin RS
USP Piperacillin RS 

BRIEFING

Piperacillin for Injection, USP 36 page 4811. The trivial and chemical names of the related
compounds are revised per current USP style and to ensure consistency among the
monographs of the piperacillin family. Where relevant, the impurity labels are aligned with
those in the European Pharmacopoeia. Column dimensions in the Assay are revised to
include the particle size; this information is based on the column used during method
validation.

(SM1: A. Wise.)
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Correspondence Number—C126555

Comment deadline: July 31, 2013
Piperacillin for Injection

DEFINITION

Piperacillin for Injection contains an amount of Piperacillin Sodium equivalent to NLT 90.0% and
NMT 120.0% of the labeled amount of piperacillin (C23H27N5O7S).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Dissolve 250 mg in water. Add 0.5 mL of 2 N hydrochloric acid and 5 mL of ethyl

acetate. Stir, and allow to stand for 10 min in ice water. Pass through a suitable sintered-
glass filter, applying suction. Wash the crystals with 5 mL of water and 5 mL of ethyl

acetate, then dry in an oven at 60  for 60 min.
Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, 0.2 M monobasic sodium phosphate, 0.4 M tetrabutylammonium
hydroxide, and water (450:100:3:447). Adjust with phosphoric acid to a pH of 5.50 ±
0.02.

System suitability solution:  0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP
Piperacillin RS in Mobile phase

Standard solution:  0.4 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Sample solution 1 (where it is labeled for use as a single-dose container):  Equivalent to
0.4 mg/mL of piperacillin from Piperacillin for Injection constituted as directed below. 
Constitute Piperacillin for Injection in a volume of water corresponding to the volume of
solvent specified in the labeling. Withdraw all of the withdrawable contents using a
suitable hypodermic needle and syringe, and dilute with Mobile phase.

Sample solution 2 (where the label states the quantity of piperacillin in a given volume of
the constituted solution):  Equivalent to 0.4 mg/mL of piperacillin from Piperacillin for
Injection constituted as directed below. 
Constitute Piperacillin for Injection in a volume of water corresponding to the volume of
solvent specified in the labeling. Dilute an aliquot of the constituted solution with Mobile
phase.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm;
5-µm

packing L1
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Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor:  NMT 1.2 for the piperacillin peak, System suitability solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution 1 or Sample solution 2

Calculate the percentage of the labeled amount of piperacillin (C23H27N5O7S) in the
container or in the portion of constituted solution taken:

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

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= nominal concentration of piperacillin in Sample solution 1 or Sample solution 2 (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Mobile phase, System suitability solution, Sample solution 1, Sample solution 2,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.
Evaluate the Relative standard deviation using the Standard solution prepared in the
Assay.

Standard solution:  40 µg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few drops
of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Analysis 
Samples:  Sample solution 1 or Sample solution 2 and Standard solution

Calculate the percentage of piperacillin related compound A and piperacillin related
compound C
piperacillin penicilloic acid and acetylated penicilloic acid of piperacillin

in the portion of Piperacillin for Injection taken:

Result = (rU/rS) × (CS/CU) × P × (1/F1) × F2 × 100
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rU= peak response of piperacillin related compound A or piperacillin related compound C
piperacillin penicilloic acid or acetylated penicilloic acid of piperacillin

from Sample solution 1 or Sample solution 2

rS= peak response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= nominal concentration of piperacillin in Sample solution 1 or Sample solution 2 (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F1= relative response factor (see Table 1)
F2= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Piperacillin related compound B
E

a,b 0.24
— —

Ampicillina 0.31 — —
Piperacillin related compound C
Acetylated penicilloic acid of piperacillin

c 0.37 1.1 1.0
Piperacillin related compound A
Piperacillin penicilloic acid

d 0.62 0.7 3.5
Piperacillin 1.0 — —

a  These are process impurities that are listed here for information only; they are controlled
in the drug substance and are not to be reported.

b  1-Ethyl-2,3-piperazinedione.
c  2-(3-Acetyl-4-carboxy-5,5-dimethyl-2-thiazolidinyl)-N-[N-[(4-ethyl-2,3-dioxo-1-

piperazinyl)-carbonyl]-2-phenylglycyl]glycine
(2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

d  4-Carboxy- -[2-(4-ethyl-2,3-dioxo-1-piperazinecarboxamido-2-phenylacetamido]-5,5-
dimethyl-2-thiazolidinacetic acid
(2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

SPECIFIC TESTS

•  Constituted Solution: At the time of use, it meets the requirements in Injections 1 ,
Constituted Solutions.

•  Bacterial Endotoxins Test 85 : It contains NMT 0.07 USP Endotoxin Unit/mg of
piperacillin.

•  Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to Be Examined, Membrane Filtration.
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•  pH 791 : 4.8–6.8, in a solution of 200 mg/mL of piperacillin

•  Water Determination, Method I 921 : NMT 0.9%

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Other Requirements: It meets the requirements in Injections 1 , Labeling.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids.

•  USP Reference Standards 11
USP Ampicillin RS 
USP Endotoxin RS
USP Piperacillin RS 

BRIEFING

Piperacillin Sodium, USP 36 page 4810. The trivial and chemical names of the related
compounds are revised per current USP style and to ensure consistency among the
monographs of the piperacillin family. Where relevant, the impurity labels are aligned with
those in the European Pharmacopoeia. Column dimensions in the Assay and the test for
Piperacillin Penicilloic Acid and Acetylated Penicilloic Acid of Piperacillin are revised to include
the particle size; this information is based on the column used during method validation.

(SM1: A. Wise.)
Correspondence Number—C126555

Comment deadline: July 31, 2013
Piperacillin Sodium

C23H26N5NaO7S       539.54 

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[[[[(4-ethyl-2,3-dioxo-1-
piperazinyl)carbonyl]amino]phenylacetyl]amino]-3,3-dimethyl-7-oxo-, monosodium salt, [2S-[2

,5 ,6 (S*)]];     
Sodium (2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxo-1-piperazinecarboxamido)-2-phenylacetamido]-
3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate     [59703-84-3].

DEFINITION

Piperacillin Sodium has a potency equivalent to NLT 863 µg/mg and NMT 1007 µg/mg of
piperacillin (C23H27N5O7S), calculated on the anhydrous basis.

IDENTIFICATION
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•  A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, and the chromatogram compares qualitatively to that of the Standard
solution, as obtained in the Assay.

•  B. Identification Tests—General, Sodium 191

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, water, 0.2 M monobasic sodium phosphate, and 0.4 M
tetrabutylammonium hydroxide (450:447:100:3). Adjust with phosphoric acid to a pH of
5.50 ± 0.02.

System suitability solution:  0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP
Piperacillin RS in Mobile phase

Standard solution 1:  0.4 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few
drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.

Sample solution:  0.4 mg/mL of Piperacillin Sodium in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm;
5-µm

packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor:  NMT 1.2 for the piperacillin peak, System suitability solution
Relative standard deviation:  NMT 2% for the piperacillin peak, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the potency, in µg/mg, of piperacillin (C23H27N5O7S) in the portion of Piperacillin
Sodium taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
Acceptance criteria:  863–1007 µg/mg on the anhydrous basis
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IMPURITIES

Change to read:
•  Piperacillin Related Compounds A and C

Piperacillin Penicilloic Acid and Acetylated Penicilloic Acid of Piperacillin
Mobile phase, Standard solution 1, and Sample solution:  Prepare as directed in the

Assay.
System suitability solution:  0.1 mg/mL of USP Ampicillin RS and 0.2 mg/mL of USP

Piperacillin RS in Mobile phase
Standard solution 2:  0.04 mg/mL of USP Piperacillin RS in Mobile phase. Dissolve in a few

drops of methanol, and dilute with Mobile phase to volume. Use this solution within 1 h.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm;
5-µm

packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution 1 and System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 16 between ampicillin and piperacillin, System suitability solution
Tailing factor:  NMT 1.2 for the piperacillin peak, System suitability solution
Relative standard deviation:  NMT 2% for the piperacillin peak, Standard solution 1

Analysis 
Samples:  Sample solution and Standard solution 2

Calculate the percentages of piperacillin related compounds A and C
piperacillin penicilloic acid and acetylated penicilloic acid of piperacillin

in the portion of Piperacillin Sodium taken:

Result = (rU/rS) × (CS/CU) × P × F1 × F2 × 100

rU= peak response of piperacillin related compound A or C
piperacillin penicilloic acid or acetylated penicilloic acid of piperacillin

from the Sample solution
rS= peak response of piperacillin from Standard solution 2
CS= concentration of USP Piperacillin RS in Standard solution 2 (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F1= relative response factor (see Table 1)
F2= conversion factor, 0.001 mg/µg
Acceptance criteria:  See Table 1.

Table 1
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Piperacillin related compound B
Ea,b 0.24 — —

Ampicillin 0.31 — —
Piperacillin related compound C
Acetylated penicilloic acid of piperacillinc

0.37 0.93 1.0
Piperacillin related compound A
Piperacillin penicilloic acidd 0.62 1.4 3.5

Piperacillin 1.0 — —

a  This impurity is not to be reported.
b  1-Ethyl-2,3-piperazinedione.
c  (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
d  (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

SPECIFIC TESTS

•  pH 791
Sample solution:  400 mg/mL
Acceptance criteria:  5.5–7.5

•  Water Determination, Method I 921
Test preparation:  Proceed as described for hygroscopic substances.
Acceptance criteria:  NMT 1.0%

•  Bacterial Endotoxins Test 85 : Where the label states that Piperacillin Sodium is sterile
or that it must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 0.07 USP Endotoxin Unit/mg of piperacillin.

•  Sterility Tests 71 : Where the label states that Piperacillin Sodium is sterile or that it
must be subjected to further processing during the preparation of injectable dosage forms,
it meets the requirements when tested as directed in Test for Sterility of the Product to
Be Examined, Membrane Filtration.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Ampicillin RS 
USP Endotoxin RS
USP Piperacillin RS 

BRIEFING

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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BRIEFING

Piperacillin and Tazobactam for Injection, USP 36 page 4813. On the basis of comments
received, the Expert Committee decided to cancel the proposal previously published in PF
37(2) [Mar.–Apr. 2011] and to propose the following revisions:

1. The Assay is replaced with a procedure that is more appropriate for the public standard
because it uses reagents that are commonly available. The Assay was validated
using the Prontosil C18 brand of L1 column. The typical retention times for
tazobactam and piperacillin are 3.5 and 9.5 min, respectively.

2. It is proposed to use the flexible monograph approach to indicate that manufacturers
may perform Organic Impurities, Procedure 1, 2, 3 or 4, based on labeling
instructions and the impurity profile. A Labeling statement is added to support this
revision.

3. The trivial names of the related compounds are revised per current USP style.
4. The calculation formula in Organic Impurities, Procedure 1 is revised to correct it and

update to current USP style. Organic Impurities, Procedure 1 is revised to remove
cross-references to the Assay procedure that is proposed for deletion. Trivial names
in Table 1 are updated to align them with the names used in the other procedures.

5. Organic Impurities, Procedure 2 was validated using the YMC Pack ODS-A brand of L1
column. The typical retention times for tazobactam and piperacillin are 7.5 and 31
min, respectively.

6. Organic Impurities, Procedure 3 was validated using the XTerra MS C18 brand of L1
column. The typical retention times for tazobactam and piperacillin are 5 and 54 min,
respectively.

7. Organic Impurities, Procedure 4 was validated using the Hypersil ODS brand of L1
column. The typical retention times for tazobactam and piperacillin are 7 and 28 min,
respectively.

8. The USP Reference Standards section is revised to include the chemical information for
the USP Tazobactam Related Compound A RS and to include reference materials that
are required for Organic Impurities, Procedures 2, 3, and 4.

9. The monograph was updated to current USP style.

(SM1: A. Wise.)
Correspondence Number—C68908; C104745; C105399

Comment deadline: July 31, 2013
Piperacillin and Tazobactam for Injection

DEFINITION

Piperacillin and Tazobactam for Injection contains amounts of Piperacillin Sodium and
Tazobactam Sodium equivalent to NLT 90.0% and NMT 110.0% of the labeled amounts of
piperacillin (C23H27N5O7S) and tazobactam (C10H12N4O5S), the labeled amounts representing
proportions of piperacillin to tazobactam of 8:1. It may contain small amounts of a suitable
buffer and stabilizer.

IDENTIFICATION
•  A. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.
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ASSAY

Change to read:
•  Procedure
[Note—Refrigerate the Standard solution and the Sample solution immediately after preparation

and during analysis, using a refrigerated autosampler set at 5 ± 3 . The solutions should be
analyzed within 24 h of preparation.]
Solution A:  Phosphoric acid and water (1:4)
Solution B:  Dilute the contents of one vial of tetrabutylammonium hydrogen sulfate ion

pairing reagent with water to 1 L.
Mobile phase:  Acetonitrile and Solution B (1:3), adjusted with Solution A to a pH of 3.8
Diluent:  Acetonitrile and water (1:3)
Standard stock solution A:  0.06 mg/mL of USP Tazobactam Related Compound A RS in

Diluent
Standard stock solution B:  0.5 mg/mL of USP Tazobactam RS in Diluent
Standard stock solution C:  1.0 mg/mL of USP Piperacillin RS in acetonitrile and Diluent

(1:24). [Note—Dissolve first in acetonitrile, using about 4% of the final volume, and dilute
with Diluent to volume.]

System suitability solution:  0.006 mg/mL of tazobactam related compound A from
Standard stock solution A and 0.025 mg/mL of tazobactam from Standard stock solution
B in Diluent

Standard solution:  0.025 mg/mL of tazobactam from Standard stock solution B and 0.2
mg/mL of piperacillin from Standard stock solution C in Mobile phase

Sample solution:  Equivalent to 0.025 mg/mL of tazobactam and 0.2 mg/mL of piperacillin
from Piperacillin and Tazobactam for Injection in Mobile phase

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3-µm packing L11

Autosampler temperature:  5 ± 3
Flow rate:  1 mL/min
Injection size:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3 between tazobactam related compound A and tazobactam, System
suitability solution

Tailing factor:  NMT 1.8 for tazobactam and piperacillin, Standard solution
Relative standard deviation:  NMT 2% for tazobactam and piperacillin, Standard

solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentages of C23H27N5O7S and C10H12N4O5S in the portion of Piperacillin
and Tazobactam for Injection taken:
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Result = (rU/rS) × (CS/CU) × P × 100

rU= peak response of piperacillin or tazobactam from the Sample solution
rS= peak response of piperacillin or tazobactam from the Standard solution
CS= concentration of USP Piperacillin RS or USP Tazobactam RS in the Standard solution

(mg/mL)
CU= nominal concentration of piperacillin or tazobactam in the Sample solution (mg/mL)
P= potency of piperacillin or tazobactam in USP Piperacillin RS or USP Tazobactam RS,

respectively (mg/mg)

Acceptance criteria:  90.0%–110.0%
Buffer:  27.6 g/L of monobasic sodium phosphate
Solution A:  80 mL of 40% aqueous tetrabutylammonium hydroxide diluted with water to

100 mL
Mobile phase:  Methanol, water, Buffer, and Solution A (510:432:50:8). Adjust with

phosphoric acid to a pH of 5.5.
Standard solution:  0.1 mg/mL of USP Tazobactam RS and 1 mg/mL of USP Piperacillin

RS in Mobile phase. Refrigerate the Standard solution immediately after preparation and

during analysis, using a refrigerated autosampler set at 5 ± 3 . Analyze within 24 h of
preparation.

Sample solution:  Nominally 0.125 mg/mL of tazobactam and 1 mg/mL of piperacillin from
Piperacillin and Tazobactam for Injection in Mobile phase. Refrigerate the Sample
solution immediately after preparation and during analysis, using a refrigerated

autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

Autosampler temperature:  5 ± 3
System suitability 
[Note—The relative retention times for tazobactam and piperacillin are 0.36 and 1.0,

respectively.]
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for tazobactam and piperacillin
Relative standard deviation:  NMT 2.0% for tazobactam and piperacillin

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of piperacillin (C23H27N5O7S) in the
portion of Piperacillin and Tazobactam for Injection taken:

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

rU= peak response of piperacillin from the Sample solution
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rS= peak response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= nominal concentration of piperacillin in the Sample solution (mg/mL)
P= potency of piperacillin or tazobactam in USP Piperacillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Calculate the percentage of the labeled amount of tazobactam (C10H12N4O5S) in the
portion of Piperacillin and Tazobactam for Injection taken:

Result = (rU/rS) × (CS/CU) × P × 100

rU= peak response of tazobactam from the Sample solution
rS= peak response of tazobactam from the Standard solution
CS= concentration of USP Tazobactam RS in the Standard solution (mg/mL)
CU= nominal concentration of tazobactam in the Sample solution (mg/mL)
P= potency of tazobactam in USP Tazobactam RS (mg/mg)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES

Change to read:
•  Organic Impurities,

Procedure 1
[Note—Refrigerate the Standard solution and the Sample solution immediately after preparation

and during analysis, using a refrigerated autosampler set at 5 ± 3 . The solutions should be
analyzed within 24 h of preparation.]
Mobile phase, Diluent, System suitability solution, Standard solution, Sample

solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam for
Injection taken:

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

rU= peak response of each impurity from the Sample solution
rS= response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
WU= weight of product used to prepare the Sample solution (mg)
P = potency of USP Piperacillin RS (mg/mg)
D= dilution factor of the Sample solution
F = relative response factor (see Impurity Table 1)

1S (USP37)

1S (USP37)
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Organic Impurities, Procedure 1 is recommended when the impurity profile includes piperacillin
impurities 4, 5, and 6.
Buffer:  Dilute the contents of one vial of tetrabutylammonium hydrogen sulfate ion pairing

reagent with water to 1 L.
Solution A:  Phosphoric acid and water (1:4)
Mobile phase:  Acetonitrile and Buffer (25:75). Adjust with Solution A to a pH of 3.8.
Diluent:  Acetonitrile and water (25:75)
Standard stock solution 1:  60 µg/mL of USP Tazobactam Related Compound A RS in

Diluent
Standard stock solution 2:  0.5 mg/mL of USP Tazobactam RS in Diluent
Standard stock solution 3:  1.0 mg/mL of USP Piperacillin RS in acetonitrile and Diluent

(1:24). Dissolve first in acetonitrile, using about 4% of the final volume, and dilute with
Diluent to volume.

System suitability solution:  6 µg/mL of tazobactam related compound A from Standard
stock solution 1 and 25 µg/mL of tazobactam from Standard stock solution 2 in Diluent

Standard solution:  25 µg/mL of tazobactam from Standard stock solution 2 and 0.2
mg/mL of piperacillin from Standard stock solution 3 in Mobile phase. Refrigerate the
solution immediately after preparation and during analysis, using a refrigerated

autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Sample solution:  Nominally 25 µg/mL of tazobactam and 0.2 mg/mL of piperacillin from

Piperacillin and Tazobactam for Injection in Mobile phase. Refrigerate the solution
immediately after preparation and during analysis, using a refrigerated autosampler set at

5 ± 3 . Analyze within 24 h of preparation.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3-µm packing L11
Flow rate:  1 mL/min
Injection volume:  20 µL

Autosampler temperature:  5 ± 3
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3 between tazobactam related compound A and tazobactam, System
suitability solution

Tailing factor:  NMT 1.8 for tazobactam and piperacillin, Standard solution
Relative standard deviation:  NMT 2% for tazobactam and piperacillin, Standard

solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam
for Injection taken:

Result = (rU/rS) × (CS/CU) × P × (F1/F2) × 100
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rU= peak response of each impurity from the Sample solution
rS= peak response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= nominal concentration of piperacillin in the Sample solution (mg/mL)
P= potency of USP Piperacillin RS (µg/mg)
F1= correction factor, 0.001 mg/µg
F2= relative response factor (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response
Factora

Acceptance
Criteria,

NMT (%)a

Tazobactam related compound Ab 0.12 0.75 1.0
Tazobactam 0.25 — —

Piperacillin impurity 4c 0.31 1.0 1.0
Piperacillin impurity 1
Piperacillin penilloic acid

d,e 0.36 1.0 1.0
Piperacillin related compound A
Piperacillin penicilloic acid

d,f 0.51 0.56 5.0
Piperacillin related compound C
Acetylated penicilloic acid of piperacillin

g 0.55 1.0 1.0

Piperacillin impurity 5c 0.62 1.0 1.0

Piperacillin impurity 6c 0.67 1.0 1.0
Piperacillin 1.0 — —
Any individual unspecified impurity — 1.0 1.0

Total impuritiesh — — 5.0

a  Calculated relative to the peak area of piperacillin.
b  (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
c  Specified unidentified impurities.
d  This compound has two epimers that usually co-elute but that may be separated as a result

of minor changes in the chromatographic conditions.
e  (4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-

dimethylthiazolidine-4-carboxylic acid.
f  (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
g  (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
h  Total impurities does not include piperacillin related compound A
piperacillin penicilloic acid.

Add the following:

1S (USP37)

1S (USP37)

1S (USP37)

1S (USP37)
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•  Organic Impurities, Procedure 2: Organic Impurities, Procedure 2 is recommended when
the impurity profile includes piperacillin dimer ethyl ester, and piperacillin dimer thiazolamide
derivative.

Solution A:  3.12 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH
of 3.5.

Solution B:  Methanol
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
5 85 15
10 65 35
35 55 45
60 35 65
65 90 10
75 90 10

System suitability solution 1:  10 µg/mL of USP Amoxicillin Related Compound A RS and 6
µg/mL of USP Tazobactam Related Compound A RS in Solution A. Refrigerate System
suitability solution 1 immediately after preparation and during analysis, using a refrigerated

autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
System suitability solution 2:  0.2 mg/mL each of USP Piperacillin RS and USP Tazobactam

RS in a mixture of methanol and Solution A (30:70). Prepare the solution by dissolving the
compounds in methanol and diluting with Solution A to volume. Refrigerate System
suitability solution 2 immediately after preparation and during analysis, using a refrigerated

autosampler set at 5 ± 3 . Analyze within 24 h of preparation.
Sample solution:  Nominally 2 mg/mL of piperacillin and 0.25 mg/mL of tazobactam from

Piperacillin and Tazobactam for Injection in Solution A. Refrigerate the Sample solution
immediately after preparation and during analysis, using a refrigerated autosampler set at

5 ± 3 . Analyze within 24 h of preparation.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  5 ± 3
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution 1 and System suitability solution 2
Suitability requirements 

Resolution:  NLT 1.5 between tazobactam related compound A and amoxicillin related
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compound A, System suitability solution 1
Tailing factor:  NMT 2.0 for the piperacillin and tazobactam peaks, System suitability

solution 2
Relative standard deviation:  NMT 10.0 % for the piperacillin and tazobactam peaks,

System suitability solution 2
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam for
Injection taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of the responses of all peaks from the Sample solution
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Tazobactam related compound Aa 0.11 0.3

Amoxicillin related compound Ab 0.13 0.2

Piperacillin related compound Ec 0.17 0.8
Tazobactam 0.25 —

Formyl penicillamined 0.34 0.2
Ampicillin 0.45 0.2

Piperazinedionecarbonyl d-phenylglycinee 0.53 0.2

Acetylated penicilloic acid of piperacillinf 0.64 0.5

Piperacillin penicilloic acid, isomer 1g 0.74 0.15

Piperacillin penicilloic acid, isomer 2h 0.78 1.5

l-Piperacillini,j 0.81 —

Piperacillin penilloic acidk 0.91 0.5
Piperacillin 1.0 —

Piperacillin methyl esterj,l 1.2 —

Piperacillin dimer ethyl esterm 1.3 0.2

Piperacillin dimer thiazolamide derivativen 1.5 0.2

Piperacillin penicillamideo 1.6 0.3

Piperacillin dimerp 1.7 0.4

Piperacillinylampicillinq 1.9 0.3
Any individual unspecified impurity — 0.1
Total impurities — 4.0
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a  (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
b  6-Aminopenicillanic acid; (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
c  1-Ethylpiperazine-2,3-dione.
d  2-Formamido-3-mercapto-3-methylbutanoic acid.
e  (R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetic acid.
f  N-Acetyl piperacillin open ring; (2R,4S)-3-acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-

dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-
carboxylic acid.

g  (2S,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

h  Piperacillin open ring; (2R,4S)-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

i  (2S,5R,6R)-6-[(S)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]-
3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

j  Process impurities that are controlled in the drug substance are not to be reported. They
are listed here for information only. 

k  Piperacillin penilloic analog; (4S)-2-{[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

l  (2S,5R,6R)-Methyl 6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.

m  (2S,5R,6R)-Ethyl 6-{(R)-2-[(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxamido]-2-phenylacetamido}-3,3-dimethyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylate.

n  (2R,4S)-2-{(R)-Carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-3-[(2R,4S)-2-{(R)-carboxy[(R)-2-(4-ethyl-2,3-
dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-
carbonyl]-5,5-dimethylthiazolidine-4-carboxylic acid.

o  (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

p  (2R,4S)-2-{(R)-Carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-3-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carbonyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

q  Piperacillin amide dimer; (2S,5R,6R)-6-((R)-2-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-
dioxopiperazine-1-carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxamido}-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

Add the following:
•  Organic Impurities, Procedure 3: Organic Impurities, Procedure 3 is recommended when

the impurity profile includes piperacillinpenicillenic acid and piperazinedionecarbonyl d-
phenylglycylglycine.

Buffer:  27.6 g/L of monobasic sodium phosphate dihydrate

1S (USP37)

PF 39(3): May-Jun. 2013 400



Solution A:  0.4 M aqueous tetrabutylammonium hydroxide
Solution B:  Methanol, Solution A, Buffer, and water (275:3:100:622). Adjust with

phosphoric acid to a pH of 5.5.
Solution C:  Methanol, Solution A, Buffer, and water (615:3:100:282). Adjust with

phosphoric acid to a pH of 5.5.
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
6 100 0
55 71 29
73 10 90
85 10 90

System suitability solution:  60 µg/mL of USP Piperacillin Related Compound E RS, 0.1
mg/mL of USP Tazobactam Related Compound A RS, and 0.76 mg/mL of USP Tazobactam
RS in Solution C

Standard solution 1:  6 mg/mL of USP Piperacillin RS in Solution C
Standard solution 2:  0.06 mg/mL of USP Piperacillin RS in Solution C
Sample solution:  Nominally 5.1 mg/mL of piperacillin and 0.64 mg/mL of tazobactam from

Piperacillin and Tazobactam for Injection in water. Refrigerate the Sample solution
immediately after preparation and during analysis, using a refrigerated autosampler set at

4 . Analyze within 10 h of preparation.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  40

Autosampler:  4
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution 2
Suitability requirements 

Resolution:  NLT 1.5 between tazobactam related compound A and piperacillin related
compound E, System suitability solution

Tailing factor:  NMT 2.0 for piperacillin, Standard solution 2
Relative standard deviation:  NMT 10.0% for the tazobactam peak, System suitability

solution
Analysis 

Samples:  Standard solution 2 and Sample solution

Calculate the percentage of each impurity in the portion of Piperacillin and Tazobactam for
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Injection taken:

Result = (rU/rS) × (CS/CU) × P × (F1/F2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of piperacillin from Standard solution 2
CS= concentration of USP Piperacillin RS in Standard solution 2 (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F1= correction factor, 0.001 mg/µg
F2= relative response factor (see Table 5)
Acceptance criteria:  See Table 5. Disregard peaks that are 0.05 times the response of the

peak in Standard solution 2. Disregard peaks that elute after piperacillinylampicillin.

Table 5

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Piperacillin related compound Ea 0.05 2.4 0.5

Tazobactam related compound Ab 0.06 0.52 0.5
Tazobactam 0.09 — —

Formyl penicillaminec 0.12 0.31 0.2
Ampicillin 0.14 0.79 0.3

Piperazinedionecarbonyl d-phenylglycined 0.30 1.0 0.5

Piperazinedionecarbonyl d-phenylglycylglycinee 0.36 1.0 0.2

Acetylated penicilloic acids of piperacillinf 0.57 1.0 0.3

Piperacillinpenicillenic acidg 0.60 1.0 0.2

Ampicillin hydantoin analogh 0.65 1.0 0.2

Piperacillin penicilloic acid, isomer 1i 0.71 1.0

2.0Piperacillin penicilloic acid, isomer 2j,k 0.83 1.0

Piperacillin oxalylamidel 0.75 1.0 0.2

l-Piperacillinm,n 0.80 1.0 —

Piperacillin penilloic acidso,p
0.87 1.0

1.00.92 1.0
Piperacillin 1.0 — —
Piperazinedionecarbonyl d-

phenylglycylampicillinn,q 1.26 1.0
—

Open ring piperacillinylampicillinn,r 1.36 1.0 —

Piperacillin penicillamides 1.38 1.0 0.2

Piperacillin dimert 1.41 1.0 0.5

Piperacillinylampicillinu 1.54 1.0 1.0
Any individual unspecified impurity — 1.0 0.1
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a  1-Ethylpiperazine-2,3-dione.
b  (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
c  2-Formamido-3-mercapto-3-methylbutanoic acid.
d  (R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetic acid.
e  (R)-2-[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]acetic acid.
f  (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
g  2-{[(E)-{2-[(R)-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)(phenyl)methyl]-5-

oxooxazol-4(5H)-ylidene}methyl]amino}-3-mercapto-3-methylbutanoic acid.
h  (2S,5R,6R)-6-(2,5-dioxo-4-phenylimidazolidin-1-yl)-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
i  (2S,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
j  (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
k  The limit is for the sum of the two epimers of piperacillin open ring.
l  (2S,5R,6R)-6-(2-{3-[2-(1-Carboxy-N-ethylformamido)ethyl]ureido}-2-phenylacetamido)-

3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
m  (2S,5R,6R)-6-[(S)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]-

3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
n  Process impurities that are controlled in the drug substance are not to be reported.

They are listed here for information only.
o  (4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-

5,5-dimethylthiazolidine-4-carboxylic acid.
p  The limit is for the sum of the two isomers of piperacillin penilloic analog.
q  (2S,5R,6R)-6-{(R)-2-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]-2-phenylacetamido}-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxylic acid.

r  (2S,5R,6R)-6-{(2R)-2-(2-[(4S)-4-Carboxy-5,5-dimethylthiazolidin-2-yl]-2-[(R)-2-(4-
ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]acetamido)-2-
phenylacetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.

s  (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

t  (2R,4S)-2-{(R)-carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-
phenylacetamido]methyl}-3-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carbonyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

u  (2S,5R,6R)-6-((R)-2-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxamido}-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

Add the following:
•  Organic Impurities, Procedure 4: Organic Impurities, Procedure 4 is recommended when
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the impurity profile includes piperacillin sulfoxide and piperacillin methyl penicilloate.
Buffer:  4 g/L of monobasic sodium phosphate dihydrate
Solution A:  Acetonitrile and Buffer (2:98) adjusted with 1 M sodium hydroxide to a pH of

6.0 ± 0.05
Solution B:  Acetonitrile
Mobile phase:  See Table 6.

Table 6

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
15 90 10
25 82 18
30 75 25
40 50 50
45 50 50
50 100 0
60 100 0

System suitability solution:  10 µg/mL of USP Amoxicillin Related Compound A RS and 6
µg/mL of USP Tazobactam Related Compound A RS in Buffer. Use this solution within 2 h.

Standard stock solution:  1 mg/mL of USP Piperacillin RS and 60 µg/mL of USP Tazobactam
RS, prepared as follows. Dissolve suitable amounts of USP Piperacillin RS and USP
Tazobactam RS in a small amount of acetonitrile. Dilute with Buffer to volume.

Standard solution:  50 µg/mL of piperacillin and 1.8 µg/mL of tazobactam from Standard
stock solution in Buffer. Use this solution within 2 h.

Sample solution:  Nominally 5 mg/mL of piperacillin and 0.625 mg/mL of tazobactam from
Piperacillin and Tazobactam for Injection in Buffer. Use this solution within 2 h.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between tazobactam related compound A and amoxicillin related
compound A, System suitability solution

Tailing factor:  NMT 2.0 for the piperacillin and tazobactam peaks, Standard solution
Relative standard deviation:  NMT 5.0% for the piperacillin and tazobactam peaks,

Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity other than tazobactam related compound A in
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the portion of Piperacillin and Tazobactam for Injection taken:

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

rU= peak response of each impurity other than tazobactam related compound A from the
Sample solution

rS= peak response of piperacillin from the Standard solution
CS= concentration of USP Piperacillin RS in the Standard solution (mg/mL)
CU= nominal concentration of piperacillin in the Sample solution (mg/mL)
P= potency of piperacillin in USP Piperacillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Calculate the percentage of tazobactam related compound A in the portion of Piperacillin
and Tazobactam for Injection taken:

Result = (rU/rS) × (CS/CU) × P × 100

rU= peak response of tazobactam related compound A from the Sample solution
rS= peak response of tazobactam from the Standard solution
CS= concentration of USP Tazobactam RS in the Standard solution (mg/mL)
CU= nominal concentration of tazobactam in the Sample solution (mg/mL)
P= potency of tazobactam in USP Tazobactam RS (mg/mg)
Acceptance criteria:  See Table 7.

Table 7

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Tazobactam related compound Aa 0.08 1.0

Amoxicillin related compound Ab 0.15 0.2

Piperacillin related compound Ec 0.18 0.8
Tazobactam 0.25 —
Ampicillin 0.51 0.2

Acetylated penicilloic acid of piperacillind 0.59 0.6

Piperazinedionecarbonyl d-phenylglycinee 0.63 0.1

Piperacillin penicilloic acid, isomer 1f 0.65

2.0Piperacillin penicilloic acid, isomer 2g 0.74

Ampicillin hydantoin analog, isomer 1h 0.78 0.2

Ampicillin hydantoin analog, isomer 2h 0.80 0.15

Piperacillin sulfoxidei 0.90 0.15

Piperacillin penilloic analog, isomer 1j 0.94

0.5Piperacillin penilloic analog, isomer 2j 0.95

Piperacillin methyl penicilloatek,l 0.98 —

Piperacillin 1.0 —

Piperacillin dimerm 1.2 0.3

Piperacillinylampicillinl,n 1.31 —
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Any individual unspecified impurity — 0.10

a  (2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.
b  6-Aminopenicillanic acid; (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
c  1-Ethylpiperazine-2,3-dione.
d  (2R,4S)-3-Acetyl-2-{(1R)-carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
e  (R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetic acid.
f  (2S,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
g  (2R,4S)-2-{(1R)-Carboxy[2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
h  (2S,5R,6R)-6-(2,5-Dioxo-4-phenylimidazolidin-1-yl)-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
i  (2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]-

3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid 4-oxide.
j  (4S)-2-{[2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-phenylacetamido]methyl}-

5,5-dimethylthiazolidine-4-carboxylic acid.
k  (2R,4S)-2-{(R)-1-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]-2-methoxy-2-oxoethyl}-5,5-dimethylthiazolidine-4-carboxylic acid.
l  Process impurities that are controlled in the drug substance are not to be reported. They

are listed here for information only. 
m  (2R,4S)-2-{(R)-Carboxy[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-carboxamido)-2-

phenylacetamido]methyl}-3-{(2S,5R,6R)-6-[(R)-2-(4-ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carbonyl}-5,5-dimethylthiazolidine-4-carboxylic acid.

n  (2S,5R,6R)-6-((R)-2-{(2S,5R,6R)-6-[(R)-2-(4-Ethyl-2,3-dioxopiperazine-1-
carboxamido)-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1-
azabicyclo[3.2.0]heptane-2-carboxamido}-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-
thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

SPECIFIC TESTS

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

•  Sterility Tests 71 : Meets the requirements

•  Particulate Matter in Injections 788 : Meets the requirements

•  pH 791
Sample solution:  Nominally 40 mg/mL of piperacillin
Acceptance criteria:  5.0–7.0

•  Water Determination, Method I 921 : NMT 2.5%

•  Other Requirements: It meets the requirements in Injections 1 .
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve as described in Containers for Sterile Solids in Injections 

1 , Packaging. Store at controlled room temperature.

Change to read:
•  Labeling: Label it to indicate its sodium content.
If a test for Organic Impurities other than Procedure 1 is used, then the labeling states with

which Organic Impurities test the article complies.

Change to read:

•  USP Reference Standards 11
USP Amoxicillin Related Compound A RS  

(2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. 
C8H12N2O3S      216.26

USP Endotoxin RS
USP Piperacillin RS 
USP Piperacillin Related Compound E RS 

1-Ethylpiperazine-2,3-dione. 
C6H10N2O2      142.16

USP Tazobactam RS 
USP Tazobactam Related Compound A RS  

(2S,3S)-2-Amino-3-methyl-3-sulfino-4-(1H-1,2,3-triazol-1-yl)butyric acid.     
C7H12N4O4S      248.26

BRIEFING

Prazosin Hydrochloride, USP 36 page 4873. As part of USP monograph modernization efforts,
it is proposed to replace the Ordinary Impurities test with an HPLC-based Organic
Impurities test procedure. The HPLC procedure is adopted from the Prazosin Hydrochloride
monograph in the European Pharmacopoeia, 7th edition. The analysis is performed with the
Waters Symmetry brand of 5-µm, L1 column. The retention time for prazosin is about 9 min.

The reference to Heavy Metals 231  is being removed as this chapter will be deleted.

(SM2: S. Ramakrishna.)
Correspondence Number—C108302

Comment deadline: July 31, 2013
Prazosin Hydrochloride

C19H21N5O4·HCl       419.86 

Piperazine, 1-(4-amino-6,7-dimethoxy-2-quinazolinyl)-4-(2-furanylcarbonyl)-,
monohydrochloride;     
1-(4-Amino-6,7-dimethoxy-2-quinazolinyl)-4-(2-furoyl)piperazine monohydrochloride     [19237-
84-4].

1S (USP37)
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DEFINITION

Prazosin Hydrochloride contains NLT 97.0% and NMT 103.0% of prazosin hydrochloride
(C19H21N5 O 4 ·HCl), calculated on the anhydrous basis.
[Note—Care should be taken to prevent inhaling particles of Prazosin Hydrochloride and to
prevent its contacting any part of the body.]

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  1 mg/mL of Prazosin Hydrochloride in methanol prepared as follows. Dissolve 20 mg

of Prazosin Hydrochloride in 20 mL of methanol with the aid of gentle heat, and evaporate

to dryness. Dry the residue under vacuum at 130  for 3 h.
Analysis:  Proceed as directed with the residue so obtained and a similar preparation of USP

Prazosin Hydrochloride RS.
Acceptance criteria:  Meets the requirements

•  B. Ultraviolet Absorption 197U
Analytical wavelengths:  246 and 329 nm
Sample solution:  7 µg/mL in methanolic 0.01 N hydrochloric acid
Acceptance criteria:  Absorptivities, calculated on the anhydrous basis, do not differ by

more than 4.0%.

•  C. Thin-Layer Chromatography 201
Diluent:  Chloroform, methanol, and diethylamine (10:10:1)
Sample solution:  5 mg/mL in Diluent
Chromatographic system 

Application volume:  10 µL
Developing solvent system:  Ethyl acetate and diethylamine (190:10)

Acceptance criteria:  Meets the requirements

•  D. Identification Tests—General, Chloride 191 : Meets the requirements

ASSAY
•  Procedure

Mobile phase:  Methanol, glacial acetic acid, and water (700:10:300). Add diethylamine in
sufficient quantity (0.2 mL) such that the retention time of prazosin hydrochloride is 6–10
min.

Diluent:  Methanol and water (700:300)
Standard stock solution:  1 mg/mL of USP Prazosin Hydrochloride RS in methanol
Standard solution:  30 µg/mL of USP Prazosin Hydrochloride RS in Diluent from the

Standard stock solution
Sample stock solution:  1 mg/mL of Prazosin Hydrochloride in methanol
Sample solution:  30 µg/mL of Prazosin Hydrochloride in Diluent from Sample stock solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L3
Flow rate:  Adjusted to obtain a retention time of 6–10 min for prazosin
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Injection volume:  5 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of prazosin hydrochloride (C19H21N5O4·HCl) in the portion of
Prazosin Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of prazosin from the Sample solution
rS= peak response of prazosin from the Standard solution
CS= concentration of USP Prazosin Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Prazosin Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria:  97.0%–103.0% calculated on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281
Sample:  1 g of Prazosin Hydrochloride
Acceptance criteria:  NMT 0.4%,
[Note—Save the residue for the test for Iron.]

Delete the following:

•  Heavy Metals, Method II 231 : NMT 50 ppm 
•  Iron

Standard stock solution:  Dissolve 100 mg of iron wire in 10 mL of hydrochloric acid with
the aid of boiling. Cool, transfer to a 1000-mL volumetric flask, and dilute with water to
volume.

Standard solution:  4.0 µg/mL of iron in 0.2 N nitric acid from Standard stock solution
Sample solution:  Dissolve the residue obtained in the test for Residue on Ignition in 20 mL

of 2 N nitric acid. Slowly evaporate this solution to approximately 5 mL; transfer to a 25-
mL volumetric flask, using 0.2 N nitric acid as a wash solvent; and dilute with 0.2 N nitric
acid to volume.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 , Apparatus.)
Mode:  Atomic absorption
Analytical wavelength:  248 nm
Lamp:  Iron hollow-cathode
Flame:  Air–acetylene
Blank:  Water

Analysis:  Determine the absorbances of the Standard solution and the Sample solution
against the Blank.

Acceptance criteria:  The absorbance of the Sample solution is NMT that of the Standard
solution (0.010%).

•  Nickel
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Standard stock solution:  Dissolve 100 mg of nickel in 10 mL of nitric acid with the aid of
boiling. Cool, transfer to a 1000-mL volumetric flask, and dilute with water to volume.

Standard solution:  4.0 µg/mL of nickel in 0.2 N nitric acid from Standard stock solution
Sample solution:  Prepare as directed in the test for Iron.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 , Apparatus.)
Mode:  Atomic absorption
Analytical wavelength:  232 nm
Lamp:  Nickel hollow-cathode
Flame:  Air–acetylene
Blank:  Water

Analysis:  Determine the absorbances of the Standard solution and the Sample solution
against the Blank.

Acceptance criteria:  The absorbance of the Sample solution is NMT that of the Standard
solution (0.010%).

Change to read:
•  Organic Impurities

Procedure: Ordinary Impurities 466  
Standard solution:  Chloroform, methanol, and diethylamine (10:10:1)
Sample solution:  Chloroform, methanol, and diethylamine (10:10:1)
Eluant:  Ethyl acetate and diethylamine (19:1)
Visualization:  1
Buffer:  3.48 g/L of sodium pentanesulfonate and 3.64 g/L of tetramethyl ammonium
hydroxide. Adjust with glacial acetic acid to a pH of 5.0.
Mobile phase:  Methanol and Buffer (500:500)
System suitability solution:  0.032 mg/mL of USP Metoclopramide Hydrochloride RS and

0.004 mg/mL of USP Prazosin Hydrochloride RS in Mobile phase
Standard solution:  1 µg/mL of USP Prazosin Hydrochloride RS in Mobile phase
Sample solution:  1 mg/mL of Prazosin Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5 µm, packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  NLT 6 times the retention time of the prazosin peak

System suitability 
Sample:  System suitability solution and Standard solution
Suitability requirements 
[Note—The retention times of metoclopramide and prazosin are 0.55 and 1.00,

respectively.]
Resolution:  NLT 8 between metoclopramide and prazosin; System suitability solution

Analysis 
Sample:  Standard solution and Sample solution
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Calculate the percentage of each individual impurity in the portion of Prazosin
Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of prazosin from the Standard solution
CS= concentration of USP Prazosin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Prazosin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria 

Individual impurities:  NMT 0.2%
Total impurities:  NMT 0.5%
[Note—Disregard peaks equal to or less than 0.05%.]

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 2.0% for the anhydrous form; 8.0%–15.0%
for the polyhydrate form

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.
•  Labeling: Label it to indicate whether it is anhydrous or is the polyhydrate.

Change to read:

•  USP Reference Standards 11
USP Metoclopramide Hydrochloride RS  

Benzamide, 4-amino-5-chloro-N-[2-(diethylamino)ethyl]-2-methoxy-,
monohydrochloride, monohydrate. 
C14H22ClN3O2·HCl·H2O      354.27 

USP Prazosin Hydrochloride RS 

BRIEFING

Propafenone Hydrochloride Tablets. Because there is no existing USP monograph for this
drug product, a new monograph is proposed based on the validated test methods. The
proposed liquid chromatographic procedure for the Assay is validated using a phenomenex
prodigy, 5-µm column of packing L7. The liquid chromatographic procedure in the test for
Organic Impurities is validated using a YMC-Pack Pro, 5-µm column of packing L7,
respectively. The typical retention times for propafenone are about 6 and 12 min,
respectively, based on the conditions specified in the Assay and test for Organic Impurities.

(SM2: S. Ramakrishna.)
Correspondence Number—C112688

Comment deadline: July 31, 2013

Add the following:
Propafenone Hydrochloride Tablets

DEFINITION

1S (USP37)
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Propafenone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of propafenone hydrochloride (C21H27NO3·HCl).

IDENTIFICATION
•  A. The relative retention time of the major peak from the Sample solution corresponds to

that of the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  0.1 M monobasic potassium phosphate prepared as follows. Dissolve 13.6 g of
monobasic potassium phosphate in 900 mL of water, adjust with phosphoric acid to a pH
of 3.1, and then dilute with water to 1 L.

Mobile phase:  Acetonitrile and Buffer (320:680)
Standard solution:  0.15 mg/mL of USP Propafenone Hydrochloride RS in Mobile phase
Sample stock solution:  Nominally 1.5 mg/mL of propafenone hydrochloride from NLT 20

powdered Tablets in Mobile phase, prepared as follows. Initially add Mobile phase to about
90% of the total volume, and sonicate for 10 min. Cool to room temperature, and dilute
with Mobile phase to volume. Stir for 10 min, pass through a suitable filter of 0.45-µm pore
size, and discard the first 5 mL of the filtrate.

Sample solution:  Nominally 0.15 mg/mL of propafenone hydrochloride in Mobile phase from
Sample stock solution. Pass through a suitable filter of 0.45-µm pore size, and discard the
first 5 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 15-cm; 5-µm, packing L7

Column temperature:  45
Flow rate:  1.2 mL/min
Injection volume:  20 µL
Run time:  NLT 3 times the retention time of the propafenone peak

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of propafenone hydrochloride
(C21H27NO3·HCl) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of propafenone from the Sample solution
rS= peak response of propafenone from the Standard solution
CS= concentration of USP Propafenone Hydrochloride RS in the Standard solution (mg/mL)
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CU= nominal concentration of propafenone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  75 rpm
Time:  30 min
Standard solution:  0.17 mg/mL of USP Propafenone Hydrochloride RS in 0.1 N hydrochloric

acid prepared as follows. To a suitable quantity of the USP Propafenone Hydrochloride RS
in a suitable volumetric flask, add 0.1 N of hydrochloric acid to fill 75% of the total

volume. Place the flask in a waterbath at 37  with stirring until completely dissolved.
Remove the flask from the waterbath, cool to room temperature, and dilute with 0.1 N
hydrochloric acid to volume.

Sample solution:  Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first 5 mL of the filtrate.

Instrumental conditions 
Mode:  UV
Analytical wavelength:  250 nm

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of propafenone hydrochloride
(C21H27NO3·HCl) dissolved:

Result = (AU/AS) × (CS/L) × V × 100

AU= absorbance of propafenone from the Sample solution
AS= absorbance of propafenone from the Standard solution
CS= concentration of USP Propafenone Hydrochloride RS in the Standard solution (mg/mL)
L= label claim for propafenone hydrochloride (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances:  NLT 80% (Q) of the labeled amount of propafenone hydrochloride is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements for Content Uniformity

IMPURITIES
•  Organic Impurities

Solution A:  2.61 g/L of anhydrous dipotassium hydrogen phosphate in water. Adjust with
phosphoric acid to a pH of 2.5.

Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 71 29
8 71 29
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20 29 71
30 29 71
31 71 29
36 71 29

Diluent:  Solution A and Solution B (650:350)
System suitability solution:  0.1 mg/mL each of USP Propafenone Hydrochloride RS and

USP Propafenone Related Compound B RS in Diluent
Standard solution:  1 µg/mL each of USP Propafenone Hydrochloride RS and USP

Propafenone Related Compound B RS in Diluent
Sample solution:  Nominally 1 mg/mL of Propafenone hydrochloride in Diluent, prepared

from NLT 20 powdered Tablets. Initially add Diluent to about 90% of the total volume,
sonicate for 10 min, and cool to room temperature. Dilute with Diluent to volume, and stir
for 10 min. Pass through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 5-µm, packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between propafenone and propafenone related compound B,
System suitability solution

Tailing factor:  NMT 2.0 for the propafenone peak, Standard solution
Relative standard deviation:   NMT 5.0% for the propafenone peak, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of propafenone related compound B in the portion of the sample
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of propafenone related compound B from the Sample solution
rS= peak response of propafenone related compound B from the Standard solution
CS= concentration of USP Propafenone Related Compound B RS in the Standard solution

(µg/mL)
CU= nominal concentration of propafenone hydrochloride in the Sample solution (µg/mL)

Calculate the percentage of N-DPP and any other individual degradation impurity in the
portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other degradation impurity from the Sample solution
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rS= peak response of propafenone from the Standard solution
CS= concentration of USP Propafenone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of propafenone hydrochloride in the Sample solution (µg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

N-DPPa 0.53 0.1

Propafenone related compound Bb 0.78 0.2

Propafenone 1.00 —
Any other individual degradation impurity — 0.2
Total impuritiesc — 0.4

a  2¢-(2-Hydroxy-3-aminopropoxy)-3-phenylpropiophenone methyl-2-propylpropane-1,3-
diyl dicarbamate.

b  (2E)-1-[2-[(2RS)-2-hydroxy-3-(propylamino)propoxy]phenyl]-3-phenylprop-2-en-1-one.

c  Total impurities include specified and unspecified impurities. Disregard peaks less than
XX.xx%.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store at controlled room temperature in tightly closed containers

at a relative humidity below 60%.

•  USP Reference Standards 11
USP Propafenone Hydrochloride RS 
USP Propafenone Related Compound B RS 

(2E)-1-[2-[(2RS)-2-Hydroxy-3-(propylamino)propoxy]phenyl]-3-phenylprop-2-en-1-
one.     
C21H25NO3      339.43

BRIEFING

Risperidone, USP 36 page 5063. On the basis of comments and supporting data received, the
following revisions are proposed:

1. Revise the Assay from a gradient procedure to an isocratic procedure with a shorter run
time. The proposed procedure was validated using the Hypersil BDS C18 brand of L1
column. The typical retention time for risperidone in the Assay is 7.8 min.

2. Revise the test for Organic Impurities on the basis of comments and supporting data
which indicated that certain process impurities co-elute with risperidone and another
specified impurity. Hence, a new procedure is proposed that is more selective as it is
able to separate the specified impurities included in the official procedure in addition
to other process impurities. The proposed procedure was validated using the Kromasil
C8 brand of L7 column. The typical retention time for risperidone is 15.2 min.

3. Replace the reference to USP Risperidone System Suitability Mixture RS in the USP

Reference Standards 11  section with references to USP Risperidone Related
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Compound G RS to support the proposed procedures for the Assay and test for
Organic Impurities.

(SM4: H. Joyce, R. Ravichandran.)
Correspondence Number—C78872

Comment deadline: July 31, 2013
Risperidone

C23H27FN4O2       410.48 

4H-Pyrido[1,2-a]pyrimidin-4-one, 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-
6,7,8,9-tetrahydro-2-methyl-;     
3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidino]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one     [106266-06-2].

DEFINITION

Risperidone contains NLT 98.0% and NMT 102.0% of risperidone (C23H27FN4O2), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Solution A:  15.4 g/L of ammonium acetate in water. Adjust with 10% acetic acid to a pH
of 6.5.

Solution B:  Mix 100 mL of Solution A with 150 mL of methanol, and dilute with water to
1000 mL.

Solution C:  Mix 100 mL of Solution A with 850 mL of methanol, and dilute with water to
1000 mL.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 70 30
1 70 30
20 5 95
25 5 95
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27 70 30
35 70 30

Diluent:  Methanol, Solution A, and water (50:5:45)
System suitability solution:  1 mg/mL of USP Risperidone System Suitability Mixture RS in

Diluent
Standard solution:  1.0 mg/mL of USP Risperidone RS in Diluent
Sample solution:  1.0 mg/mL of Risperidone in Diluent
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 275 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1

Temperature:  35
Flow rate:  1.5 mL/min
Injection size:  10 µL

System suitability 
Sample:  System suitability solution
[Note—Identify the peaks due to Z-oxime, 9-hydroxyrisperidone, 6-methylrisperidone,

and risperidone using the relative retention times (RRT) from Table 2.]
Suitability requirements 

Resolution:  NLT 2.8 between Z-oxime and 9-hydroxyrisperidone
Tailing factor:  NMT 1.5 for risperidone
Relative standard deviation:  NMT 2.0% for the risperidone peak

Buffer:  5 g/L of ammonium acetate. Adjust with glacial acetic acid to a pH of 6.0, and
pass the solution through a suitable filter.
Solution A:  Acetonitrile and tetrahydrofuran (80:20)
Mobile phase:  Buffer and Solution A (80:20)
Standard stock solution:  1 mg/mL of USP Risperidone RS in solution prepared as

follows. Dissolve a suitable amount of USP Risperidone RS in 20% of the final volume
with methanol. Dilute with Mobile phase to final volume. Sonication may be used to aid
in dissolution.

Standard solution:  0.2 mg/mL of USP Risperidone RS in Mobile phase from Standard
stock solution

System suitability solution:  20 µg/mL of USP Risperidone Related Compound G RS in
Standard solution

Sample stock solution:  1 mg/mL of Risperidone in solution prepared as follows. Dissolve
a suitable amount of Risperidone in 20% of the final volume with methanol. Dilute with
Mobile phase to final volume. Sonication may be used to aid in dissolution.

Sample solution:  0.2 mg/mL of Risperidone in Mobile phase from Sample stock solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 275 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  50
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Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  2 times the retention time of risperidone

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The relative retention times for risperidone and risperidone related compound G
are 1.0 and 1.1, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between risperidone and risperidone related compound G,
System suitability solution

Tailing factor:  NMT 2.0 for risperidone, Standard solution
Relative standard deviation:  NMT 1.0% for risperidone, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of risperidone (C23H27FN4O2) in the portion of Risperidone taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Risperidone RS in the Standard solution (mg/mL)
CU= concentration of Risperidone in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 ppm

•  Residue on Ignition 281
Sample:  2.0 g of Risperidone
Acceptance criteria:  NMT 0.1%

Change to read:
•  Organic Impurities

Solution A, Solution B, Solution C, Mobile phase, Diluent, System suitability solution,
Chromatographic system, System suitability, Standard solution and Sample
solution:  Proceed as directed in the Assay.
Solution A:  5 g/L of ammonium acetate. Adjust with glacial acetic acid to a pH of 6.0,
and pass the solution through a suitable filter.
Solution B:  Acetonitrile and methanol (40:60)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0.01 70 30
12 65 35
18 65 35

1S (USP37)

PF 39(3): May-Jun. 2013 418



25 35 65
35 30 70
40 30 70
42 70 30
50 70 30

System suitability solution:  20 µg/mL of USP Risperidone Related Compound G RS and
10 mg/mL of USP Risperidone RS in methanol. Sonication may be used to aid in
dissolution.

Standard solution:  20 µg/mL of USP Risperidone RS in methanol. Sonication may be
used to aid in dissolution.

Sample solution:  10 mg/mL of Risperidone in methanol. Sonication may be used to aid
in dissolution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 260 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  50
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—Identify the peaks using Table 2.]
Suitability requirements 

Resolution:  NLT 1.5 between risperidone and risperidone related compound G,
System suitability solution

Tailing factor:  NMT 2.0 for risperidone, Standard solution
Relative standard deviation:  NMT 5.0% for risperidone, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Risperidone taken:

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

rU= peak area of each impurity from the Sample solution
rS= peak area of risperidone from the Standard solution
CS= concentration of USP Risperidone RS in the Standard solution (mg/mL)
CU= concentration of Risperidone in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 2)
Acceptance criteria:  See Table 2.
[Note—Disregard the impurity peaks less than 0.05%.]

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)
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E-Oximea 0.60 1.0 0.20

Z-Oximeb 0.67 0.63 0.20

9-Hydroxyrisperidonec 0.76 0.92 0.20

5-Fluororisperidoned 0.94 1.0 0.20

Risperidone 1.0 1.0 —

6-Methylrisperidonee 1.2 0.95 0.20

Any other unknown individual impurity — 1.0 0.10
Total impurities — — 0.30

a 3-[2-[4-[(E)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl]ethyl]-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

b 3-[2-[4-[(Z)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl]ethyl]-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

c (9RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-9-hydroxy-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

d 3-[2-[4-(5-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrimidin-4-one.

e (6RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2,6-dimethyl-6,7,8,9-
tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

E-Oximea 0.52 1.0 0.20

Z-Oximeb 0.64 1.0 0.20
9-Hydroxyrisperidonec 0.71 1.0 0.20
Desfluoro risperidoned,e 0.79 1.0 0.10
Risperidone difluoroketonef 0.90 1.4 0.10
5-Fluororisperidoneg 0.94 1.0 0.20
Risperidone 1.00 1.0 —
Risperidone related compound Ge 1.08 2.5 0.10
6-Methylrisperidoneh 1.44 1.0 0.20
Any unspecified individual impurity — 1.0 0.10
Total impurities — — 0.30
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a  3-(2-[4-[(E)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl]ethyl)-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

b  3-[2-[4-[(Z)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl]ethyl]-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

c  (9RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-9-hydroxy-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

d  3-{2-[4-(Benzisoxazol-3-yl)piperidin-1-yl]ethyl}-2-methyl-6,7,8,9-tetrahydro-4H-
pyrido[1,2-a]pyrimidin-4-one.

e  This impurity may not be relevant to all manufacturing processes.
f  3-[2-[4-(2,4-Difluorobenzoyl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetrahydro-4H-

pyrido[1,2-a]pyrimidin-4-one.
g  3-[2-[4-(5-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetrahydro-

4H-pyrido[1,2-a]pyrimidin-4-one (also known as 5-fluororisperidone).
h  (6RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2,6-dimethyl-6,7,8,9-

tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry under vacuum at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers. Store at room temperature.

Change to read:

•  USP Reference Standards 11
USP Risperidone RS 
USP Risperidone System Suitability Mixture RS

Contains risperidone and about 0.2% of each of the following:

Z-Oxime:

3-[2-[4-[(Z)-(2,4-Difluorophenyl)(hydroxyimino)methyl]piperidin-1-yl]ethyl]-2-methyl-
6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

9-Hydroxyrisperidone:

(9RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-9-hydroxy-2-
methyl-6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.

and 6-Methylrisperidone:

(6RS)-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)piperidin-1-yl]ethyl]-2,6-dimethyl-
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6,7,8,9-tetrahydro-4H-pyrido[1,2-a]pyrimidin-4-one.
USP Risperidone Related Compound G RS 

3-[2-[4-(4-Fluoro-2-hydroxybenzoyl)piperidin-1-yl]ethyl]-2-methyl-6,7,8,9-tetrahydro-
4H-pyrido[1,2-a]pyrimidin-4-one. 
C23H28FN3O3      413.49

BRIEFING

Sertraline Hydrochloride, USP 36 page 5129. The procedure in the test for Organic Impurities
that appeared on PF 34(5) [Sept.–Oct. 2008] page 1189 was not adopted into USP due to
comments received. Based on the comments received, it is proposed to add the tests for
Organic Impurities, Procedure 1; Organic Impurities, Procedure 2; and Limit of Mandelic
Acid. These tests are suitable to monitor the impurity profiles from different manufacturing
processes using the flexible monograph approach. The following changes are proposed in this
revision:

1. The current Assay procedure is replaced with the Assay procedure in European
Pharmacopoeia 7.6. This reduces the analysis time from 20 min to 4 min. The
proposed liquid chromatographic procedure is validated using a Waters Nova-Pak
brand of C18 column in which sertraline elutes at a retention time of about 2 min
under the specified conditions.

2. The proposed liquid chromatographic procedure in Organic Impurities, Procedure 1, is
based on the validations performed using a Merck Chiradex brand of L45 column. The
typical retention time of sertraline is about 13 min. This procedure requires the use
of a new reference standard: USP Sertraline Hydrochloride Related Compound A RS.

3. The proposed capillary GC gas chromatographic procedure in Organic Impurities,
Procedure 2, is based on European Pharmacopoeia procedure. The procedure uses a
Restek OV-17 brand of G3 phase capillary column. This procedure requires the use of
a new reference standard: USP Sertraline Hydrochloride Related Compound A RS.

4. The proposed liquid chromatographic procedure in Limit of Mandelic Acid is based on
European Pharmacopoeia 7.6. The procedure is based on validations performed with
a YMC-Pack ODS-AQ brand of L1 column in which mandelic acid elutes at about 4
min under the specified conditions. This procedure requires the use of an existing
reference standard: USP Mandelic Acid RS.

5. The Sample solution in Identification test C is revised to match with European
Pharmacopoeia 7.6.

6. The counter ion name, hydrochloride, has been deleted at appropriate places to be
consistent with the fact that the peaks are only due to free base peaks only.

7. Other editorial changes have been made to be consistent with the current USP Style
Guide.

(SM4: R. Ravichandran.)
Correspondence Number—C72363; C94913

Comment deadline: July 31, 2013
Sertraline Hydrochloride
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C17H17Cl2N·HCl       342.69 

1-Naphthalenamine, 4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-N-methyl-, hydrochloride,
(1S-cis)-;     
(1S,4S)-4-(3,4-Dichlorophenyl)-1,2,3,4-tetrahydro-N-methyl-1-naphthylamine hydrochloride    
[79559-97-0].

DEFINITION

Sertraline Hydrochloride contains NLT 97.0% and NMT 102.0% of sertraline hydrochloride
(C17H17Cl2N·HCl), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of

sertraline hydrochloride from the System suitability solution, as obtained in the test for
Limit of (R,R) Sertraline Hydrochloride.

Change to read:

•  C. Identification Tests—General, Chloride 191
Sample solution:  0.1 mg/mL in a mixture of alcohol and water (1:1)
1 mg/mL of Sertraline Hydrochloride in a mixture of dehydrated alcohol and water (1:1),
prepared as follows. Dissolve 10 mg of Sertraline Hydrochloride in 5 mL of dehydrated
alcohol. Add 5 mL of water to the solution.

Acceptance criteria:  Meets the requirements
for the silver nitrate precipitate test

ASSAY

Change to read:
•  Procedure

Buffer:  5.75 g/L of monobasic ammonium phosphate in water. Adjust with phosphoric acid
to a pH 4.2.

Mobile phase:  Methanol and Buffer (48:52)
Standard solution:  0.04 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample solution:  0.04 mg/mL of Sertraline Hydrochloride in Mobile phase
Mode:  LC
Detector:  UV 220 nm
Column:  4.0-mm × 25-cm; 5-µm packing L45

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.3
Relative standard deviation:  NMT 2.0%
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Buffer:  To 28.6 mL of glacial acetic acid, slowly add, while stirring, 34.8 mL of
triethylamine, and dilute with water to 100 mL. Dilute 10 mL of the resulting solution with
water to 1 L.
Mobile phase:  Acetonitrile, methanol, and Buffer (45:15:40)
Standard solution:  0.05 mg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample solution:  0.05 mg/mL of Sertraline Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1

Column temperature:  30
Flow rate:  1.8 mL/min
Injection volume:  20 µL
Run time:  2 times the retention time of sertraline

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of sertraline hydrochloride (C17H17Cl2N·HCl ) in the portion of
Sertraline Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Sertraline Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.3%

•  Heavy Metals, Method II 231 : 30 ppm

Change to read:
•  Limit of (R,R) Sertraline Hydrochloride

Mobile phase:  Hexane, 2-propanol, and diethylamine (960: 40: 1.5)
System suitability solution:  Transfer 10 mg of USP Sertraline Hydrochloride Racemic

Mixture RS into a 20-mL volumetric flask. Add 4 mL of diluted ammonia water (1 in 10) and
10 mL of hexane. Shake well until the organic phase is clear. Wait for phase separation,
transfer about 2.0 mL from the top layer into a 20-mL volumetric flask, and dilute with
hexane to volume.

Standard solution:  Transfer 10 mg of USP Sertraline Hydrochloride RS into a 20-mL
volumetric flask. Add 4 mL of diluted ammonia water (1 in 10) and 10 mL of hexane. Shake
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well until the organic phase is clear. Wait for phase separation, transfer 1.0 mL from the
top layer into a 10-mL volumetric flask, and dilute with hexane to volume. Further dilute
quantitatively and stepwise, if necessary, to obtain a solution having a known
concentration of 0.01 mg/mL.

Sample solution:  Transfer 20 mg of Sertraline Hydrochloride to a 20-mL volumetric flask.
Add 4 mL of diluted ammonia water (1 in 10) and 10 mL of hexane. Shake well until the
organic phase is clear. Wait for phase separation, and use the top layer.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 25-cm; 5-µm packing L40

Column temperature:  5
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution

[Note—The relative retention times for
sertraline and (R,R) sertraline are about 1.0 and 1.16, respectively. hydrochloride 

]
Suitability requirements 

Resolution:  NLT 2.8 between sertraline hydrochloride
and (R,R) sertraline

Relative standard deviation:  NMT 10.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of (R,R) sertraline hydrochloride in the portion of Sertraline
Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for (R,R) sertraline hydrochloride
from the Sample solution

rS= peak response for sertraline hydrochloride
from the Standard solution

CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Sertraline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  NMT 1.5%

Add the following:
•  Organic Impurities, Procedure 1 

If sertralone is a known process impurity, then the tests for Organic Impurities, Procedure
2, and Limit of Mandelic Acid are recommended.

Buffer:  5.8 g/L of monobasic ammonium phosphate in water. Adjust with phosphoric acid to
a pH of 4.2.

Mobile phase:  Methanol and Buffer (48:52)
System suitability solution:  0.5 mg/mL each of USP Sertraline Hydrochloride RS and USP
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Sertraline Hydrochloride Related Compound A RS in Mobile phase
Standard solution:  0.5 µg/mL of USP Sertraline Hydrochloride RS in Mobile phase
Sample solution:  0.5 mg/mL of Sertraline Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.0-mm × 25-cm; 5-µm packing L45

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution. [Note—See Table 1 for the

relative retention times.]
Suitability requirements 

Resolution:  NLT 2.2 between sertraline hydrochloride related compound A (trans-R,S
isomer) and sertraline, System suitability solution

Relative standard deviation:  NMT 10.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of each impurity in sertraline hydrochloride (C17H17Cl2N·HCl) in
the portion of Sertraline Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for each impurity in the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Sertraline Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria, 
NMT (%)

2,3-Isosertralinea 0.32 0.15
4-Deschlorosertralineb 0.42 0.20

3-Deschlorosertralinec 0.60 0.20
Mandelic acid 0.70 0.10
Sertraline 1.0 —
Sertraline related compound A (trans-R,S isomer) 1.19 0.10
Sertraline related compound A (trans-S,R isomer) 1.64 0.10
Any individual unspecified impurity — 0.10
Total impurities — 0.5
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a  (1RS,4RS)-4-(2,3-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine.
b  (1RS,4RS)-4-(3-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine.
c  (1RS,4RS)-4-(4-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine. [Note

—Disregard any peak at or below 0.05%.]

Add the following:
•  Organic Impurities, Procedure 2

System suitability solution:  Dissolve 50 mg of USP Sertraline Hydrochloride RS and 0.5 mg
of USP Sertraline Hydrochloride Related Compound A RS in 2 mL of methanol in a stoppered
centrifuge tube. Add 0.2 mL of 25% potassium carbonate solution, and mix in a vortex
mixer for 30 s. Add 8 mL of methylene chloride. Stopper the tube, and mix in a vortex
mixer for 60 s. Add 1 g of anhydrous sodium sulfate. Mix well, and centrifuge for 5 min.

Sample solution:  Dissolve 250 mg of Sertraline Hydrochloride in 2 mL of methanol in a
stoppered centrifuge tube. Add 0.2 mL of 25% potassium carbonate solution, and mix in a
vortex mixer for 30 s. Add 8 mL of methylene chloride. Stopper the tube, and mix in a
vortex mixer for 60 s. Add 1 g of anhydrous sodium sulfate. Mix well, and centrifuge for 5
min.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame-ionization
Column:  30-m × 0.53-mm fused silica column coated with a 1.0-µm film of phase G3
Temperatures 

Injection port:  250

Detector:  280
Column:  See Table 2 for the column temperature program.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final Temperature

(min)

200 0 200 1
200 2 260 8

Carrier gas:  Helium
Flow rate:  9 mL/min
Injection volume:  1 µL
Injection type:  Split ratio, 1:10

System suitability 
Sample:  System suitability solution
Suitability requirements 

Peak-to-valley ratio:  The ratio of the height of the sertraline related compound A
peak to the height of the valley between the sertraline related compound A peak and
the sertraline peak is NLT 15.

Analysis 
Sample:  Sample solution
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Calculate the percentage of each impurity in the portion of Sertraline Hydrochloride taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of the peak responses for all the peaks from the Sample solution
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria

NMT (%)

3,4-Deschlorosertralinea 0.5 0.2

3-Deschlorosertralineb and 4-Deschlorosertralinec 0.7 0.8
Sertraline 1.0 —
Sertraline related compound A 1.05 0.2

Sertraloned 1.1 0.2
Any individual unspecified impurity — 0.10

Total impuritiese — 1.5

a  (1RS,4RS)-4-Phenyl-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine.
b  (1RS,4RS)-4-(4-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine.
c  (1RS,4RS)-4-(3-Chlorophenyl)-N-methyl-1,2,3,4-tetrahydronaphthalen-1-amine.
d  4-(3,4-Dichlorophenyl)-3,4-dihydronaphthalen-1(2H)-one.
e  Does not include mandelic acid and 1R,4R-sertraline hydrochloride. [Note—Disregard any

peak at or below 0.05%.]

Add the following:
•  Limit of Mandelic Acid 

Perform this test only if Organic Impurities, Procedure 2, is used.
Solution A:  Dissolve 1 g of sodium dodecylsulfate in 800 mL of water. Add 200 mL of

acetonitrile and 1 mL of phosphoric acid.
Solution B:  Dissolve 1 g of sodium dodecylsulfate in 100 mL of water. Add 900 mL of

acetonitrile and 1 mL of phosphoric acid.
Diluent:  Solution A and Solution B (50:50)
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 60 40
8 60 40
9 10 90
16 10 90

16.1 60 40
20 60 40
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System suitability solution:  0.005 mg/mL each of USP Benzoic Acid RS and USP Mandelic
Acid RS in Diluent

Standard solution:  0.002 mg/mL of USP Mandelic Acid RS in Diluent
Sample solution:  1 mg/mL of Sertraline Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 3-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution and Standard solution. [Note—The relative retention

times for mandelic acid, benzoic acid, and sertraline are 0.2, 0.3, and 1.0 respectively.]
Suitability requirements 

Resolution:  NLT 5 between benzoic acid and mandelic acid, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of mandelic acid in the portion of Sertraline Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of mandelic acid from the Sample solution
rS= peak response of mandelic acid from the Standard solution
CS= concentration of USP Mandelic Acid RS in the Standard solution (mg/mL)
CU= concentration of Sertraline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.2%

SPECIFIC TESTS

•  Water Determination, Method Ia 921 : NMT 0.50%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers at a temperature NMT

40 .
•  Labeling: Label to indicate the Organic Impurities procedure with which the article complies,

if Organic Impurities, Procedure 1, is not used.

Change to read:

•  USP Reference Standards 11
USP Benzoic Acid RS 

USP Mandelic Acid RS  
USP Sertraline Hydrochloride RS 
USP Sertraline Hydrochloride Racemic Mixture RS 

(1RS,4RS)-4-(3,4-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-1-naphthylamine
hydrochloride.     
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C17H17CI2·HCI      342.69
USP Sertraline Hydrochloride Related Compound A RS 

(1RS,4SR)-4-(3,4-Dichlorophenyl)-N-methyl-1,2,3,4-tetrahydro-1-naphthylamine
hydrochloride. 
C17H17Cl2N ·HCl      342.69

BRIEFING

Terbinafine Hydrochloride, USP 36 page 5314. As an effort to improve the accuracy of
organic impurities quantitation, it is proposed to revise the Organic Impurities procedure by
replacing the use of relative response factors with available Reference Standards. In
addition, the System suitability solution may be readily prepared using the available
Reference Standards rather than performing photodegradation.

(SM1: L. Santos, C. Li.)
Correspondence Number—C111627

Comment deadline: July 31, 2013
Terbinafine Hydrochloride

C21H25N·HCl       327.90 

1-Naphthalenemethanamine, N-(6,6-dimethyl-2-hepten-4-ynyl)-N-methyl-, (E)-,
hydrochloride;     
(E)-N-(6,6-Dimethyl-2-hepten-4-ynyl)-N-methyl-1-naphthalenemethylamine, hydrochloride;     
(2E)-N,6,6-Trimethyl-N-(naphthalen-1-ylmethyl)hept-2-en-4-yn-1-amine hydrochloride    
[78628-80-5].

DEFINITION

Terbinafine Hydrochloride contains NLT 98.0% and NMT 102.0% of terbinafine hydrochloride
(C21H25N·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Identification Tests—General, Chloride 191 : Meets the requirements of the test
when using dehydrated alcohol as a solvent

ASSAY

Change to read:
•  Procedure 

Protect all solutions containing Terbinafine Hydrochloride from light.
Buffer:  Prepare a solution in water containing 2.0 mL/L of triethylamine. Adjust with diluted

acetic acid to a pH of 7.5.
Solution A:  Solution C and Buffer (7:3)
Solution B:  Solution C and Buffer (95:5)
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Solution C:  Methanol and acetonitrile (3:2)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
4 100 0
25 0 100
30 0 100

30.1 100 0
38 100 0

Diluent:  Acetonitrile and water (1:1)
System suitability solution:  1 mg/mL of USP Terbinafine Hydrochloride RS Expose to UV

light at 254 nm for 1 h.
and 5 µg/mL of USP Terbinafine Related Compound B RS in Diluent 

Standard solution:  0.5 mg/mL of USP Terbinafine Hydrochloride RS in Diluent
Sample solution:  0.5 mg/mL of Terbinafine Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  3.0-mm × 15-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  0.8 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for terbinafine related compound B and terbinafine are

0.94 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between terbinafine related compound B and terbinafine, System
suitability solution

Tailing factor:  NLT 0.8 and NMT 1.5 for terbinafine, Standard solution
Relative standard deviation:  NMT 2.0% for terbinafine, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of terbinafine hydrochloride (C21H25N·HCl) in the portion of
Terbinafine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of terbinafine from the Sample solution
rS= peak response of terbinafine from the Standard solution
CS= concentration of USP Terbinafine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Terbinafine Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities 

Protect all solutions containing Terbinafine Hydrochloride from light.
Buffer, Solution A, Solution B, Solution C, Mobile phase, Diluent, System suitability

solution, and Chromatographic system:  Proceed as directed in the Assay.
Standard solution:  0.5 µg/mL of USP Terbinafine Hydrochloride RS in Diluent
0.5 µg/mL each of USP Terbinafine Hydrochloride RS, USP Terbinafine Related Compound A
RS, USP Terbinafine Related Compound B RS, USP Terbinafine Related Compound C RS, and
USP Terbinafine Related Compound D RS in Diluent

Sample solution:  0.5 mg/mL of Terbinafine Hydrochloride in Diluent
Sensitivity solution:  0.25 µg/mL of USP Terbinafine Hydrochloride RS in Diluent from the

Standard solution
System suitability 

Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.0 between terbinafine related compound B and terbinafine, System
suitability solution

Relative standard deviation:  NMT 10% for terbinafine, Standard solution
Signal-to-noise ratio:  NLT 10 for terbinafine, Sensitivity solution 

Calculate the signal-to-noise ratio:

Result = (2H)/h

H= measured height of the terbinafine peak
h= amplitude of the average measured baseline noise

Analysis 
Samples:  Standard solution and Sample solution

Identify the peaks based on their relative retention times as given in Table 2. 
Calculate the percentage of terbinafine related compound A, terbinafine related compound
B, terbinafine related compound C, and terbinafine related compound D in the portion of
Terbinafine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of terbinafine related compound A, terbinafine related compound B,
terbinafine related compound C, or terbinafine related compound D from the Sample
solution

rS= peak response of terbinafine related compound A, terbinafine related compound B,
terbinafine related compound C, or terbinafine related compound D from the Standard
solution

CS= concentration of USP Terbinafine Related Compound A RS, USP Terbinafine Related
Compound B RS, USP Terbinafine Related Compound C RS, or USP Terbinafine Related
Compound D RS in the Standard solution (µg/mL)

CU= concentration of Terbinafine Hydrochloride in the Sample solution (µg/mL)
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Calculate the percentage of each impurity
terbinafine dimer or any other individual impurity

in the portion of Terbinafine Hydrochloride taken:

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

rU = peak response of each
terbinafine dimer or any other individual

impurity from the Sample solution
rS = peak response of the terbinafine peak from the Standard solution
CS = concentration of USP Terbinafine Hydrochloride RS in the Standard solution (µg/mL)
CU = concentration of Terbinafine Hydrochloride in the Sample solution (µg/mL)
F = relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard any peak observed in the blank, and any peak less
than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

N-Methyl-C-(naphthalen-1-yl)methanamine
Terbinafine related compound Aa 0.1

1.7
— 0.1

trans-Isoterbinafinea

Terbinafine related compound Cb 0.92
1.0

— 0.1

cis-Terbinafineb

Terbinafine related compound Bc 0.94
1.0

— 0.1
Terbinafine 1.0 — —

4-Methylterbinafinec

Terbinafine related compound Dd 1.1
1.0

— 0.1
Terbinafine dimerd

e 1.7 2.5 0.05
Any other individual impurity — 1.0 0.1
Total impurities — — 0.3

a (2E)-N,6,6-Trimethyl-N-(naphthalen-2-ylmethyl)hept-2-en-4-yn-1-amine.
b (2Z)-N,6,6-Trimethyl-N-(naphthalen-1-ylmethyl)hept-2-en-4-yn-1-amine.
c (2E)-N,6,6-Trimethyl-N-[(4-methylnaphthalen-1-yl)methyl]hept-2-en-4-yn-1-amine.
d(2E,4E)-4-(4,4-Dimethylpent-2-ynylidene)-N1,N5-dimethyl-N1,N5-bis(naphthalen-1-

ylmethyl)pent-2-ene-1,5-diamine.

a  N-Methyl-1-(naphthalen-1-yl)methanamine, also known as N-methyl-C-(naphthalen-1-
yl)methanamine.

b  trans-Isoterbinafine or (E)-N,6,6-trimethyl-N-(naphthalen-2-ylmethyl)hept-2-en-4-yn-1-
amine.

c  cis-Terbinafine or (Z)-N,6,6-trimethyl-N-(naphthalen-1-ylmethyl)hept-2-en-4-yn-1-amine.
d  4-Methylterbinafine or (E)-N,6,6-trimethyl-N-((4-methylnaphthalen-1-yl)methyl)hept-2-en-

4-yn-1-amine.
e   (2E,4E)-4-(4,4-Dimethylpent-2-ynylidene)-N1,N5-dimethyl-N1,N5-bis(naphthalen-1-

ylmethyl)pent-2-ene-1,5-diamine.
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SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  to constant weight.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light. Store at

room temperature.

Change to read:

•  USP Reference Standards 11
USP Terbinafine Hydrochloride RS 
USP Terbinafine Related Compound A RS 

N-Methyl-C-(naphthalen-1-yl)methanamine. 
C12H13N·HCl      207.70

USP Terbinafine Related Compound B RS 
(2Z)-N,6,6-Trimethyl-N-(naphthalen-1-ylmethyl)hept-2-en-4-yn-1-amine. 
C21H25N·HCl      327.89

USP Terbinafine Related Compound C RS 
(2E)-N,6,6-Trimethyl-N-(naphthalen-2-ylmethyl)hept-2-en-4-yn-1-amine. 
C21H25N·HCl      327.89

USP Terbinafine Related Compound D RS 
(2E)-N,6,6-Trimethyl-N-[(4-methylnaphthalen-1-yl)methyl]hept-2-en-4-yn-1-
amine. 
C22H27N·HCl      341.92

BRIEFING

Thiotepa, USP 36 page 5378. As part of USP monograph modernization efforts, it is proposed to
make the following changes:

1. The test for Organic Impurities is adopted from the current monograph for Thiotepa in
the British Pharmacopoeia Volume I and II with modification of the Mobile phase
composition. The liquid chromatographic procedure in the test for Organic Impurities
is based on analyses performed with the Nucleosil C18 brand of L1 column. The
typical retention time for thiotepa is about 14.8 min.

2. The Chromatographic system in the Assay is revised to use the same system as that
used in the test for Organic Impurities, to make the system more operationally
efficient.

3. The second chemical name in the chemical information section is revised.

4. Identification test A using Infrared Absorption 197S  is replaced with Infrared

Absorption 197K  to eliminate the use of carbon disulfide. It is also proposed to
add Identification test B based on retention time agreement in the Assay.

5. The test for Melting Range or Temperature is deleted because the remaining tests
adequately establish identity, purity, and quality.

(SM3: F. Mao.)
Correspondence Number—C116669
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Comment deadline: July 31, 2013
Thiotepa

Change to read:

C6H12N3PS       189.22 

Aziridine, 1,1¢,1¢¢-phosphinothioylidynetris-;     
Tris(1-aziridinyl)phosphine sulfide
Tris(aziridin-1-yl)phosphine sulfide

     [52-24-4].

DEFINITION

Thiotepa contains NLT 97.0% and NMT 102.0% of thiotepa (C6H12N3PS), calculated on the
anhydrous basis.
[Caution—Great care should be taken to prevent inhaling particles of Thiotepa or exposing the
skin to it.]

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197S

197K
Sample solution:  7.5 mg/mL in carbon disulfide
Acceptance criteria:   Meet the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile and water (10:90)
System suitability solution:  Transfer 10 mg of USP Thiotepa RS to a 4-mL vial, and add

2 mL of methanol and mix. Add 50 µL of 0.1% phosphoric acid solution. Place a cap on

the vial, and heat at 65  for 50 s. Cool the solution, and add 1 mL of methanol, and mix.
Standard solution:  1.5 mg/mL of USP Thiotepa RS in Mobile phase
Sample solution:  1.5 mg/mL of Thiotepa in Mobile phase
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Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  215 nm
Column:  4-mm × 15-cm; packing L1
Flow rate:  0.8 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for thiotepa and methoxythiotepa are about 1.0 and

1.25, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between methoxythiotepa and thiotepa, System suitability
solution

Tailing factor:  NMT 1.8 for thiotepa, Standard solution
Column efficiency:  NLT 2600 theoretical plates, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Buffer:  13.6 g/L of monobasic potassium phosphate in water. Adjust with 35 g/L of
dibasic sodium phosphate to a pH of 7.0.
Mobile phase:  Acetonitrile and Buffer (13:87)
System suitability solution:  Transfer 10 mg of USP Thiotepa RS to a 4-mL vial, add 2

mL of methanol, and mix. Add 50 µL of 0.1% phosphoric acid solution. Place a cap on

the vial, and heat at 65  for 50 s. Cool the solution, add 1 mL of methanol, and mix.
[Note—The preparation generates methoxythiotepa.]

Standard solution:  1.5 mg/mL of USP Thiotepa RS in water
Sample solution:  1.5 mg/mL of Thiotepa in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  215 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for thiotepa and methoxythiotepa are about 1.0

and 1.3, respectively.]
Suitability requirements 

Resolution:  NLT 3 between methoxythiotepa and thiotepa, System suitability
solution

Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of thiotepa (C6H12N3PS) in the portion of Thiotepa taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of thiotepa from the Sample solution
rS= peak response of thiotepa from the Standard solution
CS= concentration of USP Thiotepa RS in the Standard solution (mg/mL)
CU= concentration of Thiotepa in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0% on the anhydrous basis

IMPURITIES

Add the following:
•  Organic Impurities

Buffer, Mobile phase, and System suitability solution:  Proceed as directed in the
Assay.

Peak identification solution:  Dissolve 15 mg of USP Thiotepa RS in 10 mL of water, add 1
g of sodium chloride, boil in a water bath for 10 min, and cool. [Note—The preparation
generates a chloro-adduct impurity.]

Standard solution:  3.5 µg/mL of USP Thiotepa RS in water
Sample solution:  3.5 mg/mL of Thiotepa in water
Chromatographic system:  Proceed as directed in the Assay, with a run time NLT 4 times

the retention time of the thiotepa peak.
System suitability 

Samples:  System suitability solution
[Note—The relative retention times for thiotepa and methoxythiotepa are about 1.0 and

1.3, respectively.]
Suitability requirements 

Resolution:  NLT 3 between methoxythiotepa and thiotepa, System suitability solution
Analysis 

Sample:  Standard solution, Peak identification solution, and Sample solution

Calculate the percentage of each impurity in the portion of Thiotepa taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of thiotepa from the Standard solution
CS= concentration of USP Thiotepa RS in the Standard solution (mg/mL)
CU= concentration of Thiotepa in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Thiotepa 1.0 —
Thiotepa chloroethyl analoga 3.75 0.15

Any individual unspecified impurity — 0.1
Total unspecified impurities — 0.2
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a  P,P-Bis(aziridin-1-yl)-N-(2-chloroethyl)phosphinothioic amide.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 52 –57  

•  Water Determination, Method I 921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store in a

refrigerator.

•  USP Reference Standards 11
USP Thiotepa RS 

BRIEFING

Thiotepa for Injection, USP 36 page 5378. As part of USP monograph modernization efforts, it
is proposed to make the following changes:

1. The Definition is revised to reflect the product available on the U.S. market. It does not
contain added substances.

2. Identification test A by Infrared Absorption 197S  is replaced with Infrared

Absorption 197K  to eliminate the use of carbon disulfide. Identification test B is
added based on the retention time agreement in the Assay.

3. The test for Organic Impurities is adopted from the current monograph for Thiotepa for
Injection in the British Pharmacopoeia Volume I and II with the modification of the
mobile phase composition. The liquid chromatographic procedure in the test for
Organic Impurities is based on analyses performed with the Nucleosil C18 brand of L1
column. The typical retention time for thiotepa is about 14.8 min.

4. The IR Assay is replaced with the same procedure as the test for Organic Impurities.

(SM3: F. Mao.)
Correspondence Number—C116670

Comment deadline: July 31, 2013
Thiotepa for Injection

DEFINITION

Change to read:

Thiotepa for Injection is Thiotepa, with or without added substances, that is suitable for
parenteral use. It

contains NLT 95.0% and NMT 110.0% of the labeled amount of thiotepa (C6H12N3PS).
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IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197S

197K
Sample solution:  7.5 mg/mL of thiotepa in carbon disulfide prepared as follows. Remove,

as completely as possible, the contents of NLT 20 containers of Thiotepa for Injection,
weigh, and mix. Transfer a weighed portion of the powder, equivalent to 75 mg of
thiotepa, to a suitable container. Extract with three 5-mL portions of carbon disulfide,
and filter the extract with the aid of a vacuum. Concentrate the combined filtrates under
vacuum to approximately 5 mL. Transfer the concentrated solution to a 10-mL volumetric
flask with the aid of a few mL of carbon disulfide, and dilute with carbon disulfide to
volume.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Diluent:  Carbon disulfide
Standard solution:  7.5 mg/mL of USP Thiotepa RS in Diluent
Sample solution:  7.5 mg/mL of thiotepa in carbon disulfide prepared as follows. Remove,

as completely as possible, the contents of NLT 20 containers of Thiotepa for Injection,
weigh, and mix. Transfer a weighed portion of the powder, equivalent to 75 mg of
thiotepa, to a suitable container. Extract with three 5-mL portions of Diluent, and filter
the extract with the aid of a vacuum. Concentrate the combined filtrates under vacuum
to approximately 5 mL. Transfer the concentrated solution to a 10-mL volumetric flask
with the aid of a few mL of Diluent, and dilute with Diluent to volume.

Spectrometric conditions 

(See Spectrophotometry and Light-Scattering 851 .)

Mode:  IR
Analytical wavelength:  10.75 µm
Cell:  0.1 mm
Blank:  Diluent

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Calculate the percentage of the labeled amount of thiotepa (C6H12N3PS) in the portion of
Thiotepa for Injection:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
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CS= concentration of USP Thiotepa RS in the Standard solution (mg/mL)
CU= nominal concentration of thiotepa in the Sample solution (mg/mL)

Buffer:  13.6 g/L of monobasic potassium phosphate in water. Adjust with 35 g/L of
dibasic sodium phosphate in water to a pH of 7.0.
Mobile phase:  Acetonitrile and Buffer (13:87)
System suitability solution:  Transfer 10 mg of USP Thiotepa RS to a 4-mL vial, add 2

mL of methanol, and mix. Add 50 µL of 0.1% phosphoric acid solution. Place a cap on

the vial, and heat at 65  for 50 s. Cool the solution, add 1 mL of methanol, and mix.
[Note—The preparation generates methoxythiotepa.]

Standard solution:  1.5 mg/mL of USP Thiotepa RS in water
Sample solution:  Nominally 1.5 mg/mL of thiotepa in water from Thiotepa for Injection
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  215 nm
Column:  4.6-mm × 15-cm; 5 µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for thiotepa and methoxythiotepa are about 1.0

and 1.3, respectively.]
Suitability requirements 

Resolution:  NLT 3 between methoxythiotepa and thiotepa, System suitability
solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of thiotepa (C6H12N3PS) in the portion of Thiotepa for
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of thiotepa from the Sample solution
rS= peak response of thiotepa from the Standard solution
CS= concentration of USP Thiotepa RS in the Standard solution (mg/mL)
CU= nominal concentration of thiotepa in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–110.0%

IMPURITIES

Add the following:
•  Organic Impurities

Buffer, Mobile phase, and System suitability solution:  Proceed as directed in the Assay.
Peak identification solution:  Dissolve 15 mg of USP Thiotepa RS in 10 mL of water, add 1
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g of sodium chloride, boil in a water bath for 10 min, and cool. [Note—The preparation
generates chloro-adduct impurity.]

Standard solution:  3.75 µg/mL of USP Thiotepa RS in water
Sample solution:  Nominally 3.75 mg/mL of thiotepa in water from Thiotepa for Injection.

Pass through a suitable filter, and use the filtrate.
Chromatographic system:  Proceed as directed in the Assay. In addition, the run time is

NLT 4 times the retention time of the thiotepa peak.
System suitability 

Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 3 between methoxythiotepa and thiotepa, System suitability solution
Analysis 

Samples:  Peak identification solution, Standard solution, and Sample solution

Calculate the percentage of each impurity in the portion of thiotepa taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of thiotepa from the Standard solution
CS= concentration of USP Thiotepa RS in the Standard solution (mg/mL)
CU= nominal concentration of thiotepa in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.1%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Thiotepa 1.0 —
Thiotepa chloroethyl analoga 3.75 0.15

Any individual unspecified impurity — 0.2
Total impuritiesb — 0.4

a  P,P-Bis(aziridin-1-yl)-N-(2-chloroethyl)phosphinothioic amide.

b  The impurity thiotepa chloroethyl analog is excluded.

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 6.25 USP Endotoxin Units/mg of thiotepa

•  Sterility Tests 71 : Meets the requirements

•  pH 791 : 5.5–7.5, in a solution constituted as directed in the labeling, containing 10
mg/mL of thiotepa

•  Completeness of Solution 641 : The contents of one container dissolved in Sterile
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Water for Injection, or other diluent as directed in the labeling, to obtain a solution
containing 3.75 mg/mL of thiotepa yields a clear solution.

•  Other Requirements: It meets the requirements for Injections 1 , Labels and Labeling.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids, and store in a refrigerator, protected from light.

•  USP Reference Standards 11
USP Endotoxin RS
USP Thiotepa RS 

BRIEFING

Tricitrates Oral Solution, USP 36 page 5472. The following revisions are proposed:
1. Omit the Identification test A flame test for sodium.
2. Revise Identification test B based on pyroantimonate precipitation for sodium to

reference Identification Test–General 191 .
3. Replace Identification test D with a retention time agreement from the Assay for Citric

Acid, eliminating the use of pyridine.

4. Add a reference to Spectrophotometry and Light-Scattering 851  in the Assay for
Sodium and Potassium to provide additional information for the atomic absorption
spectrophotometric procedure to the user.

5. Simplify the preparation of the Sample solution in the test for Content of Anhydrous
Citric Acid to provide the user flexibility in the initial concentration prepared.

(SM3: M. Puderbaugh.)
Correspondence Number—C127306

Comment deadline: July 31, 2013
Tricitrates Oral Solution

DEFINITION

Tricitrates Oral Solution is a solution of Sodium Citrate, Potassium Citrate, and Citric Acid in a
suitable aqueous medium. It contains, in each 100 mL, NLT 2.23 g and NMT 2.46 g of sodium
(Na), equivalent to NLT 9.5 g and NMT 10.5 g of sodium citrate dihydrate (C6H5Na3O7·2H2O);
NLT 3.78 g and NMT 4.18 g of potassium (K), equivalent to NLT 10.45 g and NMT 11.55 g of
potassium citrate monohydrate (C6H5K3O7·H2O); NLT 12.20 g and NMT 13.48 g of citrate
(C6H5O7) as sodium citrate and potassium citrate; and NLT 6.34 g and NMT 7.02 g of citric acid
monohydrate (C6H8O7·H2O). [Note—The sodium and potassium ion contents of Tricitrates Oral
Solution are each approximately 1 mEq/mL.]

IDENTIFICATION

Delete the following:

•  A. Identification Tests—General, Sodium 191 : It responds to the flame test. 

Change to read:
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•  B. Procedure

A. Identification Tests—General, Sodium 191
Sample:  2 mL Oral Solution
Analysis:  To the Sample solution, add 2 mL of a solution of anhydrous potassium

carbonate (15 in 100), boil, and cool. Add 4 mL of potassium pyroantimonate TS.
Acceptance criteria:  A dense precipitate is formed (presence of sodium).

Acceptance criteria:  Meets the requirements for the pyroantimonate precipitation

Change to read:
•  C.

B.
Sample solution:  Oral Solution (1 in 20)
Analysis:  Add 5 mL of sodium cobaltinitrite TS to 2 mL of Sample solution.
Acceptance criteria:  A yellow precipitate is formed immediately (presence of potassium).

Add the following:
•  C. The retention time of the citrate peak of the Sample solution corresponds to that of

Standard solution 1, as obtained in the Assay for Citric Acid. 

Delete the following:

•  D. Identification Tests—General, Citrate 191
Sample solution: 3–5 drops of Oral Solution and 20 mL of the mixture of pyridine and

acetic anhydride being used
Acceptance criteria: Meets the requirements

ASSAY

Change to read:
•  Sodium and Potassium

Sodium stock solution:  Transfer 14.61 g of sodium chloride, previously dried at 105  for 2
h, to a 250-mL volumetric flask, and dilute with water to volume.

Potassium stock solution:  Transfer 18.64 g of potassium chloride, previously dried at 105

 for 2 h, to a 250-mL volumetric flask, and dilute with water to volume.
Diluent:  Transfer 1.04 g of lithium nitrate to a 1000-mL volumetric flask, add a suitable

nonionic surfactant, then add water to volume. This solution contains 15 mEq of Li/1000
mL.

Standard solution:  Pipet 50 mL of Sodium stock solution and 50 mL of Potassium stock
solution into a 500-mL volumetric flask, and dilute with water to volume. Each mL of this
solution contains 0.1 mEq of sodium (Na) and 0.1 mEq of potassium (K). Transfer 50 µL of
this solution to a 10-mL volumetric flask, and dilute with Diluent to volume.

Sample solution:  Transfer a volume of Oral Solution, equivalent to 2 g of combined
citrates, to a 100-mL volumetric flask, and dilute with water to volume. Transfer 50 µL of
this solution to a 10-mL volumetric flask, and dilute with Diluent to volume.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)

Mode:  Atomic absorption spectrophotometry
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Analytical wavelengths 
Sodium emission line:  589 nm
Potassium emission line:  766 nm

Blank:  Diluent
Analysis 

Samples:  Standard solution, Sample solution, and Blank

Calculate the quantity, in g, of sodium (Na) in the portion of Oral Solution taken:

Result = (Ar/Mr) × (RU,Na/RS,Na) × (W/F)

Ar = atomic weight of sodium, 22.99
Mr = molecular weight of sodium chloride, 58.44
RU,Na= sodium emission reading from the Sample solution
RS,Na= sodium emission reading from the Standard solution
W = weight of sodium chloride in the Sodium stock solution, 14.61 g
F = conversion factor, 25

Calculate the quantity, in g, of potassium (K) in the portion of Oral Solution taken:

Result = (Ar/Mr) × (RU,K/RS,K) × (W/F)

Ar = atomic weight of potassium, 39.10
Mr= molecular weight of potassium chloride, 74.55
RU,K= potassium emission reading from the Sample Solution
RS,K= potassium emission reading from the Standard solution
W = weight of potassium chloride in the Potassium stock solution, 18.64 g
F = conversion factor, 25

Acceptance criteria:  2.23–2.46 g/100 mL of sodium and 9.5–10.5 g/100 mL of potassium

Change to read:
•  Citrate

Mobile phase, Standard solution 1, Chromatographic system, and System suitability:

 Proceed as directed in Assay for Citric Acid/Citrate and Phosphate 345 .
Sample solution:  Transfer 15 mL of Oral Solution into a suitable volumetric flask,
Transfer an appropriate volume of Oral Solution into a suitable volumetric flask,

and proceed as directed in Assay for Citric Acid/Citrate and Phosphate 345 , Assay
Preparation for Citric Acid/Citrate Assay.

Analysis:  Proceed as directed in Assay for Citric Acid/Citrate and Phosphate 345 ,
Procedure. 
Calculate the concentration, in g/100 mL, of citrate (C6H5O7) in the portion of Oral
Solution taken:

Result = [(rU/rS) × (CS/CU)  A(Mr1/Mr2)] × L

rU= citrate peak area from the Sample solution
rS= citrate peak area from the Standard solution 1
CS= concentration of citrate in Standard solution 1 (µg/mL)
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CU= nominal concentration of Sample solution
A = concentration of citric acid monohydrate determined in the Assay for Citric Acid

(mg/mL)
Mr1= molecular weight of citrate, 189.10
Mr2= molecular weight of citric acid monohydrate, 210.14
L = Oral Solution label claim (g/100 mL)

Acceptance criteria:  12.20–13.48 g/100 mL as sodium citrate and potassium citrate
•  Citric Acid

Sample solution:  Transfer 15 mL of Oral Solution into a 250-mL volumetric flask, and dilute
with water to volume.

Analysis:  Transfer 5 mL of the Sample solution into a suitable flask, and add 25 mL of
water and 5 drops of phenolphthalein TS. Titrate with 0.02 N sodium hydroxide VS to a
pink endpoint. Each mL of 0.02 N sodium hydroxide is equivalent to 1.401 mg of citric acid
monohydrate (C6H8O7·H2O).

Acceptance criteria:  6.34–7.02 g/100 mL

SPECIFIC TESTS

•  pH 791 : 4.9–5.4

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Citric Acid RS 
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Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

STIMULI TO THE REVISION PROCESS

This section may contain the following:

• reports or statements of Expert Committees

• original research reports

• evaluations of new and existing pharmacopeial methods

• commentaries

• articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.

Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:

Pharmacopeial Forum

Executive Secretariat, USP

12601 Twinbrook Pkwy.

Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Confirmation of Analytical Method Calibration Linearity

David LeBlond, Charles Y Tan, Harry Yang, USP Statistics Expert Committeea

ABSTRACT When analysts discuss linearity they actually are dealing with two concepts:
calibration linearity and relative accuracy. This Stimuli article defines and discusses these two
concepts and introduces two new approaches for confirming calibration linearity. The first
approach to establishing linearity uses the two one-sided test (TOST) of equivalence to
evaluate the bias that can result from approximating a quadratic analytical response with a
linear function. The second approach is based on a simple result of information theory, the
Akaike Information Criterion (AIC), which provides a simple expression that can be used to
select between competing models. The computations required with these new methods are
simple, and the new methods should replace older methods that that involve inappropriate
metrics or statistical tests. We recommend that these two new approaches to confirming
calibration linearity be included in a future USP informational chapter that describes statistical
tools for method validation.

1. INTRODUCTION 
For quantitative analytical methods, linearity is a required validation parameter, e.g., by

Validation of Compendial Procedures 1225 , ICH Validation of Analytical Procedures: Text
and Methodology Q2(R1), and CLSI Evaluation of the Linearity of Quantitative Measurement
Procedures: A Statistical Approach RP06-A (1–3). However, there are at least two different
types of linearity concepts that are not well differentiated in these guidance documents and in
the literature. This often leads to confusion. 
The first type of linearity refers to the calibration relationship between the instrument signal
and the known analyte concentration. As an integral part of a quantitative analytical method, a
prespecified data-processing procedure converts the instrument signal into a reported or
measured concentration for a test sample. Validation in the sense of this first type linearity is
the assessment of part of the data-processing procedure, namely, whether the calibration
relationship between instrument signal and analyte concentration is linear (within a certain
range). 
The second type of linearity refers to the relationship between the known and the measured
analyte concentration and essentially is relative accuracy: “if the true amount of an analyte in
a sample were to double, clinicians expect that would be reflected in a doubling of the
measured value” (3). Validation, in the sense of this second type of linearity, is the assessment
of the data-processing procedure as a whole in terms of an accuracy metric. 

Although 1225  now covers both kinds of linearity, the primary focus in 1225  and ICH Q2
is the first type of linearity, which can be called calibration linearity. However, CLSI EP06-A
focuses on the second type of linearity, which is relative accuracy. This is not an accident.

The primary intended targets for 1225  and ICH Q2 are analytical methods for
pharmaceutical products, and their basis for measurement is the physical or chemical property
difference between the analyte and a few other well-controlled and -understood compounds in
the product. On the one hand, analysts usually have samples with known concentration of an
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analyte in a matrix that is similar to a typical sample, and hence accuracy can be evaluated
directly and relative accuracy is not applicable. On the other hand, the primary intended
targets for CLSI EP06-A are analytical methods for human sera, and their basis for
measurement often is biochemical activity to which many different but similar entities in the
sera can contribute and with which other entities in the sera can interfere or can enhance. 
Generally, a serum-based sample matrix is much more complex and idiosyncratic than the
sample matrix present in the typical analytical procedure used to control or qualify a
pharmaceutical manufacturing product. With a serum-based sample matrix, it is impossible to
create standards with known concentrations in a matrix that is similar to a typical sample
because the sample matrix varies in important ways from sample to sample. Hence, accuracy
cannot be evaluated from standard calibration data alone. Assays intended for use on samples
whose matrix is serum or other biological-based fluids require both standards calibration data
and additional determinations of the effects of serum components on the accuracy of reported
analyte concentrations. 
Calibration linearity is the property of a standard reference material. In contrast, relative
accuracy depends on the sample matrix as well. The same basic assay, including the same
standard reference material, can be used to measure samples with different matrices, e.g.,
both as the ingredient or product from the final container and in-process samples. In these two
cases, there is no reason to expect that the calibration linearity would be different, but there is
reason to expect the accuracy may be different for these two types of sample matrices. Only
in the simplest case, i.e., when the standard matrix is identical to the sample matrix, is
evaluating calibration linearity essentially the same as evaluating accuracy. In most
applications, however, the matrices of samples and standard materials are not identical. So
calibration linearity should be evaluated differently, and before, accuracy. 
The application's context should drive the choices of statistical methods. After all, a right
answer to the wrong question is hardly helpful. In this article, we focus on calibration linearity

in the context considered by 1225  and ICH Q2, i.e., analytical methods for pharmaceutical
products and ingredients. Some elements of our approach can be adapted for relative accuracy
in the context considered by CLSI EP06-A. However, the detailed treatment of relative
accuracy is outside the scope of the current article. 
Linearity usually holds only over a specific range of analyte concentrations. We assume that
such a range has been proposed following assay development work. In this article, we focus on
statistical methods that demonstrate the calibration relationship is linear within such a
prespecified range. Statistical methods for determining this range based on development data
can be adapted from methods discussed here but also are outside the scope of the current
article. 
A linear relationship for calibration is widely used, and hence linearity is a common validation
parameter. However, when the calibration relationship between the instrument signal and the
analyte concentration is nonlinear, it is our opinion that the requirement of calibration “linearity”
is still relevant, and should be re-interpreted as a requirement to demonstrate the
appropriateness of the chosen calibration model (linear or nonlinear). For example, the
appropriateness of a 4 parameter logistic nonlinear relationship may be assessed by comparison
with other competing nonlinear models (e.g., a 5 parameter logistic model). However, we will
not discuss testing the appropriateness of nonlinear relationships and will focus on
demonstrating the appropriateness of linear relationships only. 
In the next section we review and critique some common current practices. In Section 3 we
propose two new methods for demonstrating calibration linearity. We recommend that these
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two new approaches to confirming calibration linearity be included in a future USP informational
chapter that describes statistical tools for method validation. In Section 4 we provide examples
to illustrate the two new approaches, and Section 5 provides a summary and discussion.

2. CURRENT PRACTICES 
The Pearson correlation coefficient is a widely used linearity indicator. However, it is actually
not an appropriate metric for this purpose. It is well known in the statistical literature that data
sets with very different patterns can have identical correlation coefficients (4). Van Loco et al.
(5) also pointed out that “a correlation coefficient very close to one might also be obtained
from an obviously curvilinear relationship,” because data with a large spread produce a
correlation coefficient that is close to one as long as the overall trend is monotonic (strictly
increasing or decreasing) even if the trend clearly exhibits visually curvilinear behavior. Hence,
it is impossible to set a threshold for the correlation coefficient above which linearity can be
convincingly established. 
A less common criterion is to require the correlation coefficient to attain statistical significance.
This actually is a weaker requirement than a fixed-correlation threshold. Here, “statistical
significance” means statistically different from 0. A relationship with a weak correlation, say
0.2, may attain statistical significance with sufficient sample size. 
Another common practice is to conduct a Lack-of-Fit (LOF) F test (5,6), where the LOF
deviation of observed data to the fitted line is compared to the variability among replicates at
the same concentrations. If the LOF deviation is statistically significantly larger than the
replicate variability, linearity is rejected. The first problem with this approach is that it cannot
even be calculated when there is no replication at the same concentrations, which is a rather
telling impediment. Intuitively, if one would like to demonstrate that the calibration relationship
is linear between 1 and 10 mg/mL, it is rather obvious that a design with 10 different
concentration levels, e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 mg/mL, with no replicate (design I)
should be more informative, in terms of linearity than a design with only 5 concentration levels,
e.g., 1, 3.25, 5.5, 7.75, and 10 mg/mL, with duplicates at each concentration (design II).
However, the LOF F test cannot even be calculated for design I. The second problem is that
the LOF F test requires the replicates at the same concentration to be independent
preparations. However, in practice replicates typically are simply the same solution injected in
duplicate (5) or dropped in adjacent wells. As the result, the calculated denominator of the F
statistics, which captures only instrument reading variability on identical solutions, is far smaller
than its intended target, which is the preparation-to-preparation variability. Hence, the LOF F
test tends to reject linearity more often than warranted. A third problem with the LOF F test is
that calibration studies are rarely properly powered for this test. Thus, depending on precision,
false positive or false negative rates may be excessive. 
Another problem with both the LOF F test and correlation coefficient is that both approaches
define their universe too broadly: linear plus all possible patterns that are not linear, including,
say, circular patterns. Because analysts are trying to establish linear calibration relationships
during assay validation, it is safe to assume that the relationship between the instrument signal
and the analyte concentration is at least close to monotonic. In such cases, significant
nonlinearity would have been ruled out during method development. 
We should narrow our universe and refine our task: To demonstrate linearity is to show, by a
certain evidential standard, that a linear (straight) line is preferred over a limited class of
monotonic curves. On this front, Mandel's test (5–7) certainly represents progress, although in
our experiences it is less widely used. Mandel's test also is an F test with the difference of
residual sum of squares between the linear and quadratic fits as the numerator and the residual
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variance of the quadratic fit as the denominator. 
The null hypothesis of Mandel's test is that the calibration relationship is linear, and the
alternative hypothesis is that the relationship is curved. So this approach relies on the failure
to reject the null hypothesis to conclude linearity. Like all hypothesis testing, the null
hypothesis, i.e., linearity in this case, gets the benefit of the doubt. In other words, when the
evidence is ambiguous, this approach errs on the side of concluding linearity. In our opinion this
implied evidential standard is too low for validation purposes. As with the LOF F test discussed
above, methods with good precision may be “penalized” with a high false positive rate. This
approach thus encourages fewer and more noisy data because it is easier to conclude linearity
under these circumstances. In the next section, we adopt the narrower universe of Mandel's
test and propose two new approaches that are based on higher evidential standards. 
Of course, there are other less common methods in the literature for establishing linearity, such
as the quality coefficient (5) and the Mark–Workman test (6,8). However, they suffer
deficiencies similar to those of the methods discussed above. It is worth noting that Liu and
Hsieh (9) tried to apply a higher evidential standard using a number of novel metrics.
Unfortunately, their metrics are based on the signal, rather than the concentration, scale.
Signal scale units can vary from technology to technology. Hence, it is impossible to set
uniform or fit-for-purpose acceptable limits using this approach. Furthermore, their metrics are
quite complicated, and it is difficult to make the link between acceptable limits and practical
effects. One of the approaches we introduce below is essentially applying a higher evidential
standard for reported concentration. 
Visual examination or inspection of the raw data is mentioned in all three guidance documents
for linearity. Residual plots have been found useful (5,6). Among current practices, visual
examination remains the most reliable method for linearity. However, validation is a regulated
confirmatory exercise, and a well-defined evidential standard with interpretable metrics is more
useful to practitioners.

3. NEW APPROACHES 
In this section we describe two approaches that can be used to establish linearity based on
two different evidential standards. We show how to demonstrate linearity by comparing it to a
quadratic model. The quadratic model is the simplest curved model and is the first nonlinear
term in the series expansion of any monotonic curved model, and therefore it serves as the
simplest curved model against which a linear model can be compared. The goal is not to
propose the enlarged model as the proper calibration model but to confirm that the simpler
model is acceptable within the given range of analyte concentrations. We also demonstrate
how to compare a proportional model to a linear model to determine if the simplified proportional
model is appropriate for an analytical method. When a proportional model is appropriate, the
calibration process is simplified. 
The first approach to establishing linearity uses the two one-sided tests (TOST) test of
equivalence to evaluate the bias that can result from approximating a quadratic analytical
response with a linear function. If the bias thus introduced is within the acceptable bias for the
method, then it has been demonstrated that the linear model is suitable for the method's
intended purpose. The second approach is based on a simple result of information theory, the
Akaike Information Criterion (AIC), that provides a simple expression that can be used to select
between competing models. 
Two parameters, slope and intercept, are needed to specify a typical linear relationship.
However, there is a stricter and narrower version of linearity that requires only one descriptive
parameter. This is appropriate when the instrument signal is proportional to the analyte
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concentration. This special kind of linearity is referred to here as proportionality. 
The difference between linearity and proportionality has a direct bearing on how calibration can
be performed in routine runs of the assay. If the calibration relationship is linear, a set of
multiple reference standard points should be included in each run. If the calibration relationship
is proportional, however, only a single reference standard point is needed for each run. High-
performance liquid chromatography is a common analytical method for quantitating active
ingredients in small-molecule pharmaceutical products. The usual way to quantitate the mass in
a test sample is to test the sample along with a single reference standard with known mass of
active ingredient and to use the formula

sample mass = (standard mass) · (sample peak area)/(standard peak area)

which assumes the peak area is proportional to mass. This assumed proportionality should be
demonstrated during validation (with multiple reference standard points in multiple runs). 
In addition to specifying the mean model, such as proportional, linear, or quadratic, a proper
statistical model also should specify its noise structure. The simplest proportional model is

y = 1propx + (1)

where y is instrument signal, 1prop is a slope coefficient, x is analyte concentration, and  is

normally distributed with mean 0 and (constant) variance 2. We use the prop subscript to
indicate that the parameter is associated with a proportional model. However, there is another
model that also can be called a proportional model:

log(y) = 0prop + log(x) + (2)

Exponentiation of both sides of (2) yields y = e 0propxe  = 1propx(1 + ). The only difference

between (1) and (2) is that the error or noise term (  or 1 +  respectively) is additive in (1)
and multiplicative in (2). Note that both models have only one parameter in the mean model:

the slope ( 1prop) in the x and y relationship in (1) or the intercept ( 0prop) in the log x and log
y relationship in (2). 
In typical applications, the variability of an instrument signal tends to increase with level, so a
multiplicative error or noise structure, such as (2), is more realistic when the analyte
concentration could differ by several magnitudes. However, within a short range (1) is a
reasonable approximation. For example, small-molecule pharmaceutical products typically are
manufactured to several strength levels (in tablets or capsules), and the strength levels form a
geometric (often doubling) series. If the intended use of the assay is to quantitate the active
ingredient for lots at a single strength, proportionality in the form of (1) within 70%–130% of
the strength level likely is sufficient. If the intended use of the assay is to quantitate the
active ingredient for lots at several strength levels, proportionality in the form of (2) from 70%
of the lowest strength to 130% of the maximum strength is needed. 
A more general alternative for (1) is

y = 0str + 1strx + (3)

We use the str subscript to indicate that a parameter is associated with a straight-line model.
A more general alternative for (2) is

log(y) = 0str + 1strlog(x) + (4)
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They are both linear models but at different scales. To demonstrate proportionality, we
compare (1) to (3) or compare (2) to (4). To establish linearity, we compare (3) to the
following quadratic model:

y = 0quad + 1quadx + 2quadx2 + (5)

We use the subscript quad to indicate a parameter associated with a quadratic model. In this

article, we focus on the case that  has constant variance 2. For the more realistic case

where 2 increases with E(Y), proper weighting is needed. But the details of weighted
analysis are not discussed here.

3.1 Two One-Sided Tests (TOST) for Estimated Calibration Error 
Approximating model (5) with model (3) or model (3) with model (1) results in bias in reported
concentrations of unknown samples. It is assumed that the allowable bias due to such an
approximation has been defined across the method's reportable range before validation in the
analytical target profile. We are concerned with estimating the magnitude of this bias from the
validation data set and with using the logic of a two one-sided test (TOST) of equivalence in
choosing an appropriate calibration model from between the two candidate models.

3.1.1 Bias Associated with Approximating Model (5) with Model (3) 
It is convenient for the derivations of this section to define x as the deviation in analyte
concentration from the average of the N standard concentration values. We first assume that
the N concentration values are symmetrically arranged (bias assessment for the general case
without this assumption will be presented in a later section). For example, our validation data
set may consist of N = 5 concentrations: 50, 80, 100, 120, and 150 with corresponding x

values of 50, 20, 0, + 20, and + 50. In this case, the sum of N  x values and the sum of
the x3 values both equal zero. This leads to the following simplified least-squares estimates of

the s:

To simplify notation, we omit subscripts on x and y above and take summations to be over the
N individual variables in the validation data set. 
We define the bias in the response (y) at a given x0 due to approximating a true quadratic
model (5) with a straight-line model (3) as

An estimate for biasy can be obtained from the least-squares estimates (6) to (9) as
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Reference to the geometry of Figure 1 suggests that we express bias in the concentration
direction as

Figure 1. Bias associated with approximating model (5) with model (3).

suggesting an estimate for biasx of

Assuming that errors in measurement of the response (y) values are normally and independently

distributed with constant variance, we note that the quantity will
be normally distributed with mean 0. Under these conditions, Fieller's theorem (10) can be used

to obtain a confidence interval (CI) for biasx. Let be the sampling

variances of  and their covariance, respectively, estimated from a

least-squares fit of the validation y, x data to model (5) having mean squared error s2 with N 
3 degrees of freedom. Then, applying the notation of reference 1,

and a 90% CI for biasx at x0 can be taken as:

This CI can be compared with the allowable concentration bias limits provided as input to the
validation trial. Model (3) can judged to be an acceptable approximation to model (5) if the CI
given by equation (17) is completely contained within the allowable bias limits as x0 varies
across the method's reportable concentration range.
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3.1.2 Bias Associated with Approximating Model (3) with Model (1) 
When model (1) is being considered as an approximation to model (3), the objective usually is
to justify a single-point calibration. Figure 2 illustrates the resulting biasx in reported
concentration.

Figure 2. Bias associated with approximating model (3) with model (1).

In comparing model (3) with model (1), we relax the requirement for centered concentrations
used in the section above to simplify the exposition. So in the derivations below, x = analyte
concentration. 
The expected biasx is 0 when the true concentration x0 is equal to the concentration of the
known single-point standard, xstd. This corresponds to point A in Figure 2. The straight-line
calibration model (3) crosses the concentration (x) axis at point E whereas the approximate
proportional model (1) passes through the origin, point F. This results in a nonzero biasx at any
given x0, not equal to xstd. Recognition that the triangles identified by ABCD and AEFG are
congruent leads to the following relationship:

or

Rearranging equation (18) to express 0str/ 1str as a function of biasx, we have:

Taking

as an estimate of the coefficient ratio and assuming that errors in measurement of the
response (y) values are normally and independently distributed with constant variance, we note

that the quantity is normally distributed with mean 0. Under these
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conditions, Fieller's theorem (10) can be used to obtain confidence limits for 0str/ 1str. Let 

be the sampling variances of and their
covariance, respectively, estimated from a least-squares fit of the validation y, x data to model

(3) having mean squared error s2 with N  2 degrees of freedom. Then, applying the notation
of reference 1,

and a 90% CI for the mean coefficient ratio at x0 can be taken as:

Combining equations (19) and (24), we obtain

which implies that the limits of an exact 90% CI for biasx are

As with equation (17), the CI given in equation (26) can be compared with the allowable
concentration bias limits provided as input to the validation trial. Model (1) can be judged to be
an acceptable approximation to model (3) if the CI given by equation (26) is completely
contained within the allowable bias limits as x0 varies across the method's reportable
concentration range.

3.1.3 Biases Associated with Approximating Model (5) with Model (3), Model (3) with
Model (1), and Model (4) with Model (2) Under General Conditions of Experimental
Design 
The previous sections developed a TOST method to evaluate the bias associated with either
approximating model (5) with model (3) or model (3) with model (1). The derivation of the 90%
two-sided CI of biasx in comparing model (5) with model (3) was facilitated by an assumption
that the N concentration values are symmetrically spaced. Although this assumption helps
simplify and facilitate the introduction of the method for comparing model (5) with model (3), it
is not necessarily required. Without this assumption, based on the geometry of Figure 1 it can
be readily shown that biasx(x0) at a given concentration x0 in association with approximating
model (5) with model (3) is given by

where
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µstr(x0) = 0str + 1strx0

µquad(x0) = 0quad + 1quadx0 + 2quadx2
0

Note that

where are least-squares estimates (LSEs) of the model parameters

0str, 1str, 0quad, 1quad, 2quad obtained under the general condition of experimental design.
Because the LSEs are normally distributed, Fieller's method can be used to construct a two-
sided 90% CI for biasx(x0) in the manner described in the previous sections. 
The derivation of the 90% CI for biasx(x0) in comparing model (3) with model (1) did not invoke
an assumption of symmetric spacing assumption of the concentration levels. Consequently, the
90% CI takes the same form as that in equation (26) with all the parameters estimated in
equations (20–22) being replaced by their corresponding LSEs obtained under the general
conditions of the experimental design. 
A TOST test also can be constructed to assess the effect of approximating model (4) with
model (2). Here we do not invoke an assumption of symmetric spacing of the concentration
levels. Based on the geometry of Figure 3, biaslogx(x0) at a given concentration x0 in
association with approximating model (4) with model (2) is given by

where

prop(x0) = 0prop + log(x0)

str(x0) = 0str + 1strlog(x0)

Figure 3. Bias associated with approximating model (4) with model (2).

Many commonly used experimental designs for linearity confirmation are not covered in this
article. For instance, it is common to employ multiple analytical calibrations. Typically, each
calibration consists of a set of standards grouped into a single run. If the method is such that
run-to-run variation makes a significant contribution to the total variation in the measurements,
then the measurements are not independent and a mixed-model analysis may be needed to
estimate the model parameters and their variances and covariances. In such cases, the
estimated variances and covariances still can be considered at least approximately valid for the
TOST test as described above. By replacing parameters in (28) by their respective LSEs, one
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can construct a two-sided 90% CI using Fieller's method. Exponentiation of the lower and upper
limits results in a two-sided CI of the bias on the original scale.

3.2 Akaike Information Criterion (AIC) Based Approach 
The TOST approach above uses the framework of hypothesis testing with a “practically
important difference existing between the two models” as the null hypothesis and “no
practically important difference” as the alternative hypothesis (11). As is the case with all
approaches based on hypothesis testing, the null hypothesis receives the benefit of the doubt
when the evidence is ambiguous. In the present context, this means that we can conclude
that there is no practically important difference between the two models, and hence the
simpler model is preferred only when the evidence for no practically important difference is
“beyond reasonable doubt.” This is the highest evidential standard in statistics. In contrast,
the evidential standard implied by traditional F tests or the classic P value of correlation
coefficient is much lower. 
The approach of section 3.1 rewards large sample size and less noisy data. In fact, it provides
a way to power a study once the criteria for “practically important difference” are set and
variability is known. The primary difficulty in applying this approach in practice is that it is not a
trivial task to set the criteria for “practically important difference” and to convince others,
including regulatory agencies, that the choices made are reasonable. If the criteria are set too
loose, even with the higher evidential standard it would be too easy to conclude linearity. If
the criteria are set too tight, resources and time may be wasted. 
There are good reasons to think that “beyond reasonable doubt” may be too high an evidential
standard for calibration linearity in many situations. Not all validation parameters demand the
same burden of proof. Accuracy and precision are top-line assay-performance metrics that
assess the assay as a whole and are easier to link with a particular intended use. Calibration
linearity, in contrast, assesses only part of the data-processing procedure. Furthermore, the
calibration model depends far more on underlying technology than its connection with the
intended use of a particular assay. Currently, we often choose a calibration model based on
past experiences with the same or similar technology. 
In our opinion, accuracy and precision are the top-tier validation parameters so that they
deserve both the extra effort to define acceptance criteria based on the assay's intended use
and the resources to properly power the validation experiment. For second-tier validation
parameters such as calibration linearity, a lesser evidential standard may be sufficient. 
The alternative approach is based on the principle of parsimony, which means “the smallest
possible number of parameters for adequate representation of the data” (12). The Akaike
information criterion (AIC) was developed for model selection based on Kullback–Leibler
information loss. “There is a clear philosophy, a sound criterion based in information theory, and
a rigorous statistical foundation for AIC” (13). 
Because the sample size in a validation experiment may not always be very large, we adopt the
second-order information criteria, also known as AICc, as our metric for model parsimony. For
least-squares regression, AICc is simply

where N is the total number of data points, K is the total number of estimated regression

parameters (including 2, the population pure error variance), and 
, i.e., the residual sum of squares (or SSE) divided by the total number of data points. The
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model with the smaller AICc is the more parsimonious model and hence is preferred. 
It is a general fact that a more complex, hence more flexible, model, i.e., a model with more

parameters, produces a smaller . However, at the same time AICc
also penalizes the more complex model because of the latter's increased K. In other words,
AICc balances better fit with the simplicity of the model. 
Assume a total of r calibration runs and ni data points for each run. Of course, 

 
Then K = r + 1 for models (1) and (2); K = 2r + 1 for models (3) and (4); and K = 3r + 1 for
model (5). 
We would conclude proportionality if AICCc(1) < AICc(3), where from equation (29),

and

Or alternatively we may conclude proportionality if AICCc(2) < AICc(4), where

and

We would conclude linearity if AICc(3)<AICc(5), where

4. EXAMPLES 
To illustrate the TOST and AICc approaches described in the previous sections, this section
presents simple examples that employ only a single calibration run. In this case all replicate
measurements are taken to be independent. With this assumption, simple regression methods
are sufficient. As noted at the end of section 3.1, it is common to employ multiple calibration
runs in linearity-confirmation experiments. If run-to-run variance is appreciable, more complex,
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mixed-model approaches are needed for analysis. In such cases the resulting asymptotic
variances and covariance estimates still may be appropriate for use in making the TOST
comparisons.

4.1 Testing for Concentration Bias due to Approximating Model (5) with Model (3)

4.1.1 TOST Test Comparison of Models 5 and 3 
Consider the calibration data given in Table 1.

Table 1. Calibration data used to compare models 5 and 3.

True
Concentration

Centered
Concentration 

(X)
Observed
Response

Predicted by
Model (5) Residual

0 50 11.50 8.63 2.87

0 50 8.32 8.63 0.31

0 50 7.36 8.63 1.27

25 25 44.79 45.79 1.00

25 25 43.93 45.79 1.86

25 25 46.25 45.79 0.46

50 0 77.86 75.05 2.81
50 0 73.77 75.05 1.28

50 0 73.03 75.05 2.02

75 25 99.11 96.42 2.69
75 25 98.15 96.42 1.73
75 25 95.04 96.42 1.38

100 50 109.59 109.90 0.31

100 50 110.26 109.90 0.36
100 50 108.40 109.90 1.50

Assume that the method must maintain absolute bias below 10 over the range of
concentrations from 0–100. A simple linear regression of these data to model (3) produces the
following results:

s = 1.89

parameter estimates:

0quad = 75.05 

1quad = 1.0126 

2quad = 0.00631

estimated sampling variances (from covariance matrix of quadratic parameters):
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2
0quad = 0.578 

2
1quad = 0.0001903 

2
2quad = 0.00000022 

2
12quad = 0

other required constants:

tN–3,0.95 = 1.782 (with N = 15) 

x2 = 1250

To obtain the required 90% CI, at a given concentration, first express that concentration in
centered units. For example, we see from Table 1 that at a concentration of 50, x0 = 0. These
quantities are substituted into equations (13) to (16) to obtain estimates of mstr (= 7.792),

s2v11 (= 0.3399), s2v22 (= 0.0001904), and s2v12 (= 0), respectively. Then these quantities are
substituted into equation (17) to obtain the 90% CI for bias (= 6.75–8.84) at a concentration
of 50. These calculations may be repeated over a range of concentrations to obtain a plot of
bias as a function of concentration such as shown in Figure 4. 
From Figure 4 it is evident that the 90% CI for concentration bias remains within ±10% over
the concentration range of interest (0–100). Because this is within the required bias for the
method, model (3) can be judged an acceptable approximation to model (5).

Figure 4. Concentration bias caused by approximating model (5) with model (3).

4.1.2 AICC Comparison of Models 5 and 3 
Here we consider the data set in Table 1 above, recognizing that there is only r = 1 calibration
run that contains n = N = 15 independent calibrator tests. For models 3 and 5, K = 3 and 4,
respectively. We find by simple linear regression that SSE = 696.78 and 42.8 for models 3 and
5, respectively. Applying equations (31) and (34) yields AICc(3) = 65.8 and AICc(5) = 27.7. By
the AICc criteria, model (5) (the quadratic model) is a more parsimonious calibration model than
is model (3).

4.2 Testing for Concentration Bias Caused by Approximating Model (3) with Model (1)

4.2.1 TOST Test Comparison of Models 3 and 1 
Consider the calibration data in Table 2.

Table 2. Calibration data used to compare models 3 and 1

True
Concentration 

(X)
Observed
Response

Predicted by
Model (3) Residual
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0 3.10 5.01 -1.90
0 4.57 5.01 -0.44
0 5.95 5.01 0.94
25 29.96 29.48 0.48
25 31.21 29.48 1.73
25 32.22 29.48 2.74
50 51.60 53.96 -2.36
50 51.79 53.96 -2.17
50 52.13 53.96 -1.83
75 77.31 78.44 -1.13
75 83.15 78.44 4.71
75 78.36 78.44 -0.08
100 101.52 102.91 -1.39
100 104.67 102.91 1.76
100 101.86 102.91 -1.05

Assume that the method must maintain absolute bias below 10 over the range of
concentrations from 0–100 and that a single-point calibration with a standard of concentration
100 (= xstd) is desired. 
A simple linear regression of these data to model (3) yields the following estimates:

s = 2.12

parameter estimates:

b0str = 5.007 
b1str = 0.979

estimated sampling variance of model parameters:

2
0str = 0.9026 

2
1str = 0.00024 

2
01str = - 0.01203.

The following intermediate statistics were calculated to obtain the 90% CI for bias in
concentration using Fieller's method:

tN-2,0.95 = 1.771 (with N = 15) 
mlin = 5.114 from equation (20) 

s2v11 = 0.9026 from equation (21) 

s2v22 = 0.00024 from equation (22) 

s2v12 = -0.01203 from equation (23)

90% CI for parameter ratio from equation (24)
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(b0str/b1str)L = 3.277 
(b0str/b1str)U = 6.952.

Substituting the above quantities into equation (26) over a range of concentrations provides a
bias profile such as shown in Figure 5. 
From Figure 5 it is evident that the 90% CI for concentration bias remains within ±10% over
the concentration range of interest (0–100). Because this is within the required bias for the
method, model (1) can be judged an acceptable approximation to model (3).

Figure 5. Concentration bias caused by to approximating model (3) with model (1).

4.2.2 AICc Comparison of Models 3 and 1 
Here we consider the data set in 4.2.1 above, recognizing that there is only r = 1 calibration
run that contains n = N = 15 independent calibrator tests. For models 1 and 3, K = 2 and 3,
respectively. We find by simple linear regression that SSE = 184.0 and 58.7 for models 1 and 3,
respectively. Applying equations (30) and (31) yields AICc(1) = 42.6 and AICc(3) = 28.6. By the
AICc criteria, model (3) (the straight-line model) is a more parsimonious calibration model than
is the proportional model (1).

5. DISCUSSION 
We introduce here two new approaches for confirming calibration linearity: A TOST-based and
an AIC-based approach. The computations required with these new methods are simple, and
the new methods are more appropriate than traditional methods that involve inappropriate
metrics or statistical tests. 
In both examples given, the decision obtained using AICc is different than that obtained using
the TOST approach, with the TOST, but not the AICc, approach confirming the simpler model.
There is no assurance that the TOST and AICc approaches will lead to the same model choice.
Even though the TOST-based approach is based on a higher evidential standard than is the
AIC-based approach, the answer to the practical question of which approach is more strict
depends on the choice of the criteria for “practically important difference.” The basic
philosophical difference between the two approaches is that TOST assesses the calibration
linearity from the perspective of its effect on reported concentration, i.e., whether the simpler
model is good enough. In contrast, the AIC-based approach assesses the calibration linearity
purely from an empirical point of view, i.e., whether or not the simpler model is more
parsimonious for the experimental data. 
These newer approaches may be extended to more complex models. For instance if the
intended model is quadratic, it would be compared to a polynomial with a 3rd order, a slightly
enlarged model. We do not recommend applying these approaches in a stepwise manner in a
final validation setting. For instance, performing consecutive TOST tests to first confirm
linearity and then proportionality would violate assumptions of independence. However in
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exploratory or prevalidation applications aimed at proposing a calibration model and applicable
range, a consecutive application may prove useful. 
Caution is advised when applying these methods to transformed analyte concentration or
instrument signal scales. For instance, AICc on different scales cannot be compared directly. 
We recommend that these two new approaches to confirming calibration linearity be included in
a future USP informational chapter that describes statistical tools for method validation.
Comments from readers regarding these approaches, such as their appropriateness, ease of
use, need for additional guidance such as sample size or power tables, or other aspects of
practical application would be appreciated.

REFERENCES

1. USP. USP 36–NF 31, Validation of Compendial Procedures <1225>. Rockville, MD: USP;
2013:983–988.

2. ICH. Validation of analytical procedures: text and methodology Q2(R1). 2005.
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf.
Accessed 27 November 2012.

3. Clinical and Laboratory Standards Institute. EP06-A02 Evaluation of the linearity of
quantitative measurement procedures: a statistical approach. 2003.
http://www.techstreet.com/standards/clsi/ep06a?product_id=1277866. Accessed 27
November 2012.

4. Anscombe FJ. Graphs in statistical analysis. Am Stat. 1973;27(1):17–21.
5. Van Loco J, Elskens M, Croux C, Beernaert H. Linearity of calibration curves: use and

misuse of the correlation coefficient. Accred Qual Assur. 2002; 7:281–285.
6. Bruggemann L, Quapp W, Wennrich R. Test for nonlinearity concerning linear calibrated

chemical measurements. Accred Qual Assur. 2006; 11:625–631.
7. Mandel J. (1964) The Statistical Analysis of Experimental Data. New York: Wiley; 1964.
8. Mark H, Workman J., Chemometrics in Spectroscopy, Linearity in Calibration: How to

Test for Non-linearity, Spectroscopy 2005; 20(9):26–35
9. Liu J, Hsieh E. Evaluation of linearity in assay validation. In: Encyclopedia of

Biopharmaceutical Statistics. 2nd ed. London: Informa Healthcare; 2010:467–474
10. Finney DJ. Statistical Method in Biological Assay. 2nd ed. London: Charles Griffin;

1964:27–29.
11. Berger RL, Hsu JC. Bioequivalence trials, intersection-union tests and equivalence

confidence sets. Stat Sci. 1996:11(4):283–319.
12. Burnham KP, Anderson DR. Model Selection and Multimodel Inference: A Practical

Information–Theoretic Approach. 2nd ed. New York: Springer; 1998:31.
13. Burnham KP, Anderson DR. Multimodel inference: understanding AIC and BIC in model

selection. Sociol Meth Res. 2004; 33(2):261–304.

a  Correspondence should be addressed to: Horacio Pappa, PhD, Principal Scientific Liaison, US Pharmacopeial
Convention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; 301.816.8319; e-mail hp@usp.org.

PF 39(3): May-Jun. 2013 466



STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Product Quality and Product Performance General Chapters

Vinod P Shah, PhD,a Anthony J DeStefano, PhD, Srini V Srinivasan, PhD, Roger L Williams, MD,
US Pharmacopeial Convention

ABSTRACT This Stimuli article reviews five planned or completed USP general chapters that
can be called out in individual drug product monographs. The five general chapters link with
USP's taxonomy for pharmaceutical dosage forms. This taxonomy describes five routes of
administration (injection or parenteral; gastrointestinal or oral, topical (dermal and
transdermal); mucosal; and lungs or inhalational. The five general chapters provide critical
quality attributes that are divided into product quality tests and product performance tests.
Product quality tests assess physical, chemical, and microbial attributes. Product performance
tests assess drug release from the dosage form. Taken together, the tests help ensure
identity, strength, quality, and purity of a dosage form.

INTRODUCTION 

In 2003 USP finalized a taxonomy for pharmaceutical dosage forms (1) in order to provide:
a uniform way of categorizing pharmaceutical dosage forms
a tool for finding information and linking specific dosage form monographs and general
chapters
a rational linkage between dosage forms and their compendial specifications
a linkage between dosage form drug substance(s) and therapeutic use.

The taxonomy is based on three tiers. The first tier delineates the dosage forms according to
five routes of administration. The second tier indicates dosage form physical properties, i.e.,
solid, semisolid, liquid, gas, or aerosol, and/or dosage form types, e.g., tablets or creams. The
third tier indicates release properties, e.g., immediate release or modified release, including
delayed- or extended-release products. The taxonomy allows any dosage form to be
unambiguously identified, drawing on terms from each tier: [drug substance] [route of
administration] [physical state] and [release pattern]. One of the five planned or completed
general chapters is intended to be called out in an individual drug product monograph, with the
monograph and general chapter, taken together, providing a complete set of tests, procedures
and acceptance critiera to assure the quality of the specified dosage form. 
Critical quality attributes are divided into product quality tests and product performance tests.
Product quality tests assess physical, chemical, and microbial attributes. Product performance
tests typically assess in vitro drug release. General approaches that link in vitro performance
tests with establishment of bioavailability or documentation of bioequivalence are considered in

Assessment of Drug Product Performance—Bioavailability, Bioequivalence, and Dissolution 

1090 . When documentation of bioavailability or bioequivalence is less certain, USP Medicines
Compendium general chapter Drug Product Performance <12> is available. 
Each product quality general chapter follows the same format, including an introduction,
universal product quality tests, and product-specific tests appropriate for the dosage forms
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associated with the particular route of administration. To the extent possible, the product
quality chapters follow the testing and nomenclature contained in the ICH Q6A guideline. Each
product quality chapter includes a brief description of the product quality tests and product
performance tests to emphasize the existence of and distinctions between the two tests. The
general chapters provide a “pick list” of validated procedures appropriate to a specified dosage
form. At times, the chapters may contain insufficient tests for any particular article, and in
some cases may contain tests that do not necessarily apply. Case by case resolution will be

needed in these instances. In some cases (e.g., Injections 1 ) the general chapter discusses
dosage forms for which USP currently has no monographs. 

Following completion of an overarching general chapter titled Pharmaceutical Dosage Forms 

1151  (see Table 1), the General Chapters—Dosage Forms Expert Committee formed several

Expert Panels to develop general chapters 1  through 5  and additional chapters as
needed. The work of the Expert Committee and Panels is summarized in Table 1, which
indicates the status of the general chapters, publication in Pharmacopeial Forum for public
comments, official status, and whether a workshop is planned or has occurred.

1. INJECTIONS AND IMPLANTED DRUG PRODUCTS (PARENTERALS) 

Injections and Implanted Drug Products (Parenterals)—Product Quality Tests 1 : This
general chapter includes universal product quality tests for all parenteral products and dosage-
form specific product quality tests. Different dosage forms discussed in this chapter include
solutions, suspensions, emulsions, powders for injection, microparticles, liposomes, in situ gels,
implants, stents, and drug-eluting stents. General chapter Injections and Implanted Drug

Products (Parenterals)—Product Performance Tests 1001  describing the performance tests
for injections and implanted drug products is under development.

2. ORAL DRUG PRODUCTS 

Oral Drug Products—Product Quality Tests 2 : This general chapter includes product quality
tests for oral drug products: universal tests, specific tests for solids, additional tests for
specific types of solid dosage forms (e.g., uncoated tablets; buccal and sublingual
preparations; coated, conventional-release, and modified-release tablets; capsules; granules;
and powders) and specific tests for liquids and types of liquid dosage forms. General chapters

Disintegration Test 701 , Dissolution Performance Test 711 , and Drug Release 724
describe disintegration and dissolution test procedures for product performance tests.

3. TOPICAL AND TRANSDERMAL DRUG PRODUCTS 

Topical and Transdermal Drug Products—Product Quality Tests 3 : This general chapter
includes universal and specific product quality tests for topically applied drug products,
including tests for ophthalmic products, topically applied semisolid drug products, transdermal
drug delivery systems, and content uniformity tests for semisolids in tubes and jars. Product

performance tests for transdermal drug products are discussed in general chapter 724 .

Semisolid Drug Products—Performance Tests 1724 , which discusses in vitro drug release of
semisolid dosage forms (creams, ointments, and gels), is under development.

4. MUCOSAL DRUG PRODUCTS 

Mucosal Drug Products—Product Quality Tests 4 : This general chapter includes universal
and specific product quality tests for mucosal drug products, including universal tests and
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specific tests for otic, ophthalmic, nasal, vaginal, oro-pharyngeal, urethral, and rectal dosage
forms. Drug products in the mucosal route overlap several types of dosage forms discussed in
other product quality test general chapters, so the quality tests may be cross-referenced.

General chapter 4  is under development, and publication in Pharmacopeial Forum is
anticipated in late 2013. 

General chapter 4  includes varieties of dosage forms whose route of drug delivery is
mucosal. Performance test criteria for some of these products, e.g., nasal and semisolids, are
described under other routes of drug administration. For the remaining drug products, general

chapter Mucosal Drug Products—Product Performance Tests 1004  is under development.

5. INHALATION AND NASAL DRUG PRODUCTS 

Inhalation and Nasal Drug Products—General Information and Quality Tests 5 : This general
chapter includes product quality tests for inhalation drug products—aerosols, solutions,
suspensions, powders, and sprays—as well as product quality tests for nasal drug products—
aerosols, sprays, powders, and solutions. Inhalation and Nasal Drug Products: Aerosols, Sprays,

and Powders—Performance Tests 601  describes the product performance quality tests for
inhalation and nasal drug products. These tests include aerodynamic particle size determination
and droplet size measurement. In all other dosage forms, dissolution (or drug release) is a
performance test. Particle size distribution (not dissolution at this time) is considered
appropriate for in vivo performance, and hence the test is referred to as a product performance

quality test. Additional new general chapters, Propellants 602 , Topical Aerosols 603 , and

Leak Rate Tests 604 , have been added to this group of general chapters.
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Table 1. General Chapters on Product Quality and Product Performance Tests

Chapter
Number Chapter Title Status

Date PF
or

Official Next Steps

<1151> Pharmaceutical Dosage Forms  Official  
<1> Injections and Implanted Drug

Products (Parenterals)—
Product Quality Tests

PF PF 38(6)
[Nov.–Dec.
2012]

Will be scheduled
after review of
comments

<1001> Injections and Implanted Drug
Products (Parenterals)—
Product Performance Tests

In development  Publication in PF
upon completion

<2> Oral Drug Products—Product
Quality Tests

Published in PF.
Comments
received and
evaluated

PF 38(4)
[July–Aug.
2012]

Balloted by General
Chapters Dosage
Form Expert
Committee
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Official USP 36–NF
31, Second
Supplement

 

<701> Disintegration Test Official USP 35–NF
30

Not applicable

<711> Dissolution Performance Test Official USP 35–NF
30

Not applicable

<724> Drug Release Official USP 35–NF
30

Not applicable

<3> Topical and Transdermal Drug
Products—Product Quality
Tests

PF PF 35(3)
[May–June
2009]

Workshop held 14–
15 September 2009

PF PF 36(6)
[Nov.–Dec.
2010]

 

Official USP 35–NF
30

 

<725> Product Performance Tests—
Topical and Transdermal Drug
Products

PF PF 35(3)
[May–June
2009]

Workshop held 14–
15 September 2009

<1724> Semisolid Drug Products—
Performance Tests

PF PF 37(5)
[Sept.–
Oct. 2009]

 

Official USP 36–NF
31, First
Supplement

 

<4> Mucosal Drug Products—
Product Quality Tests

In development 2013  

<1004> Mucosal Drug Products—
Product Performance Tests

In development 2013–2014  

<5> Inhalation and Nasal Drug
Products—General Information
and Quality Tests

PF PF 37(4)
[July–Aug.
2011]

Workshop held 12–
13 December 2011

PF PF 39(1)
[Jan.–Feb.
2013]

 

<601> Inhalation and Nasal Drug
Products: Aerosols, Sprays,
and Powders—Performance
Tests

PF PF 37(4)
[July–Aug.
2011]

Workshop held 12–
13 December 2011

Product Performance Tests—
Nasal and Inhalation Aerosols,
Sprays, and Powders

PF PF 39(1)
[Jan.–Feb.
2013]

 

<602> Propellants PF PF 39(1)
[Jan.–Feb.
2013]

 

<603> Topical Aerosols PF PF 39(1)
[Jan.–Feb.
2013]
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<604> Leak Rate Tests PF PF 39(1)
[Jan.–Feb.
2013]

 

<1601> Products for Nebulization—
Characterization Tests

PF PF 36(2)
Mar.–Apr.
2010]

 

Official USP 35–NF
30

 

a  Correspondence should be addressed: Vinod P Shah, PhD, Distinguished Pharmaceutical Scientist, US
Pharmacopeial Convention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8208; e-mail
vps@usp.org.
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Proposed New USP General Information Chapter: Shear Cell Methodology for Powder
Flow Testing <1063>

Geoff Zhang,a David Goldfarb,a Steve Hoag,a Bruno Hancock,a Jim Prescott,b Andres Orlando,b

Galina Hollowayc

ABSTRACT A large number of pharmaceutical processes involve powder transfer and feeding,
and the ability of powders to flow in a controlled manner during these operations is critical to
product quality. For example, drug product attributes such as weight and content uniformity
depend on powder flow characteristics. Shear cells are among the most important methods for
measuring powder flow properties, and the data from shear cell testing can be used to predict
a wide variety of powder flow behaviors during pharmaceutical manufacturing. Shear cells have

many advantages over simpler methods of measuring powder flow (see Powder Flow 1174 ),
but their operation is more complex and the procedures for their use must be carefully
controlled to produce accurate and reproducible data. This Stimuli article lays the foundations

for a USP general chapter, Shear Cell Methodology for Powder Flow Testing 1063 , that will
describe best practices for obtaining reliable and accurate powder flow data using a shear cell.

Chapter 1063  will become a part of the tests listed in Excipient Performance 1059  that
can be used to monitor and control critical material attributes that are important to dosage
form performance and that may not be identified or specified in compendial monographs

(General Notices, Section 4.10). Chapter 1059  includes a summary of the functional
capabilities of an excipient as well as information about the physical and chemical properties of
excipients that may be useful in ensuring consistent and desirable excipient performance. The
General Chapters—Physical Analysis Expert Committee hopes that this Stimuli article will elicit
responses and invites comments about the chapter and its scope.

INTRODUCTION 
This Stimuli article discusses the use of shear cells for testing the powder flow properties of
selected pharmaceutical ingredients. The article expands on the brief description of the shear
cell apparatus, which is used in one of the four methods listed in general chapter Powder Flow 

1174  in the United States Pharmacopeia (USP). The article is presented by members of the
General Chapters—Physical Analysis Expert Committee to support a planned general information
chapter on the use of shear cells. This chapter is not intended as a prescriptive method nor as
a replacement for a given shear cell user manual or standard method. [Note—The Appendix
describes notation, symbols, and Systeme International (SI) units commonly used in
pharmaceutical shear testing.] The Expert Committee seeks specific input from users in the
pharmaceutical industry regarding the following questions:

1. Would identification of a pharmaceutical reference material be of benefit to shear cell
users in the industry? If so, what material should that be?

2. Would a round-robin test of standard pharmaceutical materials using different shear
cells under various specified conditions be of value to the industry? If so, specifically
what value would be provided and which materials should be tested and why?
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The text of the proposed general chapter and its scope will be refined based on the responses
to this Stimuli article. Because those who use shear cells to measure powder flow may have
differing views or preferences regarding their use, the ultimate objective is to identify and build
up areas of consensus that can be included in the general chapter.

BACKGROUND 
In the 1950s Andrew W Jenike, using soil mechanics theory as a basis, devised a direct
translational shear tester and test procedure for evaluating the flow properties of powders. In
the following decades, other shear testers have been developed and vary in cell geometry, the
mode of applied shear stress (translational vs. rotational), sample size, data collection time,
degree of automation, and ease of operation. Regardless of their design, these shear testers
assess powder flow behavior in a quasi-static mode. Since the introduction of the early shear
testers, significant progress has been made in the area of data interpretation, and an extensive
literature now exists comparing the results from different testers and test procedures (1–7).d 

As described in 1174 , powder flow of selected pharmaceutical ingredients is key to many
drug product manufacturing processes. That general chapter highlights four methods for
measuring powder flow. Three of the methods—Angle of Repose, Compressibility Index and
Hausner Ratio, and Flow through an Orifice—can be conducted with minimal equipment and
provide a way to rank order powder flow under defined experimental conditions. Generally, but
not always, these methods provide the same rank order of powder flow. They are, however,
difficult to use for predictions such as those needed for evaluation of flow behaviors in bins and
hoppers, as well as for bin and hopper design. Also, the results from such methods depend on
the measuring procedures and device design. A properly designed and operated shear cell has
the advantage of providing device-independent results that can be used to make quantitative
performance predictions and for engineering design calculations such as the prediction of the
outlet diameters required to overcome arching.

SCOPE OF THE PROPOSED CHAPTER 
The proposed general chapter describing the use of shear cells for measuring powder flow
properties will focus on the three most popular shear cell types:

1. translational (Jenike type)
2. annular (Schulze type)
3. rotational (Peschl type)

These shear cell types are categorized as direct shear tests in which a region of the powder is
sheared under a series of controlled normal stresses. From these data a wide variety of
parameters can be obtained, including the yield locus representing the shear-stress to normal-
stress relationship at incipient flow, the angle of internal friction, the unconfined yield strength,
cohesion, and a variety of derived parameters such as the flow function. In addition, these
shear cells can be set up with wall coupons (see Appendix) in order to conduct wall friction
tests. Unconfined yield strength, wall friction data, and bulk density data can be used for bin
and hopper evaluation and design. Other testing approaches such as triaxial testers and
indirect or hybrid testers such as the Johanson Indicizer are outside the scope of this chapter.

THEORY AND PRINICPLES 
The flow behavior of a powder is different from the flow of a fluid. First, powder flow properties
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and shear behaviors are strongly dependent on the consolidation stresses applied to the
powder and are minimally dependent on the strain or flow rate (under the assumption of quasi-
static conditions such as flow in a bin). Fluid flow, in contrast, is strongly dependent on the
strain rate (where viscosity describes the relationship between shear stresses and strain rates)
and is minimally dependent on absolute pressure. Second, when shear stresses are applied to
powders they do not always immediately fail (that is, they can avoid flow under a sustained
shear stress), whereas Newtonian fluids do not behave this way and always flow under applied
shear stresses. Thus, powders have the potential for arching and ratholing (see Appendix).
However, powders can sustain a shear stress without flowing only up to a certain point. The
yield locus for a given powder is a function of many variables, including its composition, particle
size and shape, moisture content, temperature, time stored at rest, and the state of
consolidation. Once a powder is subjected to stresses (whether by gravity or some mechanical
means) that reach or exceed the yield locus, the powder flows. Hence, determining the yield
locus for a given powder under conditions representative of the manufacturing process is an
essential step in evaluating the flow behaviors for that process. In some circumstances this
may involve testing under controlled environmental conditions, as well as holding the powder
under load for an extended period before shearing (a time test). 
Preparation of a uniform powder bed (consistent bulk density) is the first critical step of shear

cell testing. The next stage of testing is the application of a normal stress ( ) and shear stress

( ) to the powder bed to achieve steady-state shear resulting in a known state of uniform
consolidation. The shear stress then is removed, and a reduced normal stress is applied. A
shear stress then is applied and is progressively increased until the powder bed yields and
begins to flow. To complete a full shear cell analysis, the analyst must determine several yield
loci, which requires that the unconfined yield strength be determined under several different
levels of consolidation. Although the focus of the proposed chapter is on the powder or
particle–particle properties, the wall or particle–wall, properties and bulk density also are
important. Such properties are used for bin design and also are essential when one compares
different wall materials, e.g., different grades and finishes of stainless steel or the effect of
plastic coatings on powder flow behaviors. The most fundamental property of a wall material in
this regard is F', the angle of friction between the bulk powder and the wall material, or,
correspondingly, the coefficient of wall friction (µw):

µw = tan(F') = w/ w

where w is wall shear stress and w is the wall normal stress. Note that F', and hence µw

often are a function of the applied normal stress w.

DESCRIPTION OF SHEAR CELL COMPONENTS AND DESIGNS 
Figures 1–3 provide schematics of the shear cells that will be referenced in the proposed
general chapter. All have the same general operating principle of being able to measure the
force required to shear a powder against itself under an applied normal load. The applied load or
measured force can be translated to a stress by dividing by the cross-sectional area of the
plane under consideration. 
The translational shear cell (Figure 1) has a fixed base with a movable ring above it, and both
hold the bulk powder. A cover that fits within the ring is used to contain the powder and to
provide a uniform application of the normal load (N). The ring and cover are pushed as a unit
while a load cell records the shear forces (F) that are generated. The shear plane forms
between the powder that is contained in the base and that in the ring.

PF 39(3): May-Jun. 2013 474



Figure 1. Descriptive schematic of the translational shear cell.

The annular shear cell (Figure 2) consists of a shear cell or base that holds the powder. A
cover that fits within the cell is used to contain the powder and to provide a uniform
application of the normal load (N). The cover remains fixed in place, connected to load cells to

measure the shear forces (F) that are generated. The shear cell is rotated ( ) to create a
shear plane that forms between the cell and the cover. The cover and shear cell usually have
fins or other surfaces that prevent the powder from sliding or shearing along the cover or base
of the cell.

Figure 2. Descriptive schematic of the annular shear cell.

The rotational shear cell (Figure 3) has a base and ring that hold the powder. A loading lid that
fits within the ring is used to contain the material and to provide a uniform application of the
normal load (N). The loading lid typically remains fixed in place, connected to load cells to

measure the shear forces (F) that are generated. The shear cell base then is rotated ( ) to
create a shear plane that forms between the ring and the base. Alternatively, the base can be
fixed and the lid can be rotated to create the shear plane in the powder specimen.

Figure 3. Descriptive schematic of the rotational shear cell.
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The choice of one shear cell type over another depends on factors such as the availability of
equipment and ease of use for a particular technician. However, because of the infinite travel
associated with annular and rotational shear cells, these types of cells are more suited for
powders for which reaching steady state requires large strains. 
Wall friction tests can be carried out using all the shear cells referenced in this chapter with
only minor modifications, namely by sliding the bulk powder over a suitable wall coupon rather
than over itself. This usually is achieved by replacing the base of the shear cell with a coupon
of the wall material and adjusting the amount of powder used in order to create a shear plane
at the powder–coupon interface.

SHEAR CELL MEASUREMENTS

Sample Preparation 
The applicability of shear cell data depends strongly on the use of a representative powder
sample. Detailed discussion of appropriate sampling procedures can be found in USP general

chapter Bulk Powder Sampling Procedures 1097 . 
The cell size (volume and diameter) usually is selected based on the maximum particle size of
the powder sample, and this size usually is reported by the supplier of commercially available
testing equipment. For a translational cell, the maximum particle size is approximately 5% of the
diameter of the cell, and for an annular cell the maximum particle size is approximately 10% of
the width of the annulus. Fresh powder is desired for each test, if possible, so use of a smaller
cell may be preferable to reusing the powder. Under some circumstances a smaller cell may be
needed to reach higher consolidation stresses. Smaller cell sizes may have reduced precision
and increased bias, depending on the specific tester and the cell size under consideration
because of the larger contribution of nonidealities caused by wall effects. 
The shear strength of fibrous or flaky solids often is caused by interlocking of particles, so such
materials may prove to be unsuitable for testing with a conventional shear cell. Likewise,
powders with high springback (rubberlike or highly elastic properties) sometimes can fall outside
the practical limits of a shear tester. Poor reproducibility and unexpected results may indicate a
problem with testing these types of powders. 
Powder samples must be handled and tested under conditions that are practically relevant. For
example, many pharmaceutical powders will sorb/desorb moisture from their surroundings
according to the ambient relative humidity and temperature. This sorbed moisture can
significantly affect the measured powder flow properties. Controlling the environmental
conditions during sample handling and testing so that samples are representative of the
processing conditions of interest is essential for most powders. 
Some pharmaceutical powders “age” quickly after they are produced, and such powders should
be tested immediately after they are manufactured. The testing of some powders may result in
caking or particle attrition that can render a powder unsuitable for retesting. In these
circumstances fresh powder samples should be used for each test.

Instrument Preparation 
The shear cell should be situated in an area that is free of vibrations. Vibrations can affect the
instrument readings and also can densify the powder while it is being tested. 
Because shear testers measure forces, their load cells must be calibrated with respect to the
force being measured. Some testers also measure the displacement (linear or angular) of the
cell (indicating travel) and/or the displacement of the lid (used to calculate the volume of the
cell and hence an average bulk density). In these cases the means for measuring displacement
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also must be calibrated. No other adjustments with respect to calibration are performed,
although the correct performance of the apparatus may be confirmed by the measurement of
the yield locus of a reference powder under standardized test conditions (described later). 
Wall coupons used for testing must be representative of the surfaces upon which the powder
will slide. Directional surfaces can be oriented in the direction of flow in the application (e.g.,
grain oriented down the length of a hopper), oriented in the worst-case condition (often, grain
oriented perpendicular to the direction of flow in the hopper), or can be evaluated in both
directions. 
All shear cell components (including wall coupons) should be carefully cleaned before use.

Selection of Test Conditions 
Preshear normal stresses usually are selected based on the powder's density values. Standards
such as ASTM Standard 6128 (8) provide tables of specific initial preshear normal stresses as a
function of the sample bulk density. Subsequent preshear normal stresses are given in multiples
of the initial preshear value (such as 2, 4, and 8 times the initial level). The number of preshear
normal stress levels is at least four. It often is valuable to match preshear stresses in the test
to stresses expected in the processing situation of interest. Hold times for time tests are
selected based on matching the hold time in the practical application. If long hold times are
unrealistic, analysts should consider several intermediate time points and extrapolation of the
data. 
Normal stress levels for shear are selected to provide a range of data points on the yield locus.
Typically, a range between 25% and 80% of the preshear normal stress is valid (8), although
powders with high unconfined yield strength or internal friction may require a narrower range.

Test Procedure 
Shear cell testing involves a sequence of steps that consolidates the powder to a known
extent and then shears it under carefully controlled conditions while recording the applied
normal stresses and measuring the shear stresses. In most cases the essential steps are as
follows:

1. Fill the test cell with powder in a manner that provides a uniform bulk density and
composition. Detailed procedures vary according to the type of tester being used, but
in all cases it is essential to evenly distribute the powder and avoid pockets of air that
can be difficult to remove later.

2. For translational shear cells only, perform a preconsolidation step to create the desired
state of preconsolidation

3. Consolidate the sample by applying a known normal stress to the powder specimen via
the cell lid, and preshear the specimen until a steady-state shear value is reached. Care
should be taken to avoid over-shearing the sample. The applied shear stress then is
reduced to zero.

4. Run an instantaneous shear test by shearing the specimen under a reduced normal
stress until the shear stress goes through a maximum value and then begins to
decrease.

Steps 1 through 4 are repeated at a series of reduced normal stress conditions to create a
complete set of data (yield locus) and then at a series of different preshear normal stress
conditions to create a flow function. A wall friction test is run in an analogous manner by sliding
the specimen over a coupon of wall material and measuring the shear stress as a function of
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the applied normal stress. In a time test a normal stress is applied to the specimen for a
predetermined period of time before shearing. Both wall-friction and time-consolidation tests
can be conducted with the three types of shear cells described in this chapter as long as
directionality (if any) of the wall surface relative to the cell movement is taken into account.

Data Analysis and Calculations 
Illustrative results from a shear cell test are presented in Figure 4. The preshear point and all

valid shear points are plotted in ( , )-coordinates, and these data are used to generate a
smooth line through all the valid shear points to obtain the yield locus. Typically the yield locus
passes above or through the preshear point. If not, the test results should be analyzed in more
detail. In some circumstances, the yield locus can be forced to pass through the preshear point
and can be fitted to all yield points. 
The unconfined yield strength of the powder is obtained by drawing a Mohr circle (11) through
the origin and tangential to the yield locus. The higher point of intersection of this Mohr circle

and the -axis is the unconfined yield strength fc. The major consolidation stress, 1, is found
by drawing a second Mohr circle through the preshear point and tangential to the yield locus.

The higher point of intersection of this Mohr circle (consolidation locus) and the -axis is the
major consolidation stress.

Figure 4. Shear cell testing and data analysis. Shear cell raw data (left) and yield locus
calculated from raw data (right).

The angle of internal friction, F, is defined as the inclination of the yield locus as shown in
Figure 5. A line drawn through the origin and tangential to the steady-state Mohr circle has an

angle, , that is defined as the effective angle of friction. The cohesion, C, is the intersection

of the yield locus and the -axis.

Figure 5. Graphical representation of the angle of internal friction (F), effective angle of friction

( ), and cohesion (C) (see text for discussion).

From a family of yield loci generated at different preshear normal stresses it is possible to plot

the unconfined yield strength, fc, as a function of the major consolidation stress, 1, as shown
in Figure 6. The curve connecting these points is called the flow function (15) and can be used
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to calculate the potential for arching and ratholing in a storage bin.

Figure 6. Calculation of the Flow Function from multiple yield locus plots.

The kinematic wall yield locus is developed in a manner similar to the calculation of the yield
locus. This is depicted in Figure 7. The wall friction angle, F', is defined as the inclination of a
line from the origin to a point on the wall yield locus. In general, low wall friction angles are
desirable.

Figure 7. Calculation of the wall yield locus.

When analysts compare multiple powders, matching the tester type, specific tester model, test
cell size, sample preparation, test procedures, applied normal stresses, and environmental
conditions provide increased confidence that differences in the results are attributable to the
powder and not the test. Change in material sourcing or manufacturing may require repetition
of these initial studies. 
Shear cell tests allow the analyst to characterize consolidated powders with respect to the
quasi-static transition from no-flow to flow behavior. They are unable to directly measure
powder flow properties at very low stress conditions or high shear rates which may occur in
real-life powder handling situations. Thus no single parameter can describe powder flowability.
Instead, the parameters described in this general chapter should be interpreted together and in
the context of the conditions under which the powder will be stored and handled (e.g.,
equipment dimensions, environmental conditions, etc.). 

The ratio of the major consolidation stress 1 to the unconfined yield strength fc at a particular
value of the major consolidation stress provides a general, simplified way of assessing powder
flowability. Note that this approach does not take into account the flow pattern or the
equipment size or geometry. As a general case, Jenike classified the flow of powdered materials
as follows (15):

Table 1: General Classification of Flow Character

1/fc Flow Character

<2 Very cohesive, nonflowing
2–4 Cohesive
4–10 Easy-flowing
>10 Free-flowing
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This simplified view can lead to errors in interpretation because to truly evaluate flow in specific
handling equipment, analysts must consider multiple flow properties, as well as the equipment
that is holding the powder (16).

Reference Materials and Reproducibility 
For a tester that is installed and operated correctly, the performance of the instrument and
operator can be assessed by testing a standard material. Limestone powder has been used as a
certified reference standard (CRM-116) and is available from the Institute for Reference
Materials and Measurements of the European Commission (12). This material was chosen based
on the following properties that are desirable for a reference standard:

1. it exhibits a smooth dilation curve
2. the peak stress is reached rapidly
3. it does not exhibit marked consolidation over time
4. it is reasonably cohesive
5. it is not too sensitive to temperature and humidity
6. it does not exhibit significant segregation in storage or during handling in testing
7. it can be used again and yield reproducible and consistent results
8. a sufficient quantity can be made available at a reasonable price
9. it is not toxic, irritant, or otherwise hazardous.

Round-robin tests of this standard reference material were performed using Jenike Shear Cell
Testers at five European labs starting in 1977 (12) and using Schulze Ring Shear Testers at 27
labs throughout Europe and United States in 2008 (13). In both studies a relatively narrow
range of test results was obtained, which serves as a practical criterion against which others
can verify their procedures and instruments. If an instrument is properly calibrated, deviations
from the reference results can be attributed to the operator's performance of the test method. 
There is currently no specific pharmaceutical reference material for shear cell test method
verification. Such a material is desirable because pharmaceutical powders can be significantly
more cohesive than the CRM-116 limestone standard. 
It also may be worthwhile to conduct a round-robin test using common pharmaceutical powders
(such as excipients intended for use in the manufacture of solid oral dosage forms) so that
pharmaceutical users of shear cells can better evaluate the repeatability and reproducibility of
their data.

SUMMARY 
Powder characterization using direct shear cell testing can provide valuable insights into the
behavior of pharmaceutical powders during drug product manufacture. This Stimuli article
proposes the creation of a USP general chapter on Shear Cell Testing describing the features of
common shear cells and best practices for their use. This article provides details about the
proposed chapter's content and also asks if a pharmaceutical reference powder would be of
value for pharmaceutical scientists who conduct shear cell tests on active pharmaceutical
ingredients, excipients, and formulations. Similarly, the authors would like to know whether
round-robin testing of a series of common pharmaceutical powders should be conducted so that
the data could be included as an appendix to the proposed general chapter on Shear Cell
Testing.

APPENDIX: NOTATION
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Term

Symbol
and SI
units Definition Comments

Angle of
internal friction F The inclination of the yield locus (Figure 5)  

Annular shear
cell —

A shear cell based on a rotating annulus design
(Figure 2)

The Schulze Ring
Shear Tester is a
common annular
shear cell.

Arching
—

The formation of a bridge of powder across an
opening caused by attractive interactions
between particles

Also know as
bridging

Bulk density

, kg/m3

The mass of a quantity of a powder divided by
its total volume

Varies with the
applied normal
stress and history
of a sample

Cohesion

C

The failure shear stress at 0 normal stress,
normally obtained by extrapolation of the yield
locus (Figure 5)

An indication of
the intrinsic
strength of an
unconsolidated
powder

Consolidation

—

The process of increasing the density of a
powder, which usually results in increasing its
unconfined yield strength. Achieved in a shear
cell by applying a preshear normal load and
shear load to the specimen

 

Coupon

—

Flat surface that is in contact with powder
specimen during wall friction testing

The coupon
surface finish
must be
representative of
the wall surface
of interest.

Effective angle
of friction

The inclination of the effective yield locus
(Figure 5)

Sometimes used
as a measure of
relative flowability

Effective yield
locus

—

The straight line passing through the origin of
the    plot and tangential to the steady-

state Mohr's circle, corresponding to steady-
state flow conditions of a powder of given bulk
density (Figure 5)

 

Flowability

—

A qualitative estimate of the relative flow
properties of a powder

Often based on
measured values
of the flow
function or
effective angle of
friction

Flow function

—

The plot of unconfined yield strength vs. major
consolidation stress for one specific powder
(Figure 6). Quantified as the ratio of the major
consolidation stress to the unconfined yield
strength at a particular value of major
consolidation stress.
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Funnel flow — A flow pattern where an active flow channel
forms through stagnant material.

 

Lid

—

Cover of the cell containing the specimen
within a shear cell

The lid position
can be measured
to determine
displacement,
bulk density, and
powder dilation.

Mass flow
—

A flow pattern in a converging hopper where
all material is in motion, including material
sliding along the hopper walls

 

Major
consolidation
stress 1, Pa

The major principal stress given by the
steady-state Mohr circle. This circle is
tangential to the yield locus and effective yield
locus and passes through the preshear point
(Figure 4).

 

Mohr's circle
—

A graphical representation of a state of stress
in coordinates of normal and shear stresses
(Figure 4)

 

Normal stress
, Pa

The stress acting normally (perpendicularly) to
the considered plane

 

Preconsolidation

—

Normal stress applied to consolidate a powder
before testing (Figure 4)

Needed only when
using a
translational
shear cell

Preshear
—

Application of normal stress while shearing to
attain steady-state shear conditions (Figure
4)

 

Ratholing
—

Tendency of powder to flow only in the region
above an opening, thus forming a narrow
rathole in the powder

Also known as
core flow

Rotational shear
cell —

A shear cell operating under rotational shear
conditions (that is, rotational shearing
perpendicular to the applied normal stress)
(Figure 3)

The Peschl shear
cell is a common
rotational shear
cell.

Shear stress
, Pa

The stress required to shear the powder in a
direction perpendicular to the normal stress

 

Translational
shear cell —

A shear cell operating under translational shear
conditions (that is, linear shearing
perpendicular to the applied normal stress)
(Figure 1)

The Jenike shear
cell is a common
translational
shear cell.

Time
consolidated
strength

Ft, Pa
The unconfined yield strength of a powder
after being held at fixed consolidation
conditions for a certain time

 

Time yield locus
—

The yield locus of a powder that has remained
at rest under a given normal stress for a
certain time

 

Unconfined
yield strength Fc, Pa

The major principal stress of the Mohr stress
circle that is tangential to the yield locus when
the minor principal stress is zero (Figure 4)

 

Wall friction
angle F', degrees The arctan of the wall friction coefficient

(Figure 7)
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Wall friction
coefficient µW

The ratio of the wall shear stress to the wall
normal stress at a given normal stress
condition

 

Wall yield locus
—

A plot of the wall shear stress vs. wall normal
stress. Used to determine the wall friction
angle for a powder–wall combination (Figure 7)

 

Yield locus

—

A plot of shear stress vs. normal stress at
failure. The yield locus sometimes is called the
instantaneous yield locus to differentiate it
from the time yield locus (Figure 4)

A powder exhibits
a series of yield
loci for each
different level of
consolidation
(density).
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Statistical Methods for Validation of Procedure Accuracy and Precision

Richard K Burdick, David J LeBlond, Dennis Sandell, Harry Yang, USP Statistics Expert
Committeea

ABSTRACT Validation is one of the milestones in an analytical procedure’s life cycle. It is a
confirmatory step to demonstrate that the test procedure is fit for its intended use through
systemic experimentation and formal documentation. In this article, we present statistical
methods for providing evidence that a procedure is fit for purpose in the context of accuracy
and precision. Statistical confidence intervals and tolerance intervals are used to demonstrate
that a procedure is validated based on an experimental design that properly accounts for
sources of variation in the analytical procedure. A numerical example is included to illustrate the
use of formulas to compute the required intervals. Most of these calculations are simply
performed in a spreadsheet software program.

1.0 INTRODUCTION 
Validation is one of the milestones in an analytical procedure’s life cycle. It is a confirmatory
step to demonstrate by systemic experimentation and formal documentation that the test
procedure is fit for its intended use. In addition, results of validation are useful for the
establishment of system suitability criteria to monitor the long-term performance of the test
procedure. An analytical procedure is deemed validated if its performance characteristics are
shown to be within predefined limits with stated confidence. 
Procedure validation is a confirmatory experiment that is the culmination of the procedure
development process. Procedure development studies all areas relevant for the quality and
applicability of the procedure and collects the information required for optimally designing the
formal validation exercise. This process defines operational details such as sample size and
selected procedure settings, inputs, operating conditions, equipment, limits, and ranges that
are validated in the formal procedure validation. These details are defined using appropriate
designed experiments and are documented in written reports. Questions of statistical interest
such as distributional assumptions of the data, constancy of variance, and pooling strategy
should be answered before validation. Discovering new and unknown facts (whether
advantageous or otherwise) related to the procedure during validation is seen as a failure and
should be a strong reason to repeat parts of the validation that are influenced by this
discovery. 
Furthermore, procedure validation is not a one-time exercise, and analysts should consider
revalidating the procedure any time its use changes, e.g., if a new product strength is
introduced, if samples will be tested following a new stress test, or if specifications are
changed. Additionally, some type of statistical process control should be introduced to monitor
the performance of the procedure. This is useful in detecting drift in procedure performance
parameters such as precision that can occur, for example, as a result of worn-out equipment. 
Procedure development and validation involve several aspects such as accuracy, precision,
linearity, range, limit of detection, and limit of quantitation. In this article we focus on methods
for demonstrating acceptable levels of both accuracy and precision.
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2.0 DEFINITIONS OF ACCURACY AND PRECISION 
Accuracy is the closeness between estimated analyte level obtained with the test procedure
(test result) and the corresponding true analyte level (true value) of test samples. Closeness
(or bias) is expressed as the test result minus the true value. In some cases, this difference is
expressed as a percentage of the true value. If the true value cannot be obtained, a test
result from a well-characterized procedure (reference value) can be taken as the true value.
Accuracy should be established across the procedure’s required analyte concentration range.
Accuracy is demonstrated by estimating the magnitude of bias and comparing it to a
prespecified acceptance criterion. 
The precision of an analytical procedure is the degree of agreement among individual test
results when the procedure is applied repeatedly to multiple samplings of the same unit.
Precision of a test procedure may be influenced by various factors, including analyst, day,
instrument, and within-instrument variation. Precision should meet predefined acceptance
criteria. A well-designed experiment facilitates reliable assessment of the factors that
contribute to the overall precision. 
The most common metric for quantitating precision is the standard deviation. The lesser the
value of the standard deviation, the better the precision. Many commonly used statistical
methods rely on the assumption of the normal distribution, for which the standard deviation is a
natural descriptor of variability. Other measures also are used, but for purposes of this article
only the standard deviation will be considered. The standard deviation squared is referred to as
the variance. 
The total variance of an analytical procedure often is partitioned into the sources of the
variability. For purposes of this article, we consider two sources of variability: The first source
is the observed variation when an analytical procedure is used repeatedly over a short time
period by a single analyst using the same equipment. This is referred to as the repeatability

component and is denoted . The second source is additional
variation that occurs when an analytical procedure is used in the same laboratory under random
conditions created by, for example, different analysts, different equipment, or different days.
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This component is denoted . The sum of these two components, 

, equals  and represents the total
variance of an analytical procedure used in a particular lab under all expected conditions. This
total variance is referred to as the intermediate precision or ruggedness. The intermediate

precision standard deviation is denoted . 
A useful model to represent a measured test result is

Measured Value = True Value + Method Bias + Method Error (1)

where both the true value and the procedure bias are constants and the procedure error is a
random variable assumed to have a mean of 0 and a standard deviation of 

. In this article the measured values are back-calculated
concentration values from the response function. We can conveniently re-express model (1) as

Measured Value  True Value = Method Bias + Method Error (2).

or

or

Relative Measurement Error (%) = Relative Bias (%) + Relative Method Error (%) (4).
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The remainder of this article considers only the relative measures of bias and procedure error
(intermediate precision standard deviation) defined in equation (4). However, measures in the
original scale of equation (1) can be obtained directly from the measures calculated with
equation (4). For example,

3.0 EXPERIMENTAL DESIGN 
An appropriate experimental design is needed to estimate the measures of both accuracy and
precision. Accuracy should be demonstrated in an experiment over the procedure’s required
analytical range using a proper experimental design. 
A common design used to establish accuracy for concentration levels in the range from m to M
is to define at least three true values between m and M, inclusive. Typically, the third value is
the expected result for the sample. The ability to define m and M appropriately depends on the
extent and quality of the work done during procedure development. If the limits of the
procedure are not firmly determined before validation, then it is strongly recommended that
concentration levels be determined at more than three levels. 
To establish intermediate precision, one must create experimental conditions where the levels
of factors such as analyst, equipment, and days are varied (in order to estimate 

). Additionally, replicates of each condition are needed to estimate

. 
Consider a situation where the objective of the validation is to show accuracy within the range
40% to 300% of target. Evidence before validation suggested both the relative bias and
relative standard deviation were constant across at least some of this range. Table 1 illustrates
a design in which five levels of concentration (represented as percent of target) are selected in
the range from m to M.
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Table 1. Description of Design

Introduced Concentration 
(% of Target)

Number of Measurements Collected
Using the Design in Table 2

m = 40 27
60 27
100 27
200 27

M = 300 27

Twenty-seven measurements are made at each concentration value and are collected using
the design shown in Table 2. There are nine treatment conditions in Table 2 created by testing
all combinations of three analysts and three pieces of equipment. The design selected for a
particular application depends in part on the relative contributions of 

and to  .

In particular, as the ratio increases, one should increase the
number of treatment conditions in order to achieve adequate power. Section 7 provides an

example power calculation to demonstrate the effect of the ratio 
on the statistical power for a recommended validation test. 
The nine treatment conditions are viewed as a randomly selected sample from the population of
all possible treatment combinations that can be expected to occur over the normal use of the
procedure in a given laboratory. Three replicates are taken for each treatment combination.
These data are analyzed for illustration in Section 6.0 of this article.

Table 2: Example Data Set (Response Is Relative Measurement Error Expressed as
Percent of Introduced Concentration)

Treatment Condition Analyst Equipment Rep1 Rep2 Rep3

1 1 A 1.4 –1.4 2
2 2 B 1.2 –1.8 0.6
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3 3 C 1.8 –0.8 –0.9
4 1 B 0.6 –0.3 –0.4
5 2 C –0.6 –0.8 –1.8
6 3 A 2.5 2.5 2.8
7 1 C –1.3 0.7 –0.9
8 2 A 3.1 1.8 1.7
9 3 B 0.6 –1.4 –0.8

4.0 USING CONFIDENCE INTERVALS TO VERIFY ACCURACY AND PRECISION 
This section provides confidence interval formulas for bias and intermediate precision.
Confidence intervals can be used to perform a statistical test against predefined acceptance
criteria. In order to provide the necessary formulas, the model in equation (4) is represented for
a given concentration level as

Y ij = µ + Ci + Eij i = 1,...,c; j = 1,...,r (6)

where Y ij is the relative measurement error for the jth replicate of random condition i, µ is the
mean relative bias, Cj is the bias effect due to the ith random condition, Eij represents the
relative error associated with the jth replication from condition i, c is the number of random
conditions (c = 9 in Table 2), and r is the number of replicates for each condition (r = 3 in
Table 2). The variables Ci and Eij are assumed to be independent random normal variables, each

with mean 0 and with variances and ,
respectively. Implicit in equation (6) is the assumption that the c random conditions are
statistically independent. For example, equation (6) implies that results from two treatment
conditions with the same analyst (e.g., Conditions 1 and 4 in Table 2 ) are independent even
though they have been collected by the same analyst. Although it is possible to further
partition the condition sums of squares into the contributions from analyst and equipment,
confidence intervals derived in this manner are too wide to be useful because only two degrees
of freedom each would be associated with the analyst and equipment variance components.
Thus, from a practical viewpoint, the assumption of independence is necessary to provide a
useful confidence interval for the intermediate precision. From a conceptual viewpoint, it is
reasonable to believe that any dependence among treatment conditions with the same analyst
or equipment lessens as the time between treatment applications increases, as is expected in
the normal operation of the procedure. 
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A goal of procedure validation is to provide estimates of µ and  .
The statistics needed to do this are

.

where

. The statistics in equation (7) can be obtained using any statistical package that computes a

one-way analysis of variance. The term commonly is referred to as
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the among-group or between-group mean square, and the term 
commonly is referred to as the within-group mean square or the mean squared error. The point

estimators for the parameters of interest are  

 
Statistical confidence intervals provide an informative summary of the validation experiment. A
confidence interval is expected to contain the true parameter value with a desired level of
confidence. The confidence interval also can be used to perform a statistical test against
predefined acceptance criteria. 
A 100(1 – 2  )% two-sided confidence interval for the relative bias (µ) is given by

where tc – 1  is the 1 – th quantile for the cumulative central t–distribution with c – 1
degrees of freedom. 
For the intermediate precision, one typically is concerned with only the 100(1 – )% upper

confidence bound. An upper 100(1 –  )% confidence bound for is
based on a method from Graybill and Wang (1). This method is called the modified large-sample
confidence interval and has been recommended by Nijhuis and Van den Heuvel (2). This formula
is
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where  is the th quantile of the cumulative chi-squared
distribution with df degrees of freedom. For example, if c – 1 = 8, c(r – 1) = 18 and  = 0.05,
the corresponding values for H1 and H2 are 1.928 and 0.9168, respectively. 
Alternatively, one can compute the upper bound using the Satterthwaite approximation (3). An

upper 100(1 – )% confidence bound for based on the
Satterthwaite approximation is

Equation (11) is preferred over (12) for constructing a confidence interval on the intermediate
precision because equation (11) better matches the stated confidence level. However,
equation (12) is more flexible and can be used in other applications such as the one that
follows in Section 5. In general, equations (11) and (12) provide comparable results. 
The confidence intervals in this section can be used to test whether the analytical procedure is
fit for purpose. For example, suppose the predefined acceptance criterion requires the relative
bias of an analytical procedure to be no greater than 5.0%. If the entire 100(1 – 2 )% two-
sided confidence interval defined in equation (10) falls within the range from –5.0% to +5.0%,
then it has been demonstrated that the true relative bias is less than 5% with a type I error
rate of . The same approach can be used with the confidence intervals in (11) and (12) to
validate precision. 
The establishment of numerical acceptance criteria on which to base a validation test is a
difficult task. It requires consideration of many factors, including i) knowledge of the process
that will be monitored with the analytical procedure, ii) the past performance of similar methods
and historical norms, iii) the life cycle of the analytical procedure, iv) performance of the
procedure during prevalidation work, and v) future maintenance and control of the analytical
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procedure.

5.0 COMBINED VALIDATION CRITERIA FOR ACCURACY AND PRECISION 
In assessing whether an analytical procedure is fit for its intended purpose, one should
understand the relationship between bias and precision. The degree to which the bias affects
the usefulness of an analytical procedure depends in part on the precision. That is, a procedure
with a relatively small intermediate precision can accept a greater bias than a procedure with a
larger intermediate precision. For this reason, it is useful to establish a single criterion that can
be used to simultaneously validate both accuracy and precision. Furthermore, because the
intended purpose of an analytical procedure is to provide accurate and precise measurements
of samples, one may consider that the procedure is validated if it is shown to provide a high
degree of assurance that the test results of the future samples will be close to their true
values. One such criterion proposed in a series of articles (4–6) seeks to ensure

Pr (   )  (13)

where Y is the relative measurement error of a future sample,  > 0 is an acceptable limit

defined a priori consistent with the purpose of the procedure, and  is the desired probability

for a future measurement to have a relative error within the defined acceptable limit (e.g.,  =
0.95). 

The testing strategy proposed by Huberta et al. (4–6) is based on a –expectation tolerance

interval. In particular, if a -expectation tolerance interval falls completely within the range

from –  to + , then one can claim that equation (13) is satisfied. A formula computing the 100

% expectation tolerance interval for the one-factor random model in equation (6) is
presented by Mee (7) as

and df is defined in equation (12). Hahn and Meeker (8) note the -expectation tolerance

interval is commonly referred to as a 100 % prediction interval for a single future observation.

Thus, it is interpreted as a range that with a given level of confidence ( ) will include the next

observed relative measurement error. Another tolerance interval, the -content tolerance

interval, is used to provide a range that with a given level of confidence includes 100 % of all

future relative measurement errors. A two-sided -content tolerance interval that can be used
with the one-factor random model in equation (6) is provided by Hoffman and Kringle (9) as

where Z is a standard normal quantile, UGW is the 100 (1 – )% upper bound in equation (11),
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and is computed using equation (9). 
One may also wish to perform a statistical test based on the capability of the analytical
procedure. Capability refers to the ability of the analytical procedure to satisfy a particular goal
[such as equation (13)]. A popular capability measure is defined as

which is estimated as

A statistical test can be performed using equation (17) by requiring that the 100(1 – )%

lower bound on CPK be greater than a value that matches the desired value for  in (13). For

example, if it is desired to have  = 0.95, the value of CPK that provides a 100(1 – )% = 95%
excursion rate for a centered process is 0.67 [see, e.g., Montgomery (10)]. 
The 95% lower bound on CPK is computed using the following formula [see equation 4 in Kushler
and Hurley (11) with appropriate modification of the error degree of freedom]:

where c and r are defined in (6) and df is defined in equation (12). 
Finally, it is possible to estimate the left-hand side of equation (13) directly using a Bayesian

approach. In particular, one can use the Bayesian approach to estimate Pr (–   Y  ) and

then to compare this probability directly to the desired value of . The procedure is validated if

the computed probability exceeds . 
In general, Bayesian analysis provides a framework for making an inference about either a
future observation or model parameters based on new data and prior beliefs. It begins with a
parametric model from which data are generated and assignment of probability distributions to
all parameters that account for uncertainties in the parameters. Such probability distributions,
representing prior beliefs of the model parameters, usually can be estimated from historical
data. Using Bayes’s rule, the posterior probability of a future observation or model parameter
can be obtained by multiplying the likelihood function of the new data and the prior distribution
of the parameters. 
Bayesian analysis applied to the procedure validation process combines both knowledge and
understanding of the assay, in terms of prior beliefs, with new data generated from validation
studies. The prior and new data are combined to predict the behavior of future measurements
with regard to bias and precision. A good historical performance of the analytical procedure
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usually translates into reduced activities during validation and vice versa. Therefore it is a life-
cycle and risk-based approach and can be useful for quality risk assessment. 
A Bayesian tolerance interval of future measurements provides an interpretation that can be
used to evaluate equation (13) directly. A Bayesian tolerance interval consistent with model (6)
is provided in Wolfinger (12) and can be computed using the statistical software package
WinBUGS (13,14). However, Bayesian analyses can be tricky, and the aid of an experienced
statistician is recommended. The Bayesian analysis and other confidence intervals presented in
this section are demonstrated with a numerical example Section 6.0.

6.0 NUMERICAL EXAMPLE 
The data in Table 2 can be used to construct confidence intervals and to perform validation
acceptance tests. These data are assumed to be based on reportable values consistent with
the intended use of the analytical procedure. The required statistics needed to compute the

desired confidence intervals are  = 0.374, S1
2= 4.672, S2

2 = 1.299, c = 9, and r = 3.
Assume the preselected criteria in Table 3 have been established before validation. Note the

criterion for the –content interval is wider than for the –expectation interval because the 

–content inference pertains to all future measurements and the –expectation interval
inference pertains only to the next measured value.

Table 3: Preselected Acceptance Criteria

Test Acceptance Criterion

Relative Bias Between –5% and +5%
Relative Intermediate Precision Standard Deviation Less than 3%

-expectation Tolerance Interval Between –10% and +10%

-content Tolerance Interval Between –15% and +15%

Procedure Capability Greater than 0.67
Bayesian Computed probability greater than  = 0.95

From equation (10), the 95% two-sided confidence interval on the relative bias (%) is

Because the computed interval [–0.6%; 1.3%] falls within the range of –5% to +5% specified in
Table 3, then the procedure is validated for accuracy. 
The estimate of the intermediate precision standard deviation from (9) is

From equation (11) the 95% upper bound on the intermediate precision variance with H1 =
1.928 and H2 = 0.9168 is
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The square root of the bound in (21) provides the 95% upper bound on 

= 2.4% of  . The 95% upper bound on
the intermediate precision variance from equation (12) is

The 95% upper bound on the relative intermediate precision standard deviation based on the

Satterthwaite approximation is = = 2.2%. Because 2.4% and 2.2%
are both less than 3% as required in Table 3, the procedure is validated for precision using
either upper bound. 

Now consider the combined criteria described in Section 5.0. From equation (14), the -

expectation tolerance interval with  = 0.95 is

Because the bounds in (24) fall in the range from –10% to +10% as required in Table 3, the
procedure has been validated. 
From equation (15), the tolerance interval that contains 95% of the area with 95% confidence
is

PF 39(3): May-Jun. 2013 497



Because the tolerance interval in (25) falls within the limits from –15% to +15%, the procedure
is successfully validated. 
The computed value of the capability index shown in equation (17) is

and the computed 95% lower bound using equation (18) is

Because the 95% lower bound of 2.24 exceeds 0.67 as required in Table 3, the procedure is
demonstrated to be fit for purpose. 
The Bayesian analysis is performed using code in WinBUGS and is reported in the Appendix.
There is 95% confidence that 99.98% of future relative biases will be within [–10%, +10%].

Because 99.98% exceeds the criteria of  = 0.95 = 95%, the procedure is validated.

7.0 FINAL CONSIDERATIONS 
Once the acceptance criterion is selected, analysts should reconsider the design in Table 2 to
ensure sample sizes are sufficiently large to provide adequate power. To do this, analysts
perform a statistical power calculation. The statistical power is defined as the probability that
one passes the statistical test when the true value under consideration satisfies the criterion. 
For example, suppose the preselected acceptance criterion requires the lower bound in (18) to
be greater than or equal to 0.67. That is, fitness for purpose is demonstrated if the 95% lower
bound in equation (18) exceeds 0.67. 
Figure 1 presents power curves for two statistical designs with two values of the intraclass
correlation,

The curves are based on a computer simulation of 100,000 values.

Figure 1. Power curve for example problem.

Note that power is a function of the sample size used in the design (c and r), the true value of

CPK, and the intraclass correlation, (0.1 and 0.9). For a fixed sample size and fixed value of

CPK, the power decreases as  increases. Thus, if  is relatively large, it is important to ensure
the number of random conditions, c, is sufficiently large. 
If the bias (or relative bias) is constant across multiple concentration values, one can combine
(pool) data across concentrations when estimating the bias and when computing the
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confidence interval. Pooling is advantageous because it increases statistical power. In a similar
manner, statistical power can be increased by pooling data when either the standard deviation
or the relative standard deviation is constant across a range of examined concentrations.
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9.0 APPENDIX: WinBUGS ANALYSIS OF NUMERICAL EXAMPLE 
The following WinBUGS code provides a Bayesian analysis of the numerical example from Section
6.0. The code is based on the WinBUGS Dyes example (14) using noninformative prior
assumptions and starting values appropriate for this example. A notable feature of Bayesian
analysis is the ability to estimate probabilities for such events as individual relative biases or

the 95% -content interval for individual biases exceeding some predetermined acceptance
range. For this example we chose acceptance ranges of [–10; +10] and [–15; +15],
respectively, for these events. Indicators of these events (Exceed.Ind and Conf.Ind,
respectively) were generated using the WinBUGS step function. Further details about acquiring
and using WinBUGS is provided in the references (13,14). The code used 20,000 draw burn in,
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100,000 draw MCMC sample, with no thinning. 
Note that Bayesian interval counterparts to the confidence intervals for bias and intermediate
precision in Section 4.0 also can be computed. They are computed in the WinBUGS code and
are reported at the end of this section. 

Table 4 reports a summary of the Bayesian analysis.

Table 4: Mean, Standard Deviation, and Percentiles of Posterior or Predictive Posterior
Distributions of Quantities of Interest

Row Node Mean Standard Deviation MC Error 2.5% 5.0% Median 95.0% 97.5%

1 Conf.Ind 1.0 0.007071 2.631E–5 1.0 1.0 1.0 1.0 1.0

2 Coverage 0.9998 0.003031 1.503E–5 0.9992 0.9998 1.0 1.0 1.0

3 Cpk 2.841 0.5728 0.003525 1.662 1.865 2.858 3.758 3.923

4 Exceed.Ind 2.0E–4 0.01414 4.77E–5 0.0 0.0 0.0 0.0 0.0

5 mu 0.3729 0.5084 0.00208 –0.6359 –0.4412 0.3714 1.187 1.394

6 sigma.IP 1.78 0.4199 0.002626 1.242 1.297 1.694 2.549 2.839

7 y.future 0.3718 1.9 0.006254 –3.377 –2.697 0.3638 3.468 4.15

The conclusions from Table 4 are summarized below:

1. Row 1: The central 95% interval of future results falls within +/   with greater than
95% confidence (mean of Conf.Ind = 1.0).

2. Row 2: There is 95% confidence that 99.98% of future relative biases will be within [–
10%; +10%] (the 5th percentile of Coverage is 0.9998).

3. Row 3: The Cpk is 2.841 with a 95% credible lower bound of 1.865.
4. Row 4: The probability that future biases will exceed [–10; +10] is 0.02% (mean of

Exceed.Ind = 0.0002).
5. Row 5: Bias is +0.3729 with a 95% credible interval of –0.6359 to +1.394.
6. Row 6: Intermediate precision is 1.78 with a 95% credible upper bound of 2.549.
7. Row 7: The 95% expectation tolerance interval for future results is –3.377 to +4.15.

a  Correspondence should be addressed to: Horacio Pappa, PhD, Principal Scientific Liaison, US Pharmacopeial
Convention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; 301.816.8319; e-mail hp@usp.org.
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national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).

The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF

The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond
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Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.

PF 39(4): Jul.-Aug. 2013 9



Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

BRIEFING

Bupropion Hydrochloride Extended-Release Tablets, USP 36 page 2708. USP has received
comments indicating that the procedure in the Assay does not work because the system
suitability requirement for the relative response factor of m-chlorobenzoic acid is not being
met. The procedure in the test for Organic Impurities is not correct because the system
suitability requirements were not cross-referenced when the monograph was reformatted to
current USP style. An Interim Revision Announcement is proposed per the USP Guideline on
Use of Accelerated Process for Revisions to the USP–NF to address these tests that do not
work properly. The relative response factor requirement from the Assay is deleted because
the remaining criteria are sufficient to establish system suitability. Relevant system
suitability requirements are added to the test for Organic Impurities.

This proposed Interim Revision Announcement also includes the addition of Dissolution Test 10,
Dissolution Test 11, Dissolution Test 12, and Dissolution Test 13 with different conditions
and tolerances for products approved by the FDA .

On the basis of other comments received and USP monograph improvement efforts, additional
revisions are listed below:

1. Revise the Assay as follows:
a. Delete System suitability stock solution B and System suitability solution B

because they are no longer needed to support the relative response factor
requirement for m-chlorobenzoic acid.

b. Revise the names and concentrations of the remaining solutions used for system
suitability and the corresponding resolution requirement between bupropion
related compound F and bupropion related compound C from NLT 1.5 to NLT
1.3. These concentrations and the Resolution requirement are sufficient to
demonstrate the suitability of this system for the analysis of bupropion.
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c. Clarify that the concentrations in Sample solution A and Sample solution B refer
to bupropion hydrochloride from the corresponding stock solutions.

2. Revise the Standard solution concentrations in Dissolution Test 1, Dissolution Test 2,
Dissolution Test 4, Dissolution Test 6, and Dissolution Test 8 for consistency with
the expected Sample solution concentrations.

3. Delete the cell length descriptions in Dissolution Test 1, Dissolution Test 4, and
Dissolution Test 6 because the values are consistent with the 1-cm default value in

the general chapter Spectrophotometry and Light-Scattering 851 , Absorption
Spectrophotometry.

4. Delete the explicit statements, in the Medium and Buffer descriptions in Dissolution Test
2, requiring that the pH be within 0.05 units of the indicated pH because this
requirement is specified in the referenced general chapter.

5. Remove the cross-references in Dissolution Test 3, Dissolution Test 5, Dissolution Test
6, Dissolution Test 7, and Dissolution Test 9 to other dissolution procedures to
improve the clarity of the monograph.

6. Revise Dissolution Test 3, on the basis of comments received, to be consistent with
FDA-approved tolerances for different tablet strengths.

7. Revise Dissolution Test 8, on the basis of comments received, to incorporate the use of
a two-stage medium instead of a one-stage medium and to update the times,
analysis, and tolerances.

8. Delete the procedure specified in the test for Uniformity of Dosage Units 905  to
allow flexibility.

9. Revise the test for Organic Impurities as follows:
a. Reduce the concentration of the Standard solution to a concentration similar to

that of the acceptance criteria.
b. Add system suitability requirements including a relative response factor

requirement for 3-chlorobenzoic acid to establish that the detector
wavelength is suitable; the impurities are very sensitive to errors in the
detector wavelength.

c. Replace the quantitation of 3-chlorobenzoic acid using USP Bupropion
Hydrochloride RS and a relative response factor with the use of USP 3-
Chlorobenzoic Acid RS.

10. Add USP 3-Chlorobenzoic Acid RS to the USP Reference Standards section in support of
the proposed revisions to the test for Organic Impurities.

11. Add storage conditions that are consistent with those products approved by the FDA.

Additionally, the monograph is updated to be consistent with USP style such as moving the
relative response factor from the numerator into the denominator and updating the trivial
and chemical names for the impurities listed in Table 15.

The comment period for this revision ends on September 30, 2013. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement with an official date of January 1, 2014.

(SM4: H. Joyce.)
Correspondence Number—C113649; C115142; C118314; C119142; C120357; C124661

Comment deadline: September 30, 2013
Bupropion Hydrochloride Extended-Release Tablets
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DEFINITION

Bupropion Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of bupropion hydrochloride (C13H18ClNO·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Crush 1 Tablet using a mortar and pestle. Prepare an approximate 1% (w/w)

dispersion of the sample in potassium bromide.
Acceptance criteria:  The Sample shows strong bands at about 1690, 1560, and 1240 cm

1 and a weaker band at about 740 cm 1, similar to the reference preparation.
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Diluent 1:  Methanol and 0.001 N hydrochloric acid (20:80)
Solution A:  Acetonitrile, trifluoroacetic acid, and water (10: 0.04: 90)
Solution B:  Acetonitrile, trifluoroacetic acid, and water (95: 0.03: 5)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
3.4 87 13
10.0 15 85
10.1 0 100
13.0 0 100
13.2 90 10
19.0 90 10

System suitability stock solution A

:  0.02 mg/mL of USP Bupropion Hydrochloride Related Compound C RS and 0.2 mg/mL of
USP Bupropion Hydrochloride Related Compound F RS in methanol

System suitability solution A:  0.0018 mg/mL of USP Bupropion Hydrochloride Related
Compound C RS and 0.018 mg/mL of USP Bupropion Hydrochloride Related Compound F RS
from System suitability stock solution A in Diluent 1
System suitability solution:  0.002 mg/mL of bupropion hydrochloride related compound
C and 0.02 mg/mL of bupropion hydrochloride related compound F from the System
suitability stock solution in Diluent 1

System suitability stock solution B:  90 µg/mL of m-chlorobenzoic acid in water
System suitability solution B:  1.8 µg/mL of m-chlorobenzoic acid from System suitability

stock solution B in Diluent 1

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Standard solution:  0.6 mg/mL of USP Bupropion Hydrochloride RS in Diluent 1
Sample stock solution A:  Transfer a number of Tablets intact or crushed, to a suitable

homogenizer vessel containing sufficient methanol to obtain a concentration of 3.0 mg/mL
of bupropion hydrochloride. Immediately homogenize the sample for 30 s at 20,000 rpm.
Allow extraction for 3 min, and follow by two additional 10-s pulses, each at 20,000 rpm,
pausing 3 min between these pulses to ensure complete extraction. Pass a portion of the
solution through a nylon filter of 0.45-µm pore size, discarding the first 2–4 mL of the
filtrate.

Sample solution A:  Nominally 0.6 mg/mL of
bupropion hydrochloride from

Sample stock solution A in 0.001 N hydrochloric acid.

Alternatively, the Sample solution can be prepared as follows.
Buffer:  Dissolve 100 g of anhydrous disodium hydrogen phosphate in 1 L of water. Add 50

mL of phosphoric acid, stir or sonicate until dissolved, and mix. Adjust with phosphoric
acid to a pH of 3.0.

Diluent 2:  Methanol and Buffer (20:80)
Sample stock solution B:  Weigh and grind NLT 20 Tablets to prepare a solution having a

nominal concentration of 3 mg/mL. Initially add Diluent 2 (75% of the volume of the flask),
stir for 30 min, and sonicate for 15 min. Dilute with Diluent 2 to volume. Centrifuge a
portion of the resulting solution, and use the supernatant.

Sample solution B:  Nominally 0.6 mg/mL of
bupropion hydrochloride from

Sample stock solution B in Diluent 2
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 226 nm
Column:  4.6-mm × 10-cm; 3.5-µm packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution A, System suitability solution B, and Standard

solution
Samples:  System suitability solution and Standard solution

[Note—See Table 15 for the relative retention times.]

Suitability requirements 
Resolution:  NLT 1.5 between bupropion hydrochloride related compound C and bupropion

hydrochloride related compound F , System suitability solution A
NLT 1.3 between bupropion hydrochloride related compound F and bupropion hydrochloride
related compound C, System suitability solution

Tailing factor:  NMT 1.9, Standard solution
Relative standard deviation:  NMT 1.5%, Standard solution
Relative response factor:  Between 0.22 and 0.26 for m-chlorobenzoic acid. [Note—Use the

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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responses from System suitability solution B and the Standard solution.]

Analysis 
Samples:  Standard solution and Sample solution A or Sample solution B

Calculate the percentage of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) in
the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of bupropion hydrochloride from Sample solution A or Sample solution B
rS= peak response of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of bupropion hydrochloride in Sample solution A or Sample solution B

(mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
For products labeled for dosing every 12 h 

Test 1 
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Times:  1, 4, and 8 h
Standard solution:  USP Bupropion Hydrochloride RS at a known concentration in

Medium
(L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is the label
claim, in mg/Tablet. Dilute with Medium, if necessary.

Sample solution:  Pass a portion of the solution under test through a suitable filter, and
dilute with Medium, if necessary.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Cell:  1.0 cm

Blank:  Medium
Analysis 

Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 2.

Table 2

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Time
(h)

Amount
Dissolved

1 25%–45%
4 60%–85%
8 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 2:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 2.
Medium:  0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of concentrated

hydrochloric acid to 6000 mL of water, adding 18 g of sodium hydroxide, mixing, and
adjusting with either diluted sodium hydroxide or hydrochloric acid to a pH of 1.5 ± 0.05

); 900 mL, deaerated
Apparatus 1:  50 rpm
Times:  1, 2, 4, and 6 h

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved by using the following method.

Buffer:  3.45 g of monobasic sodium phosphate monohydrate in 996 mL of water. Add 4.0 mL
of triethylamine, and adjust with phosphoric acid to a pH of 2.80. ± 0.05

Mobile phase:  Methanol and Buffer (35:65)
Standard solution:  USP Bupropion Hydrochloride RS in Medium at a known concentration

similar to the one expected in the Sample solution
(L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is the label claim, in
mg/Tablet 

Sample solution:  Use portions of the solution under test, and pass through a nylon filter of
0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 298 nm
Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Determine the percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)
dissolved.

Tolerances:  See Table 3.

Table 3

Time
(h)

Amount
Dissolved

1 25%–50%
2 40%–65%
4 65%–90%
6 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 3:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 3.
Medium, Apparatus 2, Standard solution, Sample solution, instrumental conditions,

and Analysis:  Proceed as directed for Test 1, except the wavelength is about 250 nm,
and use wire coil sinkers, if necessary.

Times:  1, 2, 4, and 6 h
Tolerances:  See Table 4.

Table 4

Time
(h)

Amount
Dissolved(%)

1 30%–55%
2 50%–75%
4 70%–90%
6 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .

Medium:  Water; 900 mL
Apparatus 2:  50 rpm. Use wire coil sinkers, if necessary.
Times:  1, 2, 4, and 6 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L

is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution:  Pass a portion of the solution under test through a suitable filter, and

dilute with Medium, if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  250 nm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

(IRA 1-Jan-2014)
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Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.
Tolerances:  See Table 4.

Table 4

Time
(h)

Amount Dissolved for Tablets
which contain 200 mg of
bupropion hydrochloride

Amount Dissolved for Tablets which
contain all other strengths of

bupropion hydrochloride

1 30%–50% 30%–55%
2 45%–65% 50%–75%
4 65%–85% 70%–90%
6 NLT 78% NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)

dissolved at the times specified conform to Acceptance Table 2 in 711 .

Test 5:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 5.
Medium and Analysis:  Proceed as directed for Test 1.
Times:  1, 3, and 6 h
Instrumental conditions:  Proceed as directed for Test 1, except use a 0.5-cm cell.

Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Times:  1, 3, and 6 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L

is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution:  Pass a portion of the solution under test through a suitable filter, and

dilute with Medium, if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Cell:  0.5 cm
Blank:  Medium

Analysis 
Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 5.

Table 5

Time
(h)

Amount
Dissolved

1 35%–55%
3 65%–85%

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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6 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 7:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 7.
Medium, Apparatus 1, and Times:  Proceed as directed for Test 2, including the

quantitative chromatographic method, but using as the Mobile phase a mixture of Buffer
with methanol (55:45).
Medium:  0.1 N hydrochloric acid, pH 1.5 (prepared by transferring 50 mL of concentrated
hydrochloric acid to 6000 mL of water, adding 18 g of sodium hydroxide, mixing, and
adjusting with either diluted sodium hydroxide or hydrochloric acid to a pH of 1.5); 900 mL,
deaerated
Apparatus 1:  50 rpm
Times:  1, 2, 4, and 6 h
Buffer:  3.45 g of monobasic sodium phosphate monohydrate in 996 mL of water. Add 4.0

mL of triethylamine, and adjust with phosphoric acid to a pH of 2.80.
Mobile phase:  Methanol and Buffer (45:55)
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L

is the label claim, in mg/Tablet
Sample solution:  Use portions of the solution under test, and pass through a nylon filter

of 0.45-µm pore size.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 298 nm
Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 6.

Table 6

Time
(h)

Amount
Dissolved

1 25%–50%
2 45%–70%

(IRA 1-Jan-2014)
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4 NLT 70%
6 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 9:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 9.
Medium:  0.1 N hydrochloric acid, pH 1.5 (prepared as directed for Test 2
by transferring 50 mL of concentrated hydrochloric acid to 6000 mL of water, adding 18 g of
sodium hydroxide, mixing, and adjusting with either diluted sodium hydroxide or hydrochloric
acid to a pH of 1.5.);

900 mL
Apparatus 1:  50 rpm
Times:  1, 2, 4, and 8 h
Standard solution:  (L/1000) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L

is the label claim, in mg/Tablet
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Instrumental conditions:   Proceed as directed for Test 1.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Blank:  Medium
Analysis 

Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 7.

Table 7

Time
(h)

Amount
Dissolved

1 20%–45%
2 35%–55%
4 55%–85%
8 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 10:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 10.
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Times:  1, 2, 4, and 8 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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the label claim, in mg/Tablet
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Cell:  0.5 cm
Blank:  Medium

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amounts of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved at each time point (i):

Result i = (Ai/AS) × CS × V × (1/L) × 100

Ai= absorbance of bupropion hydrochloride from the Sample solution at time point i
AS= absorbance of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances:  See Table 8.

Table 8

Time point
(i)

Time
(h)

Amount
Dissolved

1 1 20%–40%
2 2 35%– 60%
3 4 55%– 85%
4 8 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)

dissolved at the times specified conform to Acceptance Table 2 in 711 .

For products labeled for dosing every 24 h 
Test 4:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 4.
Medium:  0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1:  75 rpm
Times:  2, 4, 8, and 16 h
Standard solution:  USP Bupropion Hydrochloride RS at a known concentration in Medium
(L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is the label claim, in
mg/Tablet. Dilute with Medium, if necessary.

Sample solution:  Pass a portion of the solution under test through a suitable filter, and

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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dilute with Medium, if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  252 nm
Cell:  1.0 cm

Blank:  Medium
Analysis 

Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 9.

Table 9

Time
(h)

Amount
Dissolved

2 NMT 20%
4 20%–45%
8 65%–90%
16 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 6:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 6.
Medium and Apparatus 1:  Proceed as directed for Test 4.
Times:  1, 2, 4, 8, and 12 h
Standard solution:  USP Bupropion Hydrochloride RS at a known concentration in Medium

Medium:  0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1:  75 rpm
Times:  1, 2, 4, 8, and 12 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L

is the label claim, in mg/Tablet. Dilute with Medium, if necessary.
Sample solution:  Pass a portion of the solution under test through a suitable filter, and

dilute with Medium, if necessary.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Cell:  1.0 cm

Blank:  Medium
Analysis 
Samples:  Standard solution and Sample solution

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 10.

Table 10

Time
(h)

Amount
Dissolved

1 15%–35%
2 25%–50%
4 40%–65%
8 65%–90%
12 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 8:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 8.
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  75 rpm
Times:  2, 4, 8, and 16 h
Standard solution 

For Tablets labeled to contain 150 mg:  USP Bupropion Hydrochloride RS dissolved in
Medium (about 0.167 mg/mL)

For Tablets labeled to contain 300 mg:  USP Bupropion Hydrochloride RS dissolved in
Medium (about 0.333 mg/mL)

Acid stage medium:  0.1 N hydrochloric acid; 900 mL
Buffer stage medium:  pH 6.8 phosphate buffer (see Reagents, Indicators, and Solutions—

Buffer Solutions); 900 mL
Apparatus 1:  75 rpm
Times:  2 h in Acid stage medium; 3, 8, and 16 h in Buffer stage medium. The time in the

Buffer stage medium includes the time in the Acid stage medium.
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Acid stage

medium, where L is the label claim, in mg/Tablet
Sample solution:  Pass a portion of the solution under test through a suitable filter of 0.45-

µm pore size.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Blank:  Medium
Analysis 
Samples:  Standard solution and Sample solution

Determine the percentages of the labeled amount of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved.

Tolerances:  See Table 11.

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Table 10

Time
(h)

Amount
Dissolved

2 NMT 10%
4 10%–35%
8 45%–75%
16 NLT 80%

Table 11

Time
(h)

Amount
Dissolved

2 NMT 10%
3 10%–30%
8 60%–90%
16 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl) dissolved

at the times specified conform to Acceptance Table 2 in 711 .
Test 11:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 11.
Acid stage medium:  0.1 N hydrochloric acid; 750 mL
Buffer stage medium:  pH 6.8 phosphate buffer (Add 250 mL of 0.2 M tribasic sodium

phosphate to the Acid stage medium, adjust with 2 N hydrochloric acid or 2 N sodium
hydroxide to a pH of 6.8, if necessary.); 1000 mL

Apparatus 2:  50 rpm
Times:  2 h in Acid stage medium; 3, 8, and 16 h in Buffer stage medium. The time in the

Buffer stage medium includes the time in the Acid stage medium.
Acid stage standard solution:  0.06 mg/mL of USP Bupropion Hydrochloride RS in Acid stage

medium. Sonication may be used to aid in dissolution.
Buffer stage standard solution:  0.15 mg/mL of USP Bupropion Hydrochloride RS in Buffer

stage medium. Sonication may be used to aid in dissolution.
Sample solution:  Pass a portion of the solution under test through a suitable filter of 0.45-

µm pore size.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  298 nm
Cell:  0.5 cm
Blank:  Acid stage medium or Buffer stage medium

Analysis 
Samples:  Acid stage standard solution, Buffer stage standard solution, and Sample

solution

Calculate the concentration (Ci) of bupropion hydrochloride (C13H18ClNO·HCl) in the sample
withdrawn from the vessel at time point (i):

(IRA 1-Jan-2014)
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Result i = (Ai/AS) × CS

Ai= absorbance of bupropion hydrochloride from the Sample solution at time point i
AS= absorbance of bupropion hydrochloride from the Acid stage standard solution or Buffer

stage standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Acid stage standard solution or

Buffer stage standard solution (mg/mL)

Calculate the percentage of the labeled amounts of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved at each time point (i):

Result1 = C1 × VA × (1/L) × 100

Result2 = {[C2 × (VB  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = ({C3 × [VB  (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

Result4 = ({C4 × [VB  (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100

Ci= concentration of bupropion hydrochloride in the portion of the sample withdrawn at time
point i (mg/mL)

VA= volume of Acid stage medium, 750 mL
L= label claim (mg/Tablet)
VB= volume of Buffer stage medium, 1000 mL
VS= volume of Sample solution withdrawn from the Acid stage medium or Buffer stage

medium (mL)
Tolerances:  See Table 12.

Table 12

Timepoint
(i)

Time
(h)

Amount
Dissolved

1 2 NMT 10%
2 3 10%–30%
3 8 55%–85%
4 16 NLT 75%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)

dissolved at the times specified conform to Acceptance Table 2 in 711 .
Test 12:  If the product complies with this test, the labeling indicates that it meets USP

Dissolution Test 12.
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  75 rpm
Times:  2, 4, 8, and 12 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is

the label claim, in mg/Tablet
Sample solution:  Withdraw at least 10 mL of the solution under test and pass through a

suitable filter.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)

PF 39(4): Jul.-Aug. 2013 25



Mode:  UV-Vis
Analytical wavelength:  252 nm
Cell 

For tablets labeled to contain 150 mg:  0.1 cm
For tablets labeled to contain 300 mg:  0.05 cm

Blank:  Medium
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 3.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of bupropion hydrochloride (C13H18ClNO·HCl) in the sample
withdrawn from the vessel at time point (i):

Result i = (Ai/AS) × CS

Ai= absorbance of bupropion hydrochloride from the Sample solution at time point i
AS= absorbance of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution(mg/mL)

Calculate the percentage of the labeled amounts of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved at each time point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = ({C3 × [V  (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

Result4 = ({C4 × [V  (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100

Ci= concentration of bupropion hydrochloride in the portion of the sample withdrawn at time
point i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
VS= volume of Sample solution withdrawn from the Medium (mL)
Tolerances:  See Table 13.

Table 13

Timepoint
(i)

Time
(h)

Amount
Dissolved

1 2 NMT 25%
2 4 25%–50%
3 8 60%–85%
4 12 NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)

dissolved at the times specified conform to Acceptance Table 2 in 711 .
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Test 13:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 13.
Medium:  0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 1:  75 rpm
Times:  2, 4, 8, and 12 h
Standard solution:  (L/900) mg/mL of USP Bupropion Hydrochloride RS in Medium, where L is

the label claim, in mg/Tablet
Sample solution:  Withdraw at least 10 mL of the solution under test and centrifuge. Use

the supernatant.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  252 nm
Cell:  0.1 cm
Blank:  Medium

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of bupropion hydrochloride (C13H18ClNO·HCl) in the sample
withdrawn from the vessel at time point (i):

Result i = (Ai/AS) × CS

Ai= absorbance of bupropion hydrochloride from the Sample solution at time point i
AS= absorbance of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)

Calculate the percentage of the labeled amounts of bupropion hydrochloride
(C13H18ClNO·HCl) dissolved at each time point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = ({C3 × [V  (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

Result4 = ({C4 × [V  (3 × VS)]} + [(C3 + C2 + C1) × VS]) × (1/L) × 100

Ci= concentration of bupropion hydrochloride in the portion of the sample withdrawn at time
point i (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
VS= volume of Sample solution withdrawn from the Medium (mL)
Tolerances:  See Table 14.

Table 14
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Timepoint
(i)

Time
(h)

Amount Dissolved
(150 mg/Tablet)

Amount Dissolved
(300 mg/Tablet)

1 2 NMT 25% NMT 25%
2 4 30%–55% 25%–45%
3 8 65%–90% 60%–80%
4 12 NLT 80% NLT 80%

The percentages of the labeled amount of bupropion hydrochloride (C13H18ClNO·HCl)

dissolved at the times specified conform to Acceptance Table 2 in 711 .

•  Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity 

Standard solution:  0.33 mg/mL of USP Bupropion Hydrochloride RS in water
Sample solution:  Transfer 1 Tablet to a suitable homogenizer vessel containing a

volume of water to obtain a concentration of about 0.33 mg of bupropion hydrochloride
per mL. Immediately homogenize the sample using single 30-s pulses each at 5000,
10,000, and 15,000 rpm, and follow by two pulses each at 20,000 rpm. After the
homogenate has settled, mix at 5000 rpm for an additional 30 s. Pass a portion of the
solution through a nylon filter of 0.45-µm pore size, discarding the first 4 mL of the
filtrate.

Analysis:  Proceed as directed for the appropriate Dissolution procedure, using a 0.5-cm
cell, and correct for dilution.

IMPURITIES

Change to read:
•  Organic Impurities

Solution A, Solution B, Mobile phase, System suitability solution A, System
suitability solution B, Standard solution, Sample solution A or Sample solution B,
and Chromatographic system:  Proceed as directed in the Assay.

Analysis 
Samples:  Standard solution and Sample solution A or Sample solution B

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak response of each impurity from Sample solution A or Sample solution B
rS= peak response of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of bupropion hydrochloride in Sample solution A or Sample

solution B (mg/mL)
F= relative response factor for each impurity (see Table 11 for values)

Acceptance criteria:  See Table 11.

Table 11

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

100 
mg 
or
less

150 
mg 
or
greater

2-Amino-1-(3-chlorophenyl)-1-propanone 0.38 0.80 0.3 0.3
(3S,5S,6S)-6-(3-Chlorophenyl)-6-hydroxy-5-

methyl-3-thiomorpholine carboxylic acid 0.56 0.86 1.0 1.5
(3S,5R,6R)-6-(3-Chlorophenyl)-6-hydroxy-5-

methyl-3-thiomorpholine carboxylic acid 0.78 0.88 0.5 0.4
Bupropion 1.0 — — —
Bupropion related compound F 1.71 0.55 1.2 2.3
Bupropion related compound C 1.75 0.59 0.3 0.3
m-Chlorobenzoic acid 1.80 0.24 0.3 0.3
1-(3-Chlorophenyl)-1,2-propanedione 2.25 1.00 0.4 0.4
Any unspecified degradation product — 1.00 0.2 0.2
Total impurities — — 3.2 3.3

Diluent 1, Solution A, Solution B, Mobile phase, and Sample solution A or Sample
solution B:  Proceed as directed in the Assay.
System suitability stock solution A:  0.02 mg/mL of USP Bupropion Hydrochloride

Related Compound C RS, 0.02 mg/mL of USP Bupropion Hydrochloride Related Compound
F RS, and 0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol

System suitability solution A:  0.002 mg/mL of bupropion hydrochloride related
compound C, 0.002 mg/mL of bupropion hydrochloride related compound F, and 0.0012
mg/mL of 3-chlorobenzoic acid from System suitability stock solution A in Diluent 1

System suitability stock solution B:  0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in
methanol

System suitability solution B:  0.0012 mg/mL of 3-chlorobenzoic acid from System
suitability stock solution B in Diluent 1

Standard solution:  0.0012 mg/mL of USP Bupropion Hydrochloride RS in Diluent 1
Chromatographic system:  Proceed as directed in the Assay except use a Detector as

follows:
Detector:  UV 226 nm, adjusted ±2 nm so that the relative response factor

requirement is met. [Note—The peak responses of the compounds of interest are very
sensitive to changes in the detection wavelength.]

System suitability 
Samples:  System suitability solution A, System suitability solution B, and Standard

solution
[Note—See Table 15 for the relative retention times.]

Suitability requirements 
Resolution:  NLT 1.3 between bupropion hydrochloride related compound F and

bupropion hydrochloride related compound C, System suitability solution A; NLT 1.3
between bupropion hydrochloride C and 3-chlorobenzoic acid, System suitability
solution A

Relative standard deviation:  NMT 10%, Standard solution
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Relative response factor:  3.8–4.5 for the peak response of 3-chlorobenzoic acid in
the System suitability solution B divided by the peak response from bupropion in
Standard solution B

Analysis 
Samples:  System suitability solution B, Standard solution, and Sample solution A or

Sample solution B

Calculate the percentage of 3-chlorobenzoic acid in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of 3-chlorobenzoic acid from Sample solution A or Sample solution B
rS= peak response of 3-chlorobenzoic acid from System suitability solution B
CS= concentration of USP 3-Chlorobenzoic Acid RS in System suitability solution B

(mg/mL)
CU= nominal concentration of bupropion hydrochloride in Sample solution A or Sample

solution B (mg/mL)

Calculate the percentage of each other impurity in the portion of Tablets taken:

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

rU= peak response of each other impurity from Sample solution A or Sample solution B
rS= peak response of bupropion hydrochloride from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of bupropion hydrochloride in Sample solution A or Sample

solution B (mg/mL)
F= relative response factor for each other impurity (see Table 15)
Acceptance criteria:  See Table 15.

Table 15

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

100
mg
or

less

150
mg
or

greater

Bupropion aminea 0.38 1.2 0.3 0.3

S,S,S-Thiomorpholine derivativeb 0.56 1.1 1.0 1.5

R,S,S-Thiomorpholine derivativec 0.78 1.1 0.5 0.4
Bupropion 1.0 — — —
Bupropion related compound F 1.71 1.8 1.2 2.3
Bupropion related compound C 1.75 1.7 0.3 0.3
3-Chlorobenzoic acid 1.80 — 0.3 0.3
Bupropion dione derivatived 2.25 1.00 0.4 0.4
Any unspecified degradation product — 1.00 0.2 0.2
Total impurities — — 3.2 3.3
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a  2-Amino-1-(3-chlorophenyl)-1-propanone.
b  (3S,5S,6S)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine carboxylic acid.

c  (3S,5R,6R)-6-(3-Chlorophenyl)-6-hydroxy-5-methyl-3-thiomorpholine carboxylic acid.

d  1-(3-Chlorophenyl)propane-1,2-dione.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from light.

•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.

Change to read:

•  USP Reference Standards 11
USP Bupropion Hydrochloride RS 
USP Bupropion Hydrochloride Related Compound C RS  

1-(3-Chlorophenyl)-2-hydroxy-1-propanone.     
C9H9O2Cl      184.62

USP Bupropion Hydrochloride Related Compound F RS  
1-(3-Chlorophenyl)-1-hydroxy-2-propanone.     
C9H9O2Cl      184.62

USP 3-Chlorobenzoic Acid RS 
3-Chlorobenzoic Acid. 
C7H5ClO2      156.57

BRIEFING

Simethicone Emulsion, USP 36 page 5141 and PF 38(4) [July–Aug. 2012]. The proposal
published in PF 38(4) addressed possible interference of the excipient matrix with the
Infrared Absorption Identification test. It was proposed to revise the Acceptance criteria
and include the list of characteristic polydimethylsiloxane bands to be present in the spectra

recorded using 197A  (ATR mode).

On the basis of comments received, this proposal is now revised to allow the use of both 

197A  and 197F  procedures and to provide separate Acceptance criteria for the spectra
collected in the ATR mode and in the transmission mode.

In addition, editorial changes have been made to make the monograph consistent with current
USP editorial style.

The comment period for this revision ends September 30, 2013. In the absence of any
significant adverse comments, it is proposed to implement this revision via an Interim
Revision Announcement, with an official date of January 1, 2014.

(SM3: E. Gonikberg.)
Correspondence Number—C131043

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)
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Comment deadline: September 30, 2013
Simethicone Emulsion

DEFINITION

Simethicone Emulsion is a water-dispersible form of Simethicone composed of Simethicone,
suitable emulsifiers, preservatives, and water. It may contain suitable viscosity-increasing
agents. It contains an amount of polydimethylsiloxane ([–(CH3)2SiO–]n) that is NLT 85.0% and
NMT 110.0% of the labeled amount of simethicone.

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197A

197
[Note—Use the Blank to set the instrument.]

Blank,

Standard solution and Sample solution:  Prepare as directed in the Assay.
Analysis:  Place a suitable amount of the Sample solution (typically 5–25 drops) in the

sample trough,
in a suitable container,

and dry it with a stream of nitrogen or other appropriate means to evaporate the solvent.
Examine the spectrum

Similarly proceed with the Standard solution. Record the spectra of the residues using 

197A  or 197F , and examine the spectra

in the range between 1400 cm 1 and 700 cm 1.
Acceptance criteria:  It exhibits maxima only at the same wavelengths as a similarly

obtained spectrum of the Standard solution. 

For the spectra obtained using 197A : The spectrum from the Sample solution shows

strong bands at 1260 ± 10 cm 1, 1015 ± 15 cm 1, and 795 ± 15 cm 1, and a broad

shoulder at 1085 ± 15 cm 1, similar to the spectrum from the Standard solution. [Note

—The exact maxima of the broad shoulder near 1085 cm 1 may differ by up to 15 cm 1

for the spectra from the Sample solution and the Standard solution.]

For the spectra obtained using 197F : The spectrum from the Sample solution shows

a strong band at 1260 ± 10 cm 1 and partially resolved bands near 1095 ± 15 cm 1,

1020 ± 15 cm 1, and 800 ± 15 cm 1, similar to the spectrum from the Standard solution.

ASSAY
•  Procedure 

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

(IRA 1-Jan-2014)

PF 39(4): Jul.-Aug. 2013 32



Use glass apparatus only; avoid use of plasticware. Proper mixing of the Emulsion before
sampling and testing is crucial.

Standard solution:  2 mg/mL of USP Polydimethylsiloxane RS in toluene. Treat a 25.0-mL
aliquot of this solution in the same manner as the Blank, beginning with “add 50 mL of
dilute hydrochloric acid (2 in 5)….”

Sample:  Equivalent to 50 mg of simethicone from the Emulsion
Sample solution:  To the Sample add 25.0 mL of toluene. Treat in the same manner as the

Blank, beginning with “add 50 mL of dilute hydrochloric acid (2 in 5)….”
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Infrared
Cell:  0.5 mm

Analytical wavelength:  Maximum absorbance at about 7.9 µm (1259 cm 1)
Blank:  To 25.0 mL of toluene add 50 mL of dilute hydrochloric acid (2 in 5), close the

bottle securely with a cap having an inert liner, vigorously shake by hand for 5 s, then
shake for 5–20 min on a suitable shaker. [Note—The following shakers were found
suitable: (1) a reciprocating shaker at a rate of about 200 oscillations per min and a
stroke of 38 ± 2 mm or (2) a wrist-action shaker with a radius of 13.3 ± 0.4 cm

(measured from center of shaft to center of bottle) and that uses an arc of 10  at a
frequency of 300 ± 30 strokes per min. The recommended shaking time is about 20 min,
which can be adjusted as needed.] Centrifuge the mixture. [Note—The following
centrifuging condition was found suitable: 1500 × g for 30–40 min.] Remove from the
centrifuge, and immediately transfer about 5 mL of the upper organic (toluene) layer to
a 15-mL screw-capped test tube containing about 1 g of anhydrous sodium sulfate.
Close the tube with a screw-cap having an inert liner, agitate vigorously, and centrifuge
the mixture until a clear supernatant is obtained. [Note—The following centrifuging
condition was found suitable: 1500 × g for about 10 min.]

Analysis 
[Note—Wash the cell with copious amounts of toluene to ensure that there is no carryover

or residue.]
Samples:  Standard solution, Sample solution, and Blank

Calculate the percentage of polydimethylsiloxane ([–(CH3)2SiO–]n) in the labeled amount
of simethicone in the Emulsion:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Polydimethylsiloxane RS in the Standard solution (mg/mL)
CU= nominal concentration of simethicone in the Sample solution (mg/mL)
Acceptance criteria:  85.0%–110.0%

IMPURITIES

Change to read:
•  Heavy Metals
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Standard solution:  To 20 mL of chloroform add 1.0 mL of a freshly prepared 0.002%

solution of dithizone in chloroform, 0.5 mL of Standard Lead Solution (see Heavy Metals 

231 ) (containing 10 µg/mL of lead), and 0.5 mL of a mixture of ammonia TS and a 0.2%
solution of hydroxylamine hydrochloride (1:9).

Sample solution:  
1.0 g of Simethicone Emulsion

in 10 mL of chloroform. Dilute with the same solvent to 20 mL. Add 1.0 mL of a freshly
prepared 0.002% solution of dithizone in chloroform, 0.5 mL of water, and 0.5 mL of a
mixture of ammonia TS and a 0.2% solution of hydroxylamine hydrochloride (1:9).

Analysis:  Immediately shake both solutions vigorously for 1 min.
Acceptance criteria:  NMT 5 ppm. Any red color in the Sample solution is not more intense

than that in the Standard solution.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61 : The total aerobic microbial count does not exceed 102

cfu/g.
•  Defoaming Activity

Foaming solution:  10 mg/mL of octoxynol 9 in water
Sample solution:  Transfer a quantity of Emulsion, equivalent to 300 mg of simethicone, to

a 60-mL bottle. Dilute with water to 30 g, cap the bottle, and shake vigorously.
Analysis 
[Note—For each test, use a clean, unused, 250-mL glass jar.]

Add, dropwise, 500 µL of the Sample solution to a clean, unused, cylindrical 250-mL glass
jar, fitted with a 50-mm cap and containing 100 mL of the Foaming solution. Cap the jar,
and clamp it in an upright position on a wrist-action shaker. Using a radius of 13.3 ± 0.4
cm (measured from the center of the shaft to the center of the bottle), shake for 10 s

through an arc of 10  at a frequency of 300 ± 30 strokes per min. Record the time, in s,
required for the foam to collapse. The time for foam collapse is determined at the instant
the first portion of foam-free liquid surface appears, measured from the end of the shaking
period.

Acceptance criteria:  The defoaming activity time does not exceed 15 s.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Polydimethylsiloxane RS 

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the

(ERR 1-Jul-2012)
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comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
 
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text

if slated for an IRA;
new text

if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 

2S (USP 34) indicates that the proposed revision is slated for the Second Supplement to USP 34,
and 
USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

111  DESIGN AND ANALYSIS OF BIOLOGICAL ASSAYS. USP 36 page 108. USP has

developed four general information chapters pertinent to bioassays: 1030 , 1032 , 1033

, and 1034 . The latter three became official August 1, 2012, and 1030  will become

official December 1, 2013. These new chapters largely replace the current general chapter 

111 . It is now proposed to replace the current 111  with a completely revised 111  that
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covers a much reduced set of topics appropriate for a chapter numbered below 1000. This

revision, if approved, will not become official until citations to the current 111  from
monographs and other chapters are updated. To simplify revision of existing documents, the

chapter title and titles of retained sections have been kept as they appear in the current 111

.

(STAT: M. Kibbey.)
Correspondence Number—C130840

Comment deadline: September 30, 2013

Change to read:

111  DESIGN AND ANALYSIS OF BIOLOGICAL ASSAYS

General

The potency of several Pharmacopeial drugs must be determined by bioassay. A controlling
factor in assay design and analysis is the variability of the biological test system, which may
vary in its mean response from one laboratory to another, and from time to time in the same
laboratory. To control this type of variation, the response to a Pharmacopeial drug is compared
with a USP Reference Standard or other suitable standard. For convenience, each such
preparation will be called the “Standard” and each preparation under assay, or Sample, the
“Unknown,” and these will be designated respectively by the symbols S and U. (The Sample is
sometimes referred to as the “test preparation.”)

After elimination of extraneous variables from the comparison of the Standard and the
Unknown, an error variance is computed from the remaining variation, which, while uncontrolled,
can nevertheless be measured. The error variance is required in calculating the confidence
interval of the assayed potency. The confidence interval, known also as the fiducial interval, is
so computed that its upper and lower limits are expected to enclose the true potency of the
Unknown in 19 out of 20 assays. Many assay procedures fix the acceptable width of the
confidence interval, and two or more independent assays may be needed to meet the specified
limit. The confidence limits of the individual component assays usually overlap.

The aim of this chapter is to present a concise account of biometrical procedures for the USP
bioassays. Its various sections are interrelated. Although the procedures are planned primarily
for the assay of a single Unknown, equations for the joint assay of several Unknowns are given
in context throughout the chapter and are summarized in the last section. Proof that an
assayed potency meets its required confidence limits may be based also upon other recognized
biometric methods that have a precision equivalent to that of the methods outlined herein.

A glossary of the terms used in the equations is provided at the end of this chapter.

Steps Preceding the Calculation of Potency

Designs for Minimizing the Error Variance—Variation in response is reduced as much as is
practicable by the limitations imposed on body weight, age, previous handling, environment,
and similar factors. In a number of assays, the test animals or their equivalent are then
assigned at random but in equal numbers to the different doses of the Standard and Unknown.
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This implies an objective random process, such as throwing dice, shuffling cards, or using a
table of random numbers. Assigning the same number of individuals to each treatment simplifies
the subsequent calculations materially, and usually leads to the shortest confidence interval for
a given number of observations. 
In some assays, the potential responses can be assembled into homogeneous sets in advance
of treatment. The differences between sets are later segregated, so that they do not affect
adversely either the computed potency or its confidence interval. One unit within each set,
picked at random, receives each treatment. Examples of randomized sets are the cleared areas
on a single plate in the plate assay of an antibiotic, and four successive paired readings in the
same rat in the Vasopressin Injection assay. Sets of two occur where each test animal is used
twice, as in the assays of Tubocurarine Chloride Injection and Insulin Injection. In these cases,
neither the average differences between individuals nor the order of treatment can bias the
potency or precision. In the microbial assays for vitamin B12 activity and for calcium
pantothenate, replicate tubes are assigned to two or more separate, complete sets, preferably
with the tubes arranged at random within each set. This restricts the variation due to position
or order within a set to the differences within each complete replicate.

Rejection of Outlying or Aberrant Observations—A response that is questionable because of
failure to comply with the procedure during the course of an assay is rejected. Other aberrant
values may be discovered only after the responses have been tabulated, but can then be
traced to assay irregularities, which justify their omission. The arbitrary rejection or retention
of an apparently aberrant response can be a serious source of bias. In general, the rejection of
observations solely on the basis of their relative magnitudes is a procedure to be used
sparingly. When this is unavoidable, each suspected aberrant response or outlier may be tested
against one of two criteria: 
1. The first criterion is based upon the variation within a single group of supposedly equivalent
responses. On the average, it will reject a valid observation once in 25 or once in 50 trials,
provided that relatively few, if any, responses within the group are identical. Beginning with the
supposedly erratic value or outlier, designate the responses in order of magnitude from y1 to

yN, where N is the number of observations in the group. Compute the relative gap G1 = (y2 

y1)/(yN  y1) when N = 3 to 7, G2 = (y3  y1)/(yN 1  y1) when N = 8 to 13, or G3 = (y3 

y1)/(yN 2  y1) when N = 14 to 24. If G1, G2, or G3 exceeds the critical value in Table 1 for
the observed N, there is a statistical basis for omitting the outlier.

Table 1

Test for outliers. In samples from a normal population, gaps equal to or larger than
the following values of G1, G2, and G3 occur with a probability P = 0.02 where outliers

can occur only at one end, or with P = 0.04 where they may occur at either end.

N 3 4 5 6 7  
G1 .976 .846 .729 .644 .586  

N 8 9 10 11 12 13  
G2 .780 .725 .678 .638 .605 .578  

N 14 15 16 17 18 19 20 21 22 23 24
G3 .602 .579 .559 .542 .527 .514 .502 .491 .481 .472 .464

This criterion is applicable also in a microbial assay where each treatment is represented by a
transmittance in each of two separate complete sets. Subtract each transmittance in the first
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set from its paired value in the second set, and record each difference with its sign, either plus
or minus. Beginning with the most divergent difference, designate the N differences in order of
magnitude from y1 to yN and compute the relative gap G1, G2, or G3. If this exceeds its critical
value in Table 1, one of the two transmittances giving the aberrant difference is suspect and
may be identified on inspection or by comparison with its expectation (see next column).
Repeat the process with the remaining differences if an outlier is suspected in a second pair. 
2. The second criterion compares the ranges from a series of k = 2 or more groups. Different
groups may receive different treatments, but all f responses within each group represent the
same treatment. Compute the range from each group by subtracting the smallest response from
the largest within each of the k groups. Divide the largest of the k ranges by the sum of all the
ranges in the series. Refer this ratio R* to Table 2. If k is not larger than 10, use the tabular
values in the upper part of Table 2; if k is larger than 10, multiply R* by (k + 2) and interpolate,
if necessary, between the tabular values in the lower part of Table 2. If R* exceeds the tabular
or interpolated value, the group with the largest range is suspect and inspection of its
components will usually identify the observation, which is then assumed to be aberrant or an
outlier. The process may be repeated with the remaining ranges if an outlier is suspected in a
second group.

Table 2

Test for groups containing outliers. Compute the range from the f observations in
each of k groups, where all groups in the series are equal in size. The observed ratio
R* of the largest range to the sum of the k ranges will equal or exceed the following

critical values at a probability of P = 0.05.

No. of Ranges k Critical R* for Ranges Each from f Observations

2 3 4 5 6 7 8 9 10

2 0.962 0.862 0.803 0.764 0.736 0.717 0.702 0.691 0.682
3 .813 .667 .601 .563 .539 .521 .507 .498 .489
4 .681 .538 .479 .446 .425 .410 .398 .389 .382
5 .581 .451 .398 .369 .351 .338 .328 .320 .314
6 0.508 0.389 0.342 0.316 0.300 0.288 0.280 0.273 0.267
7 .451 .342 .300 .278 .263 .253 .245 .239 .234
8 .407 .305 .267 .248 .234 .225 .218 .213 .208
9 .369 .276 .241 .224 .211 .203 .197 .192 .188
10 .339 .253 .220 .204 .193 .185 .179 .174 .172

No. of Ranges k

Critical (k + 2)R* for Ranges Each from f Observations

2 3 4 5 6 7 8 9 10

10 4.06 3.04 2.65 2.44 2.30 2.21 2.14 2.09 2.05
12 4.06 3.03 2.63 2.42 2.29 2.20 2.13 2.07 2.04
15 4.06 3.02 2.62 2.41 2.28 2.18 2.12 2.06 2.02
20 4.13 3.03 2.62 2.41 2.28 2.18 2.11 2.05 2.01
50 4.26 3.11 2.67 2.44 2.29 2.19 2.11 2.06 2.01

Replacement of Missing Values—As directed in the monographs and in this section, the
calculation of potency and its confidence interval from the total response for each dose of
each preparation requires the same number of observations in each total. When observations
are lost or additional responses have been obtained with the Standard, the balance may be
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restored by one of the following procedures, so that the usual equations apply. 
1. Reduce the number of observations in the larger groups until the number of responses is the
same for each treatment. If animals have been assigned at random to each treatment group,
either omit one or more responses, selected at random, from each larger group, or subtract the
mean of each larger group from its initial total as often as may be necessary. The latter
technique is preferred when extra animals have been assigned deliberately to the Standard.
When the assay consists of randomized sets, retain only the complete sets. 
2. Alternatively, an occasional smaller group may be brought up to size when the number of
missing responses is not more than one in any one treatment or 10% in the entire assay.
Estimate a replacement for each missing value by either Method a or Method b. One degree of
freedom (n) is lost from the error variance s2 for each replacement by either method, except in
a microbial assay where each response is based on the sum of two or more transmittances and
only one transmittance is replaced. 
(a) If animals have been assigned to treatments at random, add the mean of the remaining
responses in the incomplete group to their total. In a microbial assay, when one of two
transmittances is missing for a given treatment, add the mean difference between sets,
computed from all complete pairs, to the remaining transmittance to obtain the replacement. 
(b) If the assay consists of randomized sets, replace the missing value by

where f is the number of sets, k is the number of treatments or doses, and Tr¢, Tt¢, and T¢ are
the incomplete totals for the randomized set, treatment, and assay from which an observation
is missing. 
If the assay consists of n¢ Latin squares with k rows in common, replace a missing value by

where n¢ is the number of Latin squares with k rows in common, k is the number of treatments
or doses, and Tc¢, Tr¢, Tt¢, and T¢ are respectively the incomplete totals for the column, row,
treatment, and assay from which an observation is missing. 
If more than one value is missing, substitute the treatment mean temporarily in all but one of
the empty places, and compute y¢ for the other by Equation 1. Replace each of the initial
substitutions in turn by Equation 1, and repeat the process in successive approximations until a
stable y¢ is obtained for each missing observation.

Calculation of Potency from a Single Assay

Directions for calculating potency from the data of a single assay are given in the individual
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monographs. In those assays that specify graphical interpolation from dosage-response curves
but that meet the conditions for assay validity set forth herein, potency may be computed
alternatively by the appropriate method in this section. 
Planning the assay involves assigning to the Unknown an assumed potency, to permit
administering it in dosages equivalent to those of the Standard. The closer the agreement
between this original assumption and the result of the assay, the more precise is the calculated
potency. The ratio of a given dose of the Standard, in µg or in USP Units, to the corresponding
dose of the Unknown, measured as specified in the monograph, is designated uniformly by R.
The log-relative potency in quantities assumed initially to equal those of the Standard is
designated as M¢. 
Ideally, M¢ should not differ significantly from zero. The log-potency is equation 2

M = M¢ + log R (2)

or

Potency = P* = antilog M = (antilog M¢)R

Assay from Direct Determinations of the Threshold Dose—Tubocurarine Chloride Injection
and Metocurarine Iodide are assayed from the threshold dose that just produces a
characteristic biological response. The ratio of the mean threshold dose for the Standard to
that for the Unknown gives the potency directly. The threshold dose is determined twice in
each animal, once with the Standard and once with the Unknown. Each dose is converted to
its logarithm, the difference (x) between the two log-doses is determined for each animal, and
potency is calculated from the average of these differences. 

In the Bacterial Endotoxins Test 85 , the geometric mean dilution endpoint for the Unknown
corresponding to the geometric mean dilution endpoint for the Standard (multiplied by a dilution
factor, where applicable) gives the concentration of endotoxin in the test material. 
In these assays, the confidence interval depends upon the variability in the threshold dose.

Indirect Assays from the Relationship between the Log-Dose and the Response
—Generally, the threshold dose cannot be measured directly; therefore, potency is determined
indirectly by comparing the responses following known doses of the Standard with the
responses following one or more similar doses of the Unknown. Within a restricted dosage
range, a suitable measure of the response usually can be plotted as a straight line against the
log-dose, a condition that simplifies the calculation of potency and its confidence interval. Both
the slope and position of the log-dose response relationship are determined in each assay by
the use of two or more levels of the Standard, or, preferably, of both the Standard and the
Unknown. 
In the assay of Heparin Sodium, the interval between the dose at which clotting occurs and
that which produces no clotting is so small that the dosage-response curve is not determined
explicitly. Moving averages are used instead to interpolate the log-dose corresponding to 50%
clotting for both the Standard and the Unknown, leading to the log-potency (see Calculation
under Heparin Sodium). The precision of the potency is estimated from the agreement between
independent assays of the same Unknown. 
For a drug that is assayed biologically, the response should plot as a straight line against the
log-dose over an adequate range of doses. Where a preliminary test is required or the assay
depends upon interpolation from a multi-dose Standard curve, plot on coordinate paper the
mean response of the Standard at each dosage level on the ordinate against the log-dose x on
the abscissa. If the trend is basically linear over the required dosage range, the initial response
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unit may be used directly as y; if, instead, the trend is clearly curvilinear, a suitable
transformation of each initial reading may bring linearity. 
One possible transformation is to logarithms; another, in microbial tube assays, where y =
(100– % transmittance) does not plot linearly against the log-dose x, is to probits. In this case,
if absorbance cannot be read directly, the percent transmittance for each tube or test solution

is first converted to absorbance, A = 2  log(% transmittance). Each absorbance value, in
turn, is converted to % reduction in bacterial growth as

% reduction = 100(AC  A)/AC

where Ac is the mean density for the control tubes (without antibiotic or with excess of
vitamin) in the same set or tube rack. Percent reduction is then transformed to a probit (see
Table 3) to obtain a new y for all later calculation. The probit transformation offers the
advantage of extending the working range of linearity even where a portion of the dosage-
response relationship is nonlinear in the original units of percent transmittance, provided that
the incubation period does not extend beyond the logarithmic phase of growth of the control
tubes.

Table 3

Probits (normal deviates + 5) corresponding to percentages in the margins.

 0 1 2 3 4 5 6 7 8 9

0 — 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66
10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12
20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45
30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72
40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23
60 5.25 5.28 5.31 5.33 5.36 5.39 5.41 5.44 5.47 5.50
70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 7.05 7.33
 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

99 7.33 7.37 7.41 7.46 7.51 7.58 7.65 7.75 7.88 8.09

The LD50 in the Safety test for Iron Dextran Injection is calculated with log-doses and probits.
The four doses of the Injection, in mg of iron per kg of body weight, are transformed to x1 =
2.574, x2 = 2.699, x3 = 2.875, and x4 = 3.000. The probits corresponding to the number of
deaths observed in each group of 10 mice are designated y1, y2, y3, and y4, respectively, and
are given in Table 3 for mortalities from 10 to 90 percent. For observed deaths of 0 and 10
adjacent to doses giving an intermediate mortality, use the approximate probits 3.02 and 6.98,
respectively; omit the end value (at x1 or x4) if not adjacent to an intermediate mortality.
Since the information in a probit varies with its expectation, assign each probit an approximate
relative weight w for computing the LD50 of the Injection, as shown in the accompanying table.

No. of Deaths 0 or 10 1 or 9 2 or 8 3 or 7 4 to 6
Weight, w 0.3 0.7 1.0 1.2 1.3
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Calculate the weighted means

x = S(wx)/Sw

and (2a)

y = S(wy)/Sw

from the sum of the weights, Sw, of the four (or three) acceptable responses and the
corresponding weighted sums of the log-doses, S(wx), and of the probits, S(wy). From the
sums of the weighted products, S(wxy), and of the weighted squares, S(wx2), compute the
slope b of the log-dose-probit line as

b = [S(wxy)  xS(wy)]/[S(wx2)  xS(wx)] (2b)

The LD50 for this safety test, in mg of iron per kg of body weight, is calculated as

LD50 = antilog[x + (5  y)/b] (2c)

In quantal assays not included in this Pharmacopeia, such as the mouse assay for insulin, the
calculation with probits involves other adjustments that are omitted here. 
When the mean response yt for each dose of Standard plots linearly against the log-dose, and
the k doses are spaced at equal intervals on the logarithmic scale, the predicted responses (YL

and YH) at the extreme ends of the line of best fit can be computed directly with the
coefficients x* in Table 4, which correspond to the k successive log-doses, as

YL = S(x*yt)/divisor

and (3)

YH = S(x*yt)/divisor

where S stands uniformly for “the sum of” the values that follow it. When YL and YH are plotted
against the low and high log-doses, XL and XH, respectively, they may be connected by a
straight line with the slope

b = (YH  YL)/(XH  XL) (4)

At any selected log-dose x of Standard, the predicted response is

Y = y + b(x  x) (5)

where x = Sx/k, and y = (YL + YH)/2, or, for predictions within a set, y is the mean response
for the Standard within the set.

Table 4

Coefficients x* for computing the responses yL and yH predicted by least squares at
the lowest and highest of k log-doses when these are spaced at equal intervals.

No. of
Doses

Predicted
End y

Coefficient x* for Mean Response yt at
Log-Dose

Divisor1 2 3 4 5 6

3 yL 5 2 1    6

 yH 1 2 5    6

4 yL 7 4 1 2   10
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 yH 2 1 4 7   10

5 yL 3 2 1 0 1  5

 yH 1 0 1 2 3  5

6 yL 11 8 5 2 1 4 21

 yH 4 1 2 5 8 11 21

When the log-dose response relationship is linear, but the k doses (expressed in mL) are spaced
substantially in an arithmetic sequence as in Table 5 (which refers to the microbial assays set

forth under Antibiotics—Microbial Assays 81 ), the slope b of the straight line of best fit may
be computed with the terms in Table 5 and the mean response at each dose yt, or Tt = fyt

where the number of y's(f) is constant at each dose, as

b = S(x1yt)/eb¢i = S(x1Tt)/feb¢i (6)

The coefficients x1 are convenient multiples of the differences (x  x) about the mean log-

dose x, and eb¢i is the corresponding multiple of S(x  x)2. The predicted response Y at a given
log-dose x may be computed by substitution of the assay slope b in Equation 5 and of the
mean y either of all the responses on the Standard in the entire assay or of those for each set
separately.

Table 5

Coefficients x1 for computing the slope b of a log-dose response curve when the
doses are spaced on an arithmetic scale as shown.

 
Coefficients x1 for Computing b from the

Responses y at Doses, in mL, of   

No. of
Doses 1 1.5 2 3 4 5

Divisor
eb¢¢ i

Mean
Log-Dose

x

4 — 29 12 12 29 — 14.4663 0.38908

5 34 — 9 5 15 23 24.7827 0.41584

5 — 20 11 2 11 18 13.3249 0.45105

6 15 8 3 4 9 13 14.1017 0.37588

potencies interpolated from a standard curve—Where the log-dose response curve of the
Standard in a given assay is curvilinear and is fitted graphically to the plotted points, the
amount of Standard that would be expected to produce each observed response y of an
Unknown is estimated by interpolation from the curve and then adjusted for the known
concentration of its test solution. 
When the response to the Standard can be plotted linearly against the log-dose, it is fitted
numerically by a straight line, as described in the preceding section. For assays in randomized
sets, a standard curve is computed with b for the assay and y for each set and the response
yU in each tube of a given Unknown in that set is converted to an estimated log-relative
potency,

X = (yU  YS)/b (7)
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X = (yU  YS)/b (7)

where YS is the response predicted by the standard curve at the assumed log-dose x of the
Unknown. The average of the separate estimates from each of f sets, M¢ = SX/f, is the assayed
log-relative potency of the Unknown.

Factorial Assays from the Response to Each Treatment—When some function of the
response can be plotted linearly against the log-dose, the assayed potency is computed from
the total response for each treatment, and its precision is measured in terms of confidence
intervals. This requires that (1) in suitable units the response (y) depends linearly upon the log-
dose within the dosage range of the assay, and (2) the number (f) of responses be the same
at each dosage level of both Standard and Unknown. The y's are totaled at each dosage level
of each preparation. In different combinations, these totals, Tt, lead directly to the log-relative
potency and to tests of assay validity. The factorial coefficients in Tables 6, 7, and 8
determine how they are combined. In a given row, each Tt is multiplied by the corresponding
coefficient and the products summed to obtain T i. The T i's in the successive rows carry the
same meaning in all assays.

Table 6

Factorial coefficients x1 for analyzing a balanced bioassay, in which successive log-
doses of Standard (Si) and of Unknown (Ui) are spaced equally, each with the same

number (f) of responses totaling Tt.

  Factorial Coefficients x1 for Each Dose   

Design Row S1 S2 S3 S4 U1 U2 U3 U4 ei Ti

2,2 a 1 1   1 1   4 Ta

 b 1 1   1 1   4 Tb

 ab 1 1   1 1   4 Tab

3,3 a 1 1 1  1 1 1  6 Ta

 b 1 0 1  1 0 1  4 Tb

 ab 1 0 1  1 0 1  4 Tab

 q 1 2 1  1 2 1  12 Tq

 aq 1 2 1  1 2 1  12 Taq

4,4 a 1 1 1 1 1 1 1 1 8 Ta

 b 3 1 1 3 3 1 1 3 40 Tb

 ab 3 1 1 3 3 1 1 3 40 Tab

 q 1 1 1 1 1 1 1 1 8 Tq

 aq 1 1 1 1 1 1 1 1 8 Taq

   Value of Constant for Design

For Computing Equation No. Constant 2,2 3,3 4,4

M¢ 8, 10 c 1 4/3 5
L 26, 29 c ¢ 1 8/3 5
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Ta in the first row measures the difference in the average response to the Standard and to the
Unknown. Tb in the second row leads directly to the combined slope of the dosage-response
curves for both Standard and Unknown. The third to the fifth rows (ab, q, and aq) provide
tests for the validity of an assay, as described in a later section. From the totals Ta and Tb,
compute the log-relative potency of the Unknown, before adjustment for its assumed potency,
as

M¢ = ciTa/Tb (8)

where i is the interval in logarithms between successive log-doses of both the Standard and
the Unknown, and the constant c is given separately at the bottom of each table. Each M¢ is
corrected to its log-potency M by Equation 2. 
When doses are spaced unequally on a log scale, as in Table 8, use instead the constant ci at
the bottom of the table.

Table 7

Factorial coefficients x1 for analyzing a partially balanced assay, in which
successive log-doses of Standard (Si) and of Unknown (Ui) are spaced equally, each

with the same number (f) of responses totaling Tt. If the number of successive
doses of the Unknown exceeds by one the number on the Standard, interchange Si

and Ui in the heading and reverse all signs in rows a, ab, and aq.

  Factorial Coefficients x1 for Each Dose   

Design Row S1 S2 S3 S4 U1 U2 U3 ei Ti

2,1 a 1 1   2   6 Ta

 b 1 1   0   2 Tb

3,2 a 2 2 2  3 3  30 Ta

 b 2 0 2  1 1  10 Tb

 ab 1 0 1  2 2  10 Tab

 q 1 2 1  0 0  6 Tq

4,3 a 3 3 3 3 4 4 4 84 Ta

 b 3 1 1 3 2 0 2 28 Tb

 ab 3 1 1 3 5 0 5 70 Tab

 q 3 3 3 3 2 4 2 60 Tq

 aq 1 1 1 1 1 2 1 10 Taq

   Value of Constant for Design

For Computing Equation No. Constant 2,1 3,2 4,3

M¢ 8, 10 c 1/2 5/6 7/6
L 26, 29 c ¢ 3/4 25/12 49/12

Table 8

Factorial coefficients x1 for analyzing assays with a 3- or 4-dose sequence of 1.5,
2.0, 3.0, and 4.0, each dose having the same number (f) of responses.

PF 39(4): Jul.-Aug. 2013 45



  Dose of Standard Dose of Unknown   

Design Row 1.5 2.0 3.0 4.0 1.5 2.0 3.0 4.0 ei Ti

4,4 a 1 1 1 1 1 1 1 1 8 Ta

 b 29 12 12 29 29 12 12 29 3940 Tb

 ab 29 12 12 29 29 12 12 29 3940 Tab

 q 1 1 1 1 1 1 1 1 8 Tq

 aq 1 1 1 1 1 1 1 1 8 Taq

3,3 a 1 1 1  1 1 1  6 Ta

 b 25 3 28  25 3 28  2836 Tb

 ab 25 3 28  25 3 28  2836 Tab

 q 31 53 22  31 53 22  8508 Tq

 aq 31 53 22  31 53 22  8508 Taq

3,3 a  1 1 1  1 1 1 6 Ta

 b  28 3 25  28 3 25 2836 Tb

 ab  28 3 25  28 3 25 2836 Tab

 q  22 53 31  22 53 31 8508 Tq

 aq  22 53 31  22 53 31 8508 Taq

   Value of Constant for Design

For Computing Equation No. Constant 4,4 3,3

M¢ 8, 10 ci 7.2332 5.3695
L 26, 29 c ¢i2 0.10623 0.06100

In a fully balanced assay, such as the assay for corticotropin, compute M¢ with the coefficients
in Table 6. If one preparation has one less dose than the other but the successive log-doses of
both Standard and Unknown differ by a constant interval i, use the factorial coefficients in
Table 7, correcting for the actual difference between the observed mean log-doses, xS and xU,
by computing

M = xS  xU + M¢ (9)

In assays where the successive doses are not spaced at equal log-intervals, the log-relative
potency of a single Unknown may be computed by Equation 8 with the factorial coefficients
and ci in Table 8. 
In an assay of two or more Unknowns against a common Standard, all with dosage-response
lines that are parallel within the experimental error, each log-relative potency may be computed
with the same assay slope as follows. For each preparation, determine the slope factor Tb¢ =
S(x1Tt) or S(x1y), where the values of x1 are the factorial coefficients for the Standard in the
appropriate row b of Table 6 or 8. The log-relative potency of each Unknown is

M¢ = cih¢Ta/2STb¢ (10)
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where h¢ is the number of values of Tb¢ summed in the denominator.

Assays from Differences in Response—When doses of the Standard and Unknown are paired
and the difference in response is computed for each pair, these differences are not affected by
variations in the average sensitivity of the paired readings. The paired 2-dose insulin assay
corresponds to the first design in Table 6, and requires four equal groups of rabbits each

injected twice (see Insulin Assays 121 ). The difference (y) in the blood sugar response of
each rabbit to the two treatments leads to the log-relative potency M¢ (see the first two
paragraphs of the section, Calculation of Potency from a Single Assay). The Vasopressin
Injection assay follows a similar design, substituting two or more randomized sets of four
successive pairs of injections into rats for the four treatment groups of rabbits in the insulin
assay. 
Oxytocin Injection is assayed from blood pressure changes in a single test animal following
alternating injections of a single dose of Standard and of one of two doses of the Unknown.
The calculation of potency from the differences in the response of the Unknown and to the
average of the two adjacent responses to the Standard is equivalent to the first design in
Table 7 with S and U reversed, where i is the log-interval between the two dosage levels of the
Unknown.

Experimental Error and Tests of Assay Validity

As the term is used here, “experimental error” refers to the residual variation in the response of
biological indicators, not to a mistake in procedure or to an outlier that needs replacement. It is
measured in terms of the error variance of a single response or other unit, which is designated
uniformly as s2, despite differences in the definition of the unit. It is required in tests of assay
validity and in computing the confidence interval.

Error Variance of a Threshold Dose—The individual threshold dose is measured directly in
some assays. In a Digitalis assay, designate each individual threshold dose by the symbol z, the
number or frequency of z's by f, and the total of the z's for each preparation by T, with
subscripts S and U for Standard and Unknown, respectively. Compute the error variance of z as

s2 = [Sz2  TS
2/fS  TU

2/fU]/n (11)

with n = fS + fU  2 degrees of freedom. In the assay of Tubocurarine Chloride Injection, each
log-threshold dose of the Unknown is subtracted from the corresponding log-dose of the
Standard in the same rabbit to obtain an individual difference x. Since each x may be either

positive or negative (+ or ), it is essential to carry the correct sign in all sums. Designate the
total of the x's for the animals injected with the Standard on the first day as T1, and for those
injected with the Standard on the second day as T2. Compute the error variance of x with n =

N  2 degrees of freedom as

s2 = {Sx2  (T1
2 + T2

2)/f}/n (12)

where N is the total number of rabbits that complete the assay, excluding any replacement for
a missing value to equalize the size of the two groups.

Error Variance of an Individual Response—In the Pharmacopeial assays, differences in dose
that modify the mean response are assumed not to affect the variability in the response. The
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calculation of the error variance depends upon the design of the assay and the form of the
adjustment for any missing values. Each response is first converted to the unit y used in
computing the potency. Determine a single error variance from the combined deviations of the
y's around their respective means for each dosage level, summed over all levels. Doubtful
values of y may be tested as described under Rejection of Outlying or Aberrant Observations,
and proved outliers may be replaced as missing values (see Replacement of Missing Values). 
In the simplest design, the units of response are assigned at random to each dosage level, as
in the assay for corticotropin. If a missing value is replaced by adding the mean of the
remaining y's at any given dosage level to their total, the degrees of freedom (n) in the error
variance are reduced by one for each replacement but no other change is needed in the
calculation. Assuming that f is then the same for all doses or groups, compute the error
variance from the variation within doses of all the y's as

s2 = {Sy2  STt
2/f}/n (13)

where Tt is the total at each dose of the f values of y, there are k totals Tt and the degrees of
freedom n = Sf – k, with Sf diminished by 1 for each replacement. 
If variations in f are adjusted by subtracting a group mean from its group total, compute the
error variance from the observed y's and the unadjusted totals Tt as

s2 = {Sy2  S(Tt
2/f)}/n (14)

where n = Sf – k. 
In the calculation of the result of an assay using the coefficients of Table 6 or 8, s2 may be
computed from the response y for each of the h¢ preparations, including the h Unknowns and
the corresponding dosage levels of the Standard. For each preparation, compute T¢ = Sy and
the slope factor Tb¢ = S(x1y) where the values of x1 are the factorial coefficients for the
Standard in the appropriate row b of Table 6 or 8. The error variance for the assay is

s2 = {Sy2  ST¢2/k  2(STb¢)2/h¢ebf}/n (15)

where the degrees of freedom n = h¢(k – 1) – 1, and eb is the ei from the same table and row
as the coefficients x1.

The Error Variance in Restricted Designs—In some assays, the individual responses occur in
randomized sets of three or more. Examples of sets are litter mates in the assay of vitamin D,
the cleared areas within each plate in an antibiotic assay, and the responses following four
successive pairs of injections in the vasopressin assay. Arrange the individual y's from these
assays in a 2-way table, in which each column represents a different treatment or dose and
each row a randomized set. Losses may be replaced as described under Replacement of Missing
Values. The k column totals are the Tt's required for the analysis of balanced designs. The f
row totals (Tr) represent a source of variation that does not affect the estimated potency and
hence is excluded from the assay error. Compute the approximate error variance from the
squares of the individual y's and of the marginal totals as

s2 = {Sy2  STr
2/k  STt

2/f + T2/N}/n (16)

where T = STr = STt, and the n = (k  1)(f  1) degrees of freedom must be diminished by one
for any gap in the original table that has been filled by computation. 
When the order of treatment is an additional potential source of variation, its effect can be
corrected by the dose regimen for a series of n¢ Latin squares with k rows in common, such as
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that for the two Latin squares in the dose regimens 1 to 4 and 5 to 8 in the assay of Glucagon
for Injection. List the observed responses y of each test animal in a separate column in the
order of dosing. The responses to each of the k doses then occur equally often in each of the k
rows and of the n¢k columns, where n¢ is the number of Latin squares. Total the responses y in
each row (Tr) in each column (Tc), and, in a separate listing, for each dose or treatment (Tt).
An occasional lost reading may be replaced by Equation 1a as described under Replacement of
Missing Values. Compute the error variance from the squares of the individual y's and of the
marginal and treatment totals as

s2 = {Sy2  STr
2/n¢k  STc

2/k  STt
2/n¢k + 2T2/N}/n (16a)

where T = Sy = STr = STc = STt, N = n¢k2, and the n = (k – 1)(n¢k – 2) degrees of freedom
must be diminished by one for any gap in the original table that has been filled by computation. 
In assays where the reactions occur in pairs, the differences between test animals or paired
reactions are segregated automatically by calculating the assay with the difference within a
pair as the response. With insulin, the response is the difference y in the blood sugar of a single

rabbit following two injections (see Insulin Assay 121 ). After adjustment for rabbits lost
during the assay, compute the error variance of y from the responses in all four groups and
from the group totals T i= T1 to T4 as

s2 = {Sy2  ST i
2/f}/n (17)

where the number of rabbits f is the same in each group and the degrees of freedom, n = 4(f –
1), are reduced by one for each replacement of a rabbit lost during the assay. In the Oxytocin
Injection assay, each y represents the difference between the blood pressure response to a
dose of the Unknown and the average for the two adjacent doses of Standard. Compute the
error variance of y as

s2 = {Sy2  (T1
2 + T2

2)/f}/n (18)

with n = 2(f – 1) degrees of freedom, where T1 is the total of the y's for the low dose of the
Unknown and T2 that for the high dose. 
In a microbial assay calculated by interpolation from a standard curve, convert each difference
between two paired responses to units of log-dose, X, by the use of Equation 7. With each
difference X as the unit, a composite s2 is computed from the variation in the f values of X for
each Unknown, totaled over the h Unknowns in the assay, as

s2 = {SX2  S(Tx
2/f)}/n (19)

where Tx = SX for a single Unknown and the degrees of freedom n = Sf – h.

Tests of Assay Validity— In addition to the specific requirements in each monograph and a
combined log-dose response curve with a significant slope (see the statistic C in the next
section), two conditions determine the validity of an individual factorial assay: (1) the log-dose
response curve for the Unknown must parallel that for the Standard within the experimental
error, and (2) neither curve may depart significantly from a straight line. When the assay has
been completely randomized or consists of randomized sets, the necessary tests are computed
with the factorial coefficients for ab, q, and aq from Tables 6 to 8 and the treatment totals Tt.
Sum the products of the coefficients in each row by the corresponding Tt's to obtain the
product total T i, where the subscript i stands in turn for ab, q, and aq, respectively. Each of

the three ratios, T i
2/eif, is computed with the corresponding value of ei from the table and with
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f equal to the number of y's in each Tt. That in row ab tests whether the dosage-response
lines are parallel, and is the only test available in a 2-dose assay. With three or more doses of
both preparations, that in row q is a test of combined curvature in the same direction, and in
row aq of separate curvatures in opposite directions. If any ratio in a 3- or 4-dose assay
exceeds s2 as much as three-fold, compute

F3 = S(T i
2/eif)/3s2 (20)

For a 2-dose assay, compute instead

F1 = Tab
2/eabfs2 (21)

and for a 3,2 assay (Table 7) determine

F2 = S(T i
2/eif)/2s2 (22)

For a valid assay, F1, F2, or F3 does not exceed the value given in Table 9 (at odds of 1 in 20)

for the degrees of freedom n in s2.

Table 9

Values of t, t2, Fi and 2 for different degrees of freedom n that will be exceeded
with a probability P = 0.05 (or 0.95 for confidence intervals).†

n t t2 = F1 F2 F3 2 n t t2 = F1 F2 F3 2

1 12.706 161.45 — — 3.84 19 2.093 4.381 3.52 3.13 30.1
2 4.303 18.51 19.00 19.16 5.99 20 2.086 4.351 3.49 3.10 31.4
3 3.182 10.128 9.55 9.28 7.82 21 2.080 4.325 3.47 3.07 32.7
4 2.776 7.709 6.94 6.59 9.49 22 2.074 4.301 3.44 3.05 33.9
5 2.571 6.608 5.79 5.41 11.07 23 2.069 4.279 3.42 3.03 35.2
6 2.447 5.987 5.14 4.76 12.59 24 2.064 4.260 3.40 3.01 36.4
7 2.365 5.591 4.74 4.35 14.07 25 2.060 4.242 3.38 2.99 37.7
8 2.306 5.318 4.46 4.07 15.51 26 2.056 4.225 3.37 2.98 38.9
9 2.262 5.117 4.26 3.86 16.92 27 2.052 4.210 3.35 2.96 40.1
10 2.228 4.965 4.10 3.71 18.31 28 2.048 4.196 3.34 2.95 41.3
11 2.201 4.844 3.98 3.59 19.68 29 2.045 4.183 3.33 2.93 42.6
12 2.179 4.747 3.89 3.49 21.03 30 2.042 4.171 3.32 2.92 43.8
13 2.160 4.667 3.81 3.41 22.36 40 2.021 4.085 3.23 2.84 55.8
14 2.145 4.600 3.74 3.34 23.68 60 2.000 4.001 3.15 2.76 79.1
15 2.131 4.543 3.68 3.29 25.00 120 1.980 3.920 3.07 2.68 146.6
16 2.120 4.494 3.63 3.24 26.30 1.960 3.841 3.00 2.60  

17 2.110 4.451 3.59 3.20 27.59       
18 2.101 4.414 3.55 3.16 28.87       

†  Adapted from portions of Tables III to V of “Statistical Tables for Biological, Agricultural and
Medical Research,” by R. A. Fisher and F. Yates, published by Oliver and Boyd, Ltd., Edinburgh.

An assay may fail the test for validity and still provide a contributory estimate of potency that
can be combined profitably with the result of a second assay of the same Unknown, as
described in a later section. An end dosage level for either the Standard or the Unknown, or
both, may fall outside the linear zone. With three or more dosage levels and relatively large
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values of Ta, Tab, and Taq, the total response Tt at an end dose of one preparation may
approach an upper or lower limit and be responsible for the large values of Tab and Taq. This Tt

may be omitted and the assay recomputed with the appropriate design in Table 7. If the assay
then meets the test in Equation 20, or 22, the resulting potency, M, may be combined with
that of a second assay in computing the log-potency of the Unknown (see under Combination
of Independent Assays). If Ta is not significant but Tq shows significant combined curvature,
the largest (or smallest) dose of both preparations may be too large (or too small). Their
omission may lead to a valid assay with the factorial coefficients for the next smaller design in
Table 6 or 8. A statistically significant Tq or STq¢ may be neglected and all dosage levels
retained without biasing the computed log-potency M¢ and its confidence interval by more than
5% when the following inequality is true:

Tb
2/eb > 100Tq

2/eq

or

(STb¢)2/eb > 100(STq¢)2/eq (23)

where each Tb¢ and Tq¢ is computed with the Tt's (or y's) for a single preparation multiplied by
the coefficients for the Standard in rows b and q, respectively. If both Ta and Tab are
significant in a 2-dose assay, one Tt may be outside the linear zone. Sometimes a preliminary or
contributory estimate of potency can be computed from the remaining three values of Tt and
the first design in Table 7. In assays of insulin and of other drugs in which the responses are
paired, the test for parallelism is so insensitive that it is omitted. If the tubes in each set are
arranged systematically instead of at random in a microbial assay, the tests for validity may be
subject to bias from positional effects.

The Confidence Interval and Limits of Potency

A bioassay provides an estimate of the true potency of an Unknown. This estimate falls within
a confidence interval, which is computed so that the odds are not more than 1 in 20 (P = 0.05)
that the true potency either exceeds the upper limit of the confidence interval or is less than
its lower limit. Since this interval is determined by a number of factors that may influence the
estimate of potency, the required precision for most bioassays is given in the monograph in
terms of the confidence interval, related either to the potency directly or to its logarithm.

General Calculation—Despite their many forms, bioassays fall into two general categories: (1)
those where the log-potency is computed directly from a mean or a mean difference, and (2)
those where it is computed from the ratio of two statistics. 
(1) When the log-potency of an assay is computed as the mean of several estimated log-
potencies that are approximately equal in precision, the log-confidence interval is

L = 2st / k (24)

where s is the standard deviation of a single estimated log-potency, t is read from Table 9 with
the n degrees of freedom in s, and k is the number of estimates that have been averaged. The
same equation holds where the log-potency is computed as the mean x of k differences x, with
s the standard deviation of a single x. In either case, the estimated log-potency M is in the
center of its confidence interval, so that its confidence limits are

XM = M + ½L and M  ½L, or XM = M ± ½L (25)
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XM = M + ½L and M  ½L, or XM = M ± ½L (25)

The upper and lower limits are converted to their antilogarithms to obtain the limits as explicit
potencies. 
(2) More often, the log-potency or potency is computed from a ratio, and in these cases the
length of the confidence interval is typified by the log-interval in the equation

where M¢ is the log-relative potency as defined (see Calculation of Potency from a Single
Assay), i is the log-interval between successive doses, and c ¢ is a constant characteristic of
the assay procedure. The remaining term C depends upon the precision with which the slope of
the dosage-response curve has been determined. (This is sometimes expressed in terms of g =
(C – 1)/C.) In factorial assays, it is computed as

C = Tb
2/(Tb

2  ebfs2t2) (27)

where s2 is the error variance of a single observation, t2 is read from Table 9 with the degrees
of freedom in s2, f is the number of responses in each Tt used in calculating Tb, and Tb and eb

are computed with the factorial coefficients for row b in Tables 6 to 8. The s2 in Equation 26
depends upon the design of the assay, as indicated for each drug in the next section. In a valid
assay, C is a positive number. 
In an assay of two or more Unknowns against a common Standard, all with dosage-response
curves that are parallel within the experimental error, C may be computed with the error
variance s2 for the assay and with the assay slope as

C = (STb¢)2/{(STb¢)2  ebfh¢s2t2/2} (28)

The slope factor Tb¢ = S(x1Tt) or S(x1y) for each of the h¢ preparations, including the Standard,
is computed with the factorial coefficients x1 for the Standard in the appropriate row b of Table
6 or 8. If a treatment total Tt includes one or more replacements for a missing response,

replace ebf in Equation 27, or ebfh¢/2 in Equation 28, by f2S(x1
2/f¢), where each x1 is a factorial

coefficient in row b of Tables 6 to 8, in this chapter, and f¢ is the number of responses in the
corresponding Tt before adding the replacement. With this C, compute the confidence interval
as

In assays computed from a ratio, the most probable log-potency M is not in the exact center of
the confidence interval. The upper and lower confidence limits in logarithms are

XM = log R + CM¢ + ½L and log R + CM¢  ½L (30)

C is often very little larger than unity, and the more precise the assay, the more nearly C
approaches 1 exactly. R = zS/zU is the ratio of corresponding doses of the Standard and of the
Unknown or the assumed potency of the Unknown. The upper and lower confidence limits in
log-potencies are converted separately to their antilogarithms to obtain the corresponding
potencies.
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Confidence Intervals for Individual Assays—Since the confidence interval may vary in detail
from the above general patterns, compute it for each assay by the special directions given
under the name of the substance in the paragraphs following.

Antibiotic Assays—The confidence interval may be computed by Equations 24 and 25.

Calcium Pantothenate—For log-potencies obtained by interpolation from the Standard curve,
the confidence interval may be computed with Equations 19 and 24. For log-potencies
calculated with Equation 8 or 10, s2 may be computed with Equation 15, C with Equation 27 or
28, and the confidence interval L with Equation 26 or 29.

Corticotropin Injection—Compute the log confidence interval by Equations 26 and 27, with the
coefficients and constants in Table 6 for a 3-dose assay, and s2 as determined by Equation 13
or 14.

Digitalis—Compute the confidence interval as

where fU and fS are the number of observations on the Unknown and on the Standard, and

C = zU
2/(zU

2  s2t2/fU) (32)

is determined with s2 from Equation 11. The confidence limits for the potency in USP Units are
then

XP* = R{C(zS/zU) ± ½L} (33)

in which R is as defined in the Glossary of Symbols.

Glucagon for Injection—Compute the error variance s2 by Equation 15a, C by Equation 27 with
ebf = 16n¢, and the log confidence interval L by Equation 26 with c ¢i2 = 0.09062.

Chorionic Gonadotropin—Proceed as directed under Corticotropin Injection.

Heparin Sodium—If two independent determinations of the log-potency M differ by more than
0.05, carry out additional assays and compute the error variance among the N values of M as

s2 = {SM2  (SM)2/N}/n (34)

with n = N – 1 degrees of freedom. Given this value, determine the confidence interval in
logarithms (L) by Equation 24.

Insulin Injection—Compute the error variance (s2) of y by Equation 16 and C as

C = Tb
2/(Tb

2  s2t2N) (35)

where t2 from Table 9 depends upon n = 4(f – 1) degrees of freedom in s2 and N = 4f is the
total number of differences in the four groups. By Equation 26, compute the confidence interval
L in logarithms, where c ¢i2 = 0.09062. The upper and lower confidence limits in USP Units of
insulin are given by the antilogarithms of XM from Equation 30.
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Oxytocin Injection—Compute the approximate log confidence interval by Equation 26, in which

C = (T2  T1)2/{(T2  T1)2  4(f + 1)s2t2/3} (36)

where s2 is defined by Equation 18, and

c ¢ = (4f  1)/8(f + 1) (37)

Tubocurarine Chloride Injection—Compute the error variance by Equation 12, and the
confidence interval by Equation 24.

Vasopressin Injection—Compute the error variance s2 by Equation 16, C by Equation 35, and
the log confidence interval by Equation 26, where c ¢ = 1 and i is the log-interval separating the
two dosage levels.

Vitamin B12 Activity—Proceed as directed under Calcium Pantothenate.

Combination of Independent Assays

When the method permits, additional animals can be added to an insufficiently precise assay
until the combined results reduce the confidence interval within the limits specified in the
monograph. Where two or more independent assays are required, each leading to a log-potency
M, the M's are combined in determining the weighted mean potency of the Unknown. Except in
the Heparin Sodium assay, where the log-potencies are weighted equally, the relative
precisions of the two or more independent M's determine the weight assigned to each value in
computing their mean and its confidence interval. 
Before combining two or more separate estimates of M, test their mutual consistency. If the
M's are consistent, their respective confidence intervals will overlap. Where the intervals do not

overlap or where the overlap is small, compute an approximate M
2. Assign each of the h

individual assays a weight w, defined as

w = 4t2/L2 (38)

where the length of the confidence interval L is computed with the appropriate equation from
the preceding section, and t2 is read from Table 9 for the degrees of freedom n in the error

variance of the assay. Sum the individual weights to obtain Sw. Then an approximate 2 with h
– 1 degrees of freedom is determined as

Approx. M
2 = S(wM2)  {S(wM)}2/Sw (39)

For two assays with log-potencies M1 and M2 and weights w1 and w2, Equation 35 reduces to

Approx. M
2 = w1w2(M1  M2)2/(w1 + w2) (40)

with one degree of freedom. If the approximate M
2 is well under the critical value for 2 in

Table 9, use the weights w in computing the mean log-potency M and its confidence interval,

L. If M
2 approaches or exceeds this critical value, use instead the semi-weights w¢ (Equation

47) when computing M. 
Compute the mean log-potency M of two or more mutually consistent assays as

M = S(wM)/Sw (41)
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This is the most probable single value within a combined confidence interval of length Lc,
defined as the square root of

Lc
2 = 4tL

2/Sw {1 + (4/S2w)S(w(Sw  w)/n¢} (42)

where each n¢ = n – 4(h – 2)/(h – 1) and tL
2 is interpolated from Table 9 with the degrees of

freedom

nL = S2w/S(w2/n)

For two assays (h = 2) with log-potencies M1 and M2 and weights w1 and w2, respectively, the
above equation may be rewritten as

Lc
2 = 4tL

2/Sw {1 + [1/n1 + 1/n2]4w1w2/S2w} (43)

where Sw = w1 + w2. Where Lc, the confidence interval for a combined estimate, does not
exceed the requirement in a monograph, upper and lower confidence limits are taken ½Lc above
and below M, to obtain approximately a 95% confidence interval. 
Where the variation in the assayed potency between the h independent determinations, as

tested by M
2, approaches or exceeds P = 0.05, the several estimates are assigned semi-

weights w¢. From the weight w, compute the variance of each M as

V = 1/w = L2/4t2 (44)

Calculate the variance of the heterogeneity between assays as

v = SM2  (SM2/h)/(h  1)  Sv/h (45)

or if h = 2,

v = (M1  M2)2/2  (V1 + V2)/2 (46)

Where V varies so markedly that v calculated as above is a negative number, compute instead
an approximate v by omitting the term following the minus sign in Equations 45 and 46. A semi-
weight is defined as

w¢ = 1/(V + v) (47)

Substitute w¢ and Sw¢ for w and Sw in Equation 41 to obtain the semi-weighted mean M. This
falls near the middle of a confidence interval of approximate length Lc¢, where

Lc¢2 = 4t2/Sw¢ (48)

and t2 from Table 9 has SN degrees of freedom. 

Where M2 in Equation 39, from h = 4 or more estimates of M, exceeds the critical level in
Table 9 by more than 50%, and the weights w differ by less than 30%, the h estimates of M
may be checked for a suspected outlier with Table 1. Where significant, the outlying M may be
omitted in computing M with w¢. 
Where the potency of a drug is determined repeatedly in a given laboratory by the same
bioassay method, successive determinations of both the slope b and the error variance s2 may
scatter randomly within the sampling error about a common value for each parameter. Plotting
estimates from successive assays on a quality control chart for each statistic and computing
the midvalue and control limits defining the allowable random variation make it possible to check
continuously the consistency of an assay technique. Where estimates of b and s2 from a single
assay fall within the control limits, they may be replaced by their laboratory means. Reject any
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assay in which these statistics fall outside the control limits, or accept it only after close
scrutiny with respect to its validity.

Joint Assay of Several Preparations

Each monograph describes the assay of a single Unknown against the Standard. Although not
provided explicitly, several different Unknowns are often included in the same assay and each is
compared separately with the same responses to the Standard. This fact may warrant
increasing the number of observations with the Standard. Given f observations at each dosage
level of each of h different Unknowns, the number of observations at each dosage level of the
Standard may be increased advantageously, if h is large, to

f h

This rule can be applied only approximately where litter differences or their equivalent must be
segregated, and in any case is merely suggestive. 
If all of several assays conducted concurrently meet the requirements for validity, and have
linear log-dose response curves with the same slope b and the same error variance s2 about
these lines, these two statistics may be considered as characteristic of the assay. Combining
all of the evidence from the same assay into a single value of the assay slope results in a more
stable and reliable estimate of b than if each Unknown were analyzed independently. The
degrees of freedom and reliability of the error variance s2 can be increased similarly. Confidence
intervals computed with these composite values for b and s2 are smaller on the average than if
based upon only part of the relevant data. For the calculation or application of such assay
estimates, see Equations 10, 15, 16, 19, 28, and 29. The potency estimated with a slope
computed from a single Unknown and the Standard agrees within a fraction of the confidence
interval with that computed from the combined slope for the entire assay. Since it is based
upon more evidence, the latter is considered the better estimate.

GLOSSARY

Glossary of Symbols
A absorbance for computing % reduction in bacterial growth from turbidimetric readings.
b slope of the straight line relating response (y) to log-dose (x) [Equations 2b, 4, 5, 6].
c constant for computing M¢ with Equations 8 and 10.
c ¢ constant for computing L with Equations 26 and 29.
ci constant for computing M¢ when doses are spaced as in Table 8.

c ¢i2 constant for computing L when doses are spaced as in Table 8.

C term measuring precision of the slope in a confidence interval [Equations 27, 28, 35,
36].

2 statistical constant for testing significance of a discrepancy [Table 9].

M2
2 testing the disagreement between different estimates of log-potency [Equations

39, 40].
eb ei from row b in Tables 6 to 8.

eb¢i multiple of S(x – x)2 [Table 5; Equation 6].
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ei sum of squares of the factorial coefficients in each row of Tables 6 to 8.

eq ei from row q in Tables 6 to 8.

f number of responses at each dosage level of a preparation; number of replicates or
sets.

fS number of observations on the Standard.

fU number of observations on the Unknown.

F1 to
F3

observed variance ratio with 1 to 3 degrees of freedom in numerator [Table 9].

G1,
G2,
and G3 relative gap in test for outlier [Table 1].
h number of Unknowns in a multiple assay.
h¢ number of preparations in a multiple assay, including the Standard and h Unknowns;

i.e., 
h¢ = h + 1.

i interval in logarithms between successive log-doses, the same for both Standard and
Unknown.

k number of estimated log-potencies in an average [Equation 24]; number of treatments
or doses [Table 4; Equations 1, 13, 15, 16]; number of ranges or groups in a series
[Table 2]; number of rows, columns, and doses in a single Latin square [Equations 1a,
16a].

L length of the confidence interval in logarithms [Equations 24, 26, 29, 38], or in terms
of a proportion of the relative potency of the dilutions compared [Equations 31, 33].

Lc length of a combined confidence interval [Equations 42, 43].

Lc¢ length of confidence interval for a semi-weighted mean M [Equation 48].

LD50 lethal dose killing an expected 50% of the animals under test [Equation 2c].

M log-potency [Equation 2].
M¢ log-potency of an Unknown, relative to its assumed potency.
M mean log-potency.
n degrees of freedom in an estimated variance s2 or in the statistic t or 2.
n¢ number of Latin squares with rows in common [Equations 1a, 16a].
N number; e.g., of observations in a gap test [Table 1], or of responses y in an assay

[Equation 16].
P probability of observing a given result, or of the tabular value of a statistic, usually P =

0.05 or 0.95 for confidence intervals [Tables 1, 2, 9].
P* potency, P* = antilog M or computed directly.

R ratio of a given dose of the Standard to the corresponding dose of the Unknown, or
assumed potency of the Unknown [Equations 2, 30, 33].

R* ratio of largest of k ranges in a series to their sum [Table 2].

s =

s2
standard deviation of a response unit, also of a single estimated log-potency in a
direct assay [Equation 24].

s2 error variance of a response unit.

Si a log-dose of Standard [Tables 6, 7].

S “the sum of.”
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t Student's t for n degrees of freedom and probability P = 0.05 [Table 9].
T total of the responses y in an assay [Equation 16].
T¢ incomplete total for an assay in randomized sets with one missing observation

[Equation 1].
T1 S(y) for the animals injected with the Standard on the first day [Equations 18, 36].

T2 S(y) for the animals injected with the Standard on the second day [Equations 18, 36].

Ta T i for the difference in the responses to the Standard and to the Unknown [Tables 6
to 8].

Tab T i for testing the difference in slope between Standard and Unknown [Tables 6 to 8].

Taq T i for testing opposed curvature in the curves for Standard and Unknown [Tables 6 to
8].

Tb T i for the combined slope of the dosage-response curves for Standard and Unknown
[Tables 6 to 8].

Tb¢ S(x1Tt) or S(x1y) for computing the slope of the log-dose response curve [Equations
10, 23, 28].

T i sum of products of Tt multiplied by the corresponding factorial coefficients in each row
of Tables 6 to 8.

Tq T i for testing similar curvature in the curves for Standard and Unknown [Tables 6 to
8].

Tr row or set total in an assay in randomized sets [Equation 16].

Tr¢ incomplete total for the randomized set with a missing observation in Equation 1.

Tt total of f responses y for a given dose of a preparation [Tables 6 to 8; Equations 6,
13, 14, 16].

Tt¢ incomplete total for the treatment with a missing observation in Equation 1.

Ui a log-dose of Unknown [Tables 6 to 8].

v variance for heterogeneity between assays [Equation 45].
V =
1/w

variance of an individual M [Equations 44 to 47].

w weight assigned to the M for an individual assay [Equation 38], or to a probit for
computing an LD50 [Equations 2a, 2b].

w¢ semi-weight of each M in a series of assays [Equations 47, 48].
x a log-dose of drug in a bioassay [Equation 5]; also the difference between two log-

threshold doses in the same animal [Equation 12].
x* coefficients for computing the lowest and highest expected responses yL and yH in a

log-dose response curve [Table 4; Equation 3].
x1 a factorial coefficient that is a multiple of (x – x) for computing the slope of a straight

line [Table 5; Equation 6].
x mean log-dose [Equation 5].
xS mean log-dose for Standard [Equation 9].

xU mean log-dose for Unknown [Equation 9].

X log-potency from a unit response, as interpolated from a standard curve [Equations
7a, 7b, 19].

XM confidence limits for an estimated log-potency M [Equations 25, 30].

XP* confidence limits for a directly estimated potency P* (see Digitalis assay) [Equation
33].
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y an observed individual response to a dose of drug in the units used in computing
potency and the error variance [Equations 13 to 16]; a unit difference between paired
responses in 2-dose assays [Equations 17, 18].

y1...yN observed responses listed in order of magnitude, for computing G1, G2, or G3 in Table
1.

y¢ replacement for a missing value [Equation 1].
y mean response in a set or assay [Equation 5].
yt mean response to a given treatment [Equations 3, 6].

Y a response predicted from a dosage-response relationship,often with qualifying
subscripts [Equations 3 to 5].

z threshold dose determined directly by titration (see Digitalis assay) [Equation 11].
z mean threshold dose in a set (see Digitalis assay) [Equations 31, 32, 33].

INTRODUCTION

The potency of several Pharmacopeial articles must be determined by bioassays. The aim of
this chapter is to present a concise account of certain essential biometrical procedures for USP
bioassays, namely outlier identification, confidence intervals for relative potency
measurements, and combination of independent assays.

REJECTION OF OUTLYING OR ABERRANT OBSERVATIONS

A response that is questionable because of failure to comply with the procedure during the
course of an assay is rejected. Other aberrant values may be discovered only after the
responses have been tabulated, but can then be traced to assay irregularities that justify their
omission. The arbitrary rejection or retention of an apparently aberrant response can be a
serious source of bias. In general, the rejection of observations solely on the basis of their
relative magnitudes is a procedure to be used sparingly. When this is unavoidable, each
suspected aberrant response or outlier may be tested against one of two criteria, both of
which assume that the data have a nearly normal distribution (which may be satisfied only after
a suitable transformation of the original responses).

Method 1 (Dixon's gap test): The first criterion is based on the variation within a single group
of supposedly equivalent responses, such as a group of animals given a common concentration
of a sample. On the average, a valid observation will be rejected once in 100 trials (when the
suspected outlier can occur at only one end) or once in 50 trials (when the suspected outlier
can occur at either end), provided that relatively few, if any, responses within the group are
identical. Arrange the responses in order of magnitude from y1 to yN, where N is the number of
observations in the group. Compute the relative gap by using Table 2. Test for Outlier
Measurements and the formulas in Table 1 below.

Table 1

Sample Size
(N)

Candidate Outlier is Smallest
(y1)

Candidate Outlier is Largest
(yN)

3–7 G1
 = (y2

  y1
)/(yN

  y1
) G1

 = (yN
  yN-1

)/(yN
 - y1

)
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8–10 G2
 = (y2

  y1
)/(yN-1

  y1
) G2

 = (yN
  yN-1

)/(yN
  y2

)

11–13 G3
 = (y3

  y1
)/(yN-1

  y1
) G3

 = (yN
  yN-2

)/(yN
  y2

)

If G1, G2, or G3, as appropriate, exceeds the critical value in Table 2, for the observed N, there
is a statistical basis for identifying the discordant measurement as an outlier and considering its
removal. For N larger than 13, use Method 2. 
In samples from a normal population, gaps equal to or larger than the following values of G1, G2,
and G3 occur with a probability P = 0.01, when outlier measurements can occur only at one
end; or with P = 0.02, when they may occur at either end.

Table 2. Test for Outlier Measurements
N 3 4 5 6 7
G1 0.988 0.889 0.781 0.698 0.637

 
N 8 9 10 — —
G2 0.681 0.634 0.597 — —

 
N 11 12 13 — —
G3 0.674 0.643 0.617 — —

Method 2 (Grubbs, extreme studentized deviate test): The second test may be used to
examine for outlying values in groups of supposedly equivalent responses and may also be used
in examining the set of residuals from a fitted model (linear or nonlinear) where there is
constant variance. (Note that for application to residuals, the following is an approximation. If
the statistical software provides studentized residuals, those values should be used instead of
those from equation [1].) For the value, R, that is furthest from the sample mean, compute the
standardized deviation Z, where

Z = (R  R)/S [1]

where R and S are the mean and standard deviation, respectively, of the set of values. For
residuals from a least squares fit, such as for a parallel line assay, R = 0, and S is the square
root of the residual mean square from the analysis. If |Z| is greater than C as determined
below, then the value R is identified as a statistical outlier at the 1% level.

where N is the sample size, t is the (one-sided) 100p percentage point from the t distribution
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with df the degrees of freedom associated with S, and

For further discussion of outliers, see general information chapter 1010  which may be a
helpful, but not mandatory, resource.

THE CONFIDENCE INTERVAL AND LIMITS OF POTENCY

The following method (Fieller's) is used to determine the confidence interval for an estimate of
log relative potency from a parallel line assay or a slope ratio assay. Let M = a/b be the ratio
for which we need a confidence interval. For the estimates, a and b, we have their respective
standard errors, SEa and SEb, and a covariance between them, denoted Cov. The confidence
interval, (ML, MU), for the estimated log relative potency then is as follows:

where

and t is the appropriate t deviate value for the residual degrees of freedom from the statistical
analysis and confidence level chosen (usually 95%). If g > 1, it means that the denominator, b,
is not statistically significantly different from 0 and the use of the ratio is not sensible for those

data. The length, L, of this confidence interval is MU  ML. 
For those cases where the estimates of a and b are statistically uncorrelated (Cov = 0), the
confidence interval formula simplifies to the following:
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For further discussion of confidence intervals for potency, see general information chapter 

1034  which may be a helpful, but not mandatory, resource.

COMBINATION OF INDEPENDENT ASSAYS

When the method permits, additional assays can be conducted until the combined results
reduce the confidence interval to within the limits specified in the pertinent monograph. Where
two or more independent assays are required, each leading to a log-potency M, the M's are
combined in one of the following three methods. Use Method 1 unless otherwise directed by the
pertinent monograph.

Method 1: Let Mi denote the logarithm of the relative potency of the ith assay of h assay
results to be combined. To combine the h results, the mean, standard deviation, and standard
error of the Mi are calculated in the usual way:

A 100(1  )% confidence interval is then found as
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where tN-1, /2 is the upper /2 percentage point of a t-distribution with h  1 degrees of
freedom. The width, L, of this interval is 2tN-1, /2SE.

Method 2.It is assumed that the results of each of the h assays have been analyzed to give h
values of log potency with associated confidence limits. For each assay, i, the confidence
interval for the log potency or log relative potency and a value Li are obtained by subtracting
the lower confidence limit from the upper. A weight wi for each value of the log relative
potency, Mi, is calculated as follows, where t i has the same value as that used in the
calculation of confidence limits in the ith assay:

The products wiMi are formed for each assay, and their sum is divided by the total weight for
all assays to give the weighted mean log relative potency and its standard error as follows:

Next compute an approximate chi-square,

If the value of the approximate 2
M is less than the value shown in Table 3, compute the

confidence interval using Equation [2]; otherwise use Alternate weights as described below. 

A 100(1  )% confidence interval in the log scale is then found as
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where tk, /2 is the upper /2 percentage point of a t-distribution with degrees of freedom, k,
equal to the sum of the number of degrees of freedom for the error mean squares in the
individual assays. The width, L, of this interval is 2tk, /2SE.

Table 3. Critical Values for Approximate Chi-Square Test

h Critical Value

2 0.455
3 1.386
4 2.366
5 3.357
6 4.351
7 5.348
8 6.346
9 7.344
10 8.343

Alternate weights: The observed variation among the estimated log potencies or relative
potencies can be divided into two components:

intra-assay variation for assay i: Vi = 1/wi

inter-assay variation:

For each assay, a weighting coefficient is then calculated as

which replaces wi in equation [2] and where t in equation [3] is often approximated by the
value 2. 

For further discussion of combination of assays, see general information chapter 1034  which
may be a helpful, but not mandatory, resource.
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BRIEFING

469  Ethylene Glycol, Diethylene Glycol, and Triethylene Glycol in Ethoxylated
Substances. On the basis of comments and data received, the General Chapters—Chemical
Analysis Expert Committee and the Monographs—Excipients Expert Committee propose a new
chapter to determine residual ethylene glycol, diethylene glycol, and triethylene glycol in
ethoxylated substances. The proposed procedure is based on analyses performed with the
Restek Rtx-50 brand of G3 column. The typical retention times for ethylene glycol, butane-
1,3-diol, diethylene glycol, and triethylene glycol are about 4.8, 10.6, 13.3, and 18.0 min,
respectively.

(GCCA; EXC: H. Wang.)
Correspondence Number—C100877

Comment deadline: September 30, 2013

Add the following:

469  Ethylene Glycol, Diethylene Glycol, and Triethylene Glycol in Ethoxylated
Substances

The following procedure is used to determine the concentration of residual ethylene glycol,
diethylene glycol, and triethylene glycol in ethoxylated products. Ethoxylated products may
contain residual ethylene glycol, diethylene glycol, and triethylene glycol as a result of the
manufacturing process. The procedure is suitable for the following substances:

1. Polyethylene glycol 200
2. Polyethylene glycol 300
3. Polyethylene glycol 400
4. Polyethylene glycol 600
5. Polyethylene glycol 1000
6. Polysorbate 20
7. Polysorbate 40
8. Polysorbate 60
9. Polysorbate 80

10. Polyethylene glycol monomethyl ether 350
11. Polyethylene glycol monomethyl ether 550
12. Polyoxyl 35 castor oil
13. Polyoxyl 15 hydroxystearate
14. Polyoxyl 20 cetostearyl ether

2S (USP37)
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15. Polyoxyl 8 stearate
16. Octoxynol 9
17. Nonoxynol 9

IMPURITIES
•  Procedure

Diluent:  Acetone
Standard solution:  25 µg/mL of USP Ethylene Glycol RS, 40 µg/mL of USP Diethylene

Glycol RS, 40 µg/mL of USP Triethylene Glycol RS, and 40 µg/mL of USP Butane-1,3-diol
RS (internal standard) in Diluent

Sample solution:  40 mg/mL of the test substance and 40 µg/mL of USP Butane-1,3-diol
RS (internal standard) in Diluent

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m capillary column bonded with a 1.0-µm layer of phase G3
Temperatures 

Detector:  290

Injection port:  270
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

40 10 60 5
60 10 170 0

170 15 280 0, 60a

a  Hold time was 0 min for the Standard solution and 60 min for the Sample solution and
Diluent.

Carrier gas:  Helium
Flow rate:  5.0 mL/min
Injection volume:  1.0 µL
Injection type:  Split ratio, 2:1
Liner:  General-purpose split/splitless, tapered, glass wool, deactivated
Run time:  26 min for the Standard solution; 86 min for the Sample solution and Diluent

System suitability 
Sample:  Standard solution
[Note—See Table 2 for the relative retention times.]

Table 2

Name

Relative
Retention

Time

Ethylene glycol 0.45
Butane-1,3-diol (internal standard) 1.00
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Diethylene glycol 1.25
Triethylene glycol 1.7

System suitability requirements 
Resolution:  NLT 20 between ethylene glycol and butane-1,3-diol; NLT 20 between

butane-1,3-diol and diethylene glycol; NLT 20 between diethylene glycol and
triethylene glycol

Tailing factor:  0.8–1.2 for each of the four peaks assigned to ethylene glycol, butane-
1,3-diol, diethylene glycol, and triethylene glycol

Relative standard deviation:  NMT 5.0% for the peak response ratio of the respective
glycol (ethylene glycol, diethylene glycol, or triethylene glycol) to the internal
standard

Analysis 
Samples:  Standard solution and Sample solution

Identify the ethylene glycol, diethylene glycol, and triethylene glycol peaks in the Sample
solution by comparison with those in the Standard solution. 
Calculate the content of ethylene glycol, diethylene glycol, or triethylene glycol, in µg/g,
in the portion of test substance taken:

Result = (RU/RS) × (CS/CU) × F

RU= peak response ratio of the respective glycol to the internal standard (peak response of
the respective glycol/peak response of the internal standard) from the Sample solution

RS= peak response ratio of the respective glycol to the internal standard (peak response of
the respective glycol/peak response of the internal standard) from the Standard solution

CS= concentration of the respective glycol (ethylene glycol, diethylene glycol, or triethylene
glycol) in the Standard solution (µg/mL)

CU= concentration of the test substance in the Sample solution (mg/mL)
F= conversion factor (1000 mg/g)

ADDITIONAL REQUIREMENTS

•  USP Reference Standards 11
USP Butane-1,3-diol RS
USP Diethylene Glycol RS 
USP Ethylene Glycol RS
USP Triethylene Glycol RS

BRIEFING

659  Packaging and Storage Requirements. USP 36 page 280 and PF 38(6) [Nov.–Dec.
2012]. In response to patient safety concerns with the use of single-dose containers, two
Expert Committees—the Compounding Expert Committee and the Nomenclature, Safety, and
Labeling Expert Committee— in conjunction with the FDA and CDC are proposing a revision to
the single-dose container definition to emphasize that it is intended for one- time use in a
single patient.

(GCPS: D. Hunt.)
Correspondence Number—C128995

2S (USP37)
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Comment deadline: September 30, 2013

659  PACKAGING AND STORAGE REQUIREMENTS

Every monograph in the USP and NF shall have packaging and storage requirements. For the
packaging portion of the statement, the choice of containers is given in this chapter. For drug
product packaging requirements, definitions are provided to guide selection and adaptation. For
active pharmaceutical ingredients (APIs), the choice would be tight, well-closed or, where
needed, a light-resistant container. For excipients, given their typical presentation as large-
volume commodity items (containers ranging from drums to tank cars), a well-closed container
is an appropriate default. 
Where no specific directions or limitations are provided in the article’s labeling, articles shall be
protected from moisture, freezing, and excessive heat and, where necessary, from light during
shipping and distribution. Drug substances are exempt from this standard.

PACKAGING

Packaging must not interact physically or chemically with official articles in any way that
causes their safety, identity, strength, quality, or purity to fail to conform to requirements.
This chapter provides definitions of both packaging and storage.

Change to read:

GENERAL DEFINITIONS

Packaging system (also referred to as a container–closure system): The sum of packaging
components that together contain and protect the article. This includes primary packaging
components and secondary packaging components, if the latter is intended to provide
additional protection.

Container: A receptacle that holds an intermediate compound, active pharmaceutical
ingredient, excipient, or dosage form and is in direct contact with the articles.

Packaging component: Any single part of the package or container–closure system including
the container (e.g., ampuls, prefilled syringes, vials, bottles); container liners (e.g., tube
cartridge liners); closures (e.g., screw caps, stoppers); ferrules and overseals; closure liners;
inner seals; administration ports; overwraps; administration accessories; and labels.

Primary packaging component: Packaging components that are in direct contact or may
become in direct contact with the article.

Secondary packaging component: Packaging components that are not and will not be in
direct contact with the article but may provide additional protection.

Tertiary packaging: Packaging components that are not in direct contact with the article but
facilitate the handling and transport in order to prevent damage from physical handling and
storage conditions to which the article is subjected.

Materials of construction: Refers to the materials (e.g., glass, plastic, elastomers, metal)
used to manufacture a packaging component.
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Multiple-dose (also referred to as multi-dose): A packaging system that permits withdrawal of
successive portions of an article for parenteral administration without changing the safety,

strength, quality, or purity of the remaining portion. See Multi-Dose Containers in Injections 1

, Determination of Volume of Injection in Containers

Container Content for Injections 697 , Multi-Dose Containers .

Multiple-unit: A packaging system that permits withdrawal of successive portions of an article
without changing the safety, strength, quality, or purity of the remaining portion.

Single-unit: A packaging system that holds a quantity of an article intended for administration
as a single dose or a single finished device intended for single use.

Single-dose: (see also Injections 1 , Containers for Injections)

A single-unit package for an article intended for parenteral administration. Examples of single-
dose containers include prefilled syringes, cartridges, fusion-sealed containers, and closure-
sealed containers when so labeled.
A single-dose container is a container of sterile medication for parenteral administration

(injection or infusion) that is not required to meet the antimicrobial effectiveness testing
criteria. [Note—For this definition only, container is synonymous with packaging system and
container–closure system.] A single-dose container is designed for use with a single patient as
a single injection/infusion 1 . A single-dose container is labeled as such and, when space
permits, should include on the label appropriate discard instructions. Examples of single-dose
containers are vials, ampuls, and prefilled syringes.

Unit-dose: A single-unit packaging system for an article intended for administration by other
than the parenteral route as a single dose.

Unit-of-use: A packaging system that contains a specific quantity of an article that is
intended to be dispensed as such without further modification except for the addition of
appropriate labeling. Unit-of-Use packaging may not be repackaged for sale.

Pharmacy bulk package: A container
packaging system

of a sterile preparation for parenteral use that contains many single doses. The contents are
intended for use in a pharmacy admixture program and are restricted to the preparation of
admixtures for infusion or, through a sterile transfer device, for the filling of empty sterile
syringes. 
After constitution, the closure shall be penetrated only one time with a suitable sterile transfer
device or dispensing set that allows measured dispensing of the contents. The Pharmacy bulk
package is to be used only in a suitable work area such as a laminar flow hood (or an
equivalent clean-air compounding area). 
Designation as a Pharmacy Bulk Package is limited to Injections, for Injection, or Injectable

emulsion as defined in Injections 1 , Nomenclature . 
Pharmacy bulk packages, although containing more than one single dose, are exempt from the
multiple-dose container volume limit of 30 mL and the requirement that they contain a
substance or suitable mixture of substances to prevent the growth of microorganisms. Where a
container is offered as a Pharmacy Bulk Package, the label shall (a) state prominently
“Pharmacy Bulk Packages—Not for direct infusion,” (b) contain or refer to information on proper

USP37
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techniques to help assure safe use of the product, and (c) bear a statement limiting the time
frame in which the container may be used once it has been entered, provided it is held under
the labeled storage conditions.

See Labeling 7  for labeling requirements.

Small-volume injections: A single-dose injection that is intended for intravenous use, and is
packaged in containers labeled as containing 100 mL or less.

Large-volume injections: A single-dose injection that is intended for intravenous use, and is
packaged in containers labeled as containing more than 100 mL.

Child-resistant: A packaging system designed or constructed to meet Consumer Product
Safety Commission standards pertaining to opening by children (16 CFR § 1700.20).

Senior-friendly: A packaging system designed or constructed to meet Consumer Product
Safety Commission standards pertaining to opening by senior adults (16 CFR § 1700.20).

Tamper-evident: A packaging system that may not be accessed without obvious destruction
of the seal or some portion of the packaging system.

Tight: A packaging system that protects the articles from contamination by extraneous liquids,
solids, or vapors; from loss of the article; and from efflorescence, deliquescence, or
evaporation under the ordinary or customary conditions of handling, shipment, storage, and

distribution. See Containers—Performance Testing 671 .

Well-closed: A packaging system that protects the articles from contamination by extraneous
solids and liquids and from loss of the article under the ordinary or customary conditions of

handling, shipment, storage, and distribution. See Containers—Performance Testing 671 .

Light-resistant: A packaging system that protects from the effects of light by virtue of the
specific properties of the material of which it is composed, including any coating applied to it. A
clear and colorless or a translucent container may be made light-resistant by means of an
opaque covering or by use of secondary packaging, in which case the label of the container
bears a statement that the opaque covering or secondary packaging is needed until the articles

are to be used or administered. See Containers—Performance Testing 671 , Light
Transmission Test.

Add the following:

INJECTION PACKAGING

Validation of container–closure integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, storage, shipment, and
distribution. Closures for multiple-dose packaging systems permit the withdrawal of the
contents without removal or destruction of the closure. The closure permits penetration by a
needle and, upon withdrawal of the needle, closes at once, protecting the contents against
contamination. Validation of the multiple-dose container–closure integrity must include
verification that such a package prevents microbial contamination or loss of product contents

USP37
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under anticipated conditions of multiple entry and use. 
Piggyback packaging systems are usually intravenous infusion container–closure systems used
to administer a second infusion through a connector of some type or an injection port on the
administration set of the first fluid, thereby avoiding the need for another injection site on the
patient's body. Piggyback packaging systems also are known as secondary infusion containers. 
The volume of injection in a single-dose packaging system provides the amount specified for
one-time parenteral administration and in no case is more than sufficient to permit the
withdrawal and administration of 1 L. 
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
only in single-dose packaging systems. 
Unless otherwise specified in the individual monograph, a multiple-dose packaging system
contains a volume of injection sufficient to permit the withdrawal of NMT 30 mL. 
The following injections are exempt from the 1 L restriction of the foregoing requirements
relating to packaging:

1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions.

2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration.

Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1 L restriction. Injections labeled for veterinary use are exempt
from packaging and storage requirements concerning the limitation to single-dose packaging
systems and the limitation on the volume of multiple-dose containers.

Sterile solids packaging: A packaging system for a sterile solid permits the addition of a
suitable solvent and withdrawal of portions of the resulting solution or suspension in such
manner that the sterility of the product is maintained. Where the Assay in a monograph
provides a procedure for the Sample solution, in which the total withdrawable contents are to
be withdrawn from a single-dose packaging system with a hypodermic needle and syringe, the
contents are to be withdrawn as completely as possible into a dry hypodermic syringe of a
rated capacity not exceeding three times the volume to be withdrawn and fitted with a 21-
gauge needle NLT 2.5 cm (1 inch) in length, with care being taken to expel any air bubbles, and
discharged into a container for dilution and assay.

MEDICAL GAS PACKAGING

Gas cylinder: A gas cylinder is a metallic packaging system constructed of steel or aluminum
designed to hold medical gases under pressure. Medical gases include Carbon Dioxide USP,
Helium USP, Medical Air USP, Nitric Oxide, Nitrous Oxide USP, Nitrogen NF, and Oxygen USP. As
a safety measure, for carbon dioxide, cyclopropane, helium, medical air, nitrous oxide, and
oxygen, the Pin-Index Safety System of matched fittings is recommended for cylinders of Size
E or smaller.

ASSOCIATED COMPONENTS

USP37
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Many associated components are graduated for dose administration. It is the responsibility of
the manufacturer to ensure that the appropriate dosing component is provided or that a
general purpose component, such as those described in this section, is specified for delivering
the appropriate dose with the intended accuracy. The graduations should be legible and
indelible. 
Graduated associated components described in this section are for general use. Graduated
markings should be legible, indelible, and on an extraoral nonproduct contact surface. Under
ideal conditions of use, the volume error incurred in measuring liquids for individual dose
administration by means of such graduated components should be NMT 10% of the indicated
amount of the liquid preparation with which the graduated component will be used. Few liquid
preparations have the same surface and flow characteristics. Therefore, the volume delivered
varies materially from one preparation to another. 
Polymers and ingredients added to polymers that are used in the fabrication of associated
components must conform to the requirements in the applicable sections of the Code of Federal
Regulations, Title 21, Indirect Food Additives.

Dosing cups: A measuring device consisting of a small cup that is packaged with oral liquid
articles or that may be sold and purchased separately.

Dosing spoon: A measuring device consisting of a bowl and a handle that is packaged with oral
liquid articles or that may be sold and purchased separately. The handle may be a graduated
tube.

Medicine dropper: A measuring device consisting of a transparent or translucent barrel or tube
that is generally fitted with a collapsible bulb. It is packaged with oral liquid articles or may be
sold and purchased separately. 
Droppers typically vary in capacity; however, the delivery end should be a round opening
having an external diameter of about 3 mm. The barrel may be graduated. [Note—Few medicinal
liquids have the same surface and flow characteristics as water, and therefore the size of
drops varies materially from one preparation to another.]

Oral syringe: A measuring device consisting of a plunger and barrel made of suitable rigid,
transparent or translucent plastic material and a seal on the end. It is packaged with oral liquid
articles or may be sold and purchased separately. The syringe should expel a measured amount
of a liquid article directly into the patient’s mouth. Finger grips located at the open end of the
barrel should be the appropriate size, shape, and strength, and should allow the syringe to be
held securely during use. The barrel may be graduated.

Teaspoon: A measuring device consisting of a shallow bowl, oval or round, at the end of a
handle. A teaspoon has been established as containing 4.93 ± 0.24 mL. For the practice of
administering articles, the teaspoon may be regarded as representing a volume of 5 mL. 
Articles intended for administration by teaspoon should be formulated on the basis of dosage in
5-mL units, such that any component used to administer liquid articles should deliver 5 mL
wherever a teaspoon calibration is indicated. A household spoon is not an acceptable
alternative to the graduated teaspoon described herein.

POISON PREVENTION PACKAGING ACT (PPPA)
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This act requires special packaging of most human oral prescription drugs, oral controlled drugs,
certain non-oral prescription drugs, certain dietary supplements, and many over-the-counter
(OTC) drug preparations in order to protect the public from personal injury or illness from misuse
of these preparations (16 CFR §1700.14). 
The immediate packaging of substances regulated under the PPPA must comply with the special
packaging standards (16 CFR §1700.15 and 16 CFR §1700.16) and applies to all packaging
types including reclosable, nonclosable, and unit-dose types. 
Special packaging is not required either for drugs dispensed within a hospital setting for
inpatient administration or by manufacturers and packagers of bulk-packaged prescription drugs
repackaged by the pharmacist. PPPA-regulated prescription drugs may be dispensed in
nonchild-resistant packaging upon the request of the purchaser or when directed in a legitimate
prescription (15 U.S.C. §1473). 
Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one
size in nonchild-resistant packaging as long as popular-size, special packages are also supplied.
The nonchild-resistant packaging requires special labeling (16 CFR §1700.5).

STORAGE CONDITIONS

Specific directions are stated in some monographs with respect to storage conditions, e.g., the
temperature or humidity at which an article must be stored and shipped. Such directions apply,
except where the label on the article has different storage conditions that are based on
stability studies. Where no specific storage conditions are provided in the individual monograph,
but the label of an article states storage conditions based on stability studies, such labeled
storage directions apply. Current storage conditions for articles are defined by the following
terms:

Freezer: A place in which the temperature is maintained between 25  and 10  ( 13  and

14 F).

Refrigerator: A place in which the temperature is maintained between 2  and 8  (36  and 46 
F).

Cold: Any temperature not exceeding 8  (46 F).

Cool: Any temperature between 8  and 15  (46  and 59 F). [Note—An article for which
storage in a cool place is directed may, alternatively, be stored and shipped as refrigerated,
unless otherwise specified by the individual monograph.]

Room temperature: The temperature prevailing in a work area.

Controlled room temperature: The temperature maintained at the usual and customary

working environment of 20  to 25  (68  to 77 F). The following conditions also apply. 

The mean kinetic temperature shall not exceed 25 . The mean kinetic temperature is a
calculated value that may be used as an isothermal storage temperature that simulates the
nonisothermal effects of storage temperature variations. 

Excursions between 15  and 30  (59  and 86 F) that are experienced in pharmacies, hospitals,
and warehouses, and during shipping are allowed, provided the mean kinetic temperature does
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not exceed 25 . 

Transient spikes up to 40  are permitted as long as they do not last for more than 24 hours.

Spikes above 40  may be permitted only if the manufacturer so instructs. 

Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ”, or other
wording based on the same mean kinetic temperature. 
An article for which storage at Controlled Room Temperature is directed may, alternatively, be
stored and shipped in a cool place or refrigerated, unless otherwise specified in the individual
monograph or on the label.

Warm: Any temperature between 30  and 40  (86  and 104 F).

Excessive heat: Any temperature above 40  (104 F).

Dry place: The term “dry place” denotes a place that does not exceed 40% average relative

humidity at 20  (68 F) or the equivalent water vapor pressure at other temperatures. The
determination may be made by direct measurement at the place or may be based on reported
climatic conditions. Determination is based on NLT 12 equally spaced measurements that
encompass either a season, a year, or, where recorded data demonstrate, the storage period
of the article. There may be values of up to 45% relative humidity provided that the average
value does not exceed 40% relative humidity. Storage in a container validated to protect the
article from moisture vapor, including storage in bulk, is considered a dry place.

Protection from freezing: Where, in addition to the risk of breakage of the container, freezing
subjects an article to loss of strength or potency, or to destructive alteration of its
characteristics, the container label bears an appropriate instruction to protect the article from
freezing.

Protection from light: Where light subjects an article to loss of strength or potency, or to
destructive alteration of its characteristics, the container label bears an appropriate instruction
to protect the article from light.

1
  Exceptions may be considered only under conditions described in Pharmaceutical Compounding—Sterile

Preparations 797

BRIEFING

705  Quality Attributes of Tablets Labeled as Having a Functional Score. The General
Chapters—Dosage Forms Expert Committee proposes to add a new general test chapter to
ensure the quality attributes of functionally scored tablets during their time in the marketplace.
The tests provided in this new general chapter will apply to products with approved labeling
indicating that the tablets can be split to produce multiple portions that have correspondingly
fractional doses. At present, no USP monograph describes such products. In the future, this
general chapter can be referenced in monographs for tablets with approved functional scoring.
The inclusion of this general chapter as a requirement in a tablets monograph will take place via
the normal request for revision process described in the USP Guideline for Submitting Requests
for Revision to USP–NF (www.usp.org).

In 2011 FDA published a draft Guidance for Industry—Tablet Scoring: Nomenclature,
Labeling, and Data for Evaluation

2S (USP37)
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(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM269921.pdf).
This guidance gives recommendations for the content of applications from manufacturers who
seek to claim on the product's labeling that their product has functional scoring. The approved
labeling would provide information to patients and practitioners that the tablets can be split to
achieve subdivided portions. This proposed new general chapter gives specific procedures and
criteria upon which to evaluate the quality of these scored tablets and the performance of the
subdivided portions.

A Stimuli to the Revision Process article in this number of Pharmacopeial Forum gives further
insights into the rationale for the new general chapter and its contents.

(GCDF: W. Brown.)
Correspondence Number—C127804

Comment deadline: September 30, 2013

Add the following:

705  QUALITY ATTRIBUTES OF TABLETS LABELED AS HAVING A FUNCTIONAL SCORE

PURPOSE

This chapter provides quality attributes for tablets labeled as having a functional score. At the
time of splitting, the intact tablets should conform to the monograph specification. With the
exception of dose, each split portion from tablets labeled as having a functional score are
expected to conform to the quality attributes of the whole tablets. The split portions resulting
from subdividing a functionally scored tablet should conform to the tests for Splitting Tablets
with Functional Scoring and Dissolution or Disintegration given in this chapter. Disintegration
testing is required only when approved as a surrogate for dissolution and specified in the
monograph. The label claim of the split portions should be a simple fractional part of the claim
for the intact tablet based on the number of scores and the size of the split portion (e.g., one-
half, one-third, or one-quarter). The dose of the split tablet portions should be stated on the
product labeling.

SCOPE

This chapter applies to tablets labeled as having a functional score and to the split portions
that represent any labeled fraction of the whole functionally scored tablet dose. Tablets should
be split as part of the test procedure. Testing should be performed promptly after splitting
unless the stability of the samples has been demonstrated, and the storage conditions and
period should be defined in the test procedure. For Dissolution or Disintegration testing,
analysts should use only split portions from tablets determined to be acceptable by the Splitting
Tablets with Functional Scoring test.

SPLITTING TABLETS WITH FUNCTIONAL SCORING

Procedure

1. Take a random sample of 30 intact tablets, and proceed as follows.
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1. Take a random sample of 30 intact tablets, and proceed as follows.
2. Accurately weigh each tablet, and record its weight.
3. For each intact tablet, determine the expected weight of the split portions by dividing

the whole-tablet weight by the designated number of split portions indicated on the
labeling.

4. Split each tablet by hand (without mechanical assistance) into the designed number of
split portions, and weigh each split portion.

5. For each tablet, determine the percent of the expected weight in each split portion.

An acceptable tablet breaks into the designed number of segments, and each split portion has
NLT 75% and NMT 125% of the expected weight of the split tablet portion. [Note—Set aside
split tablet portions derived from acceptable tablets for subsequent testing for dissolution or
disintegration.] 
Acceptance Criteria: NLT 28 of the 30 tablets are acceptable.

DISSOLUTION

Use split portions from tablets that are acceptable according to the Splitting Tablets with
Functional Scoring test.

Immediate-Release Tablets

Dissolution for immediate-release tablets is performed at the S2 stage (see 711 ). Test 12
split tablet portions according to the specified Medium, Apparatus, Times, and Analysis. The
average of the 12 results is NLT Q, and no result is less than Q – 15%.

Extended-Release Tablets

Perform dissolution testing of split tablet portions from extended-release tablets by one of the
two alternative procedures. The procedure to be used is specified in the monograph. 

Procedure 1 (Procedure for Extended-Release Dosage Forms, Dissolution 711 ): Individually
test 12 split tablet portions and 12 intact tablets. 
Medium, Apparatus, and Analysis: As given in the monograph following the appropriate test
number found on the labeling. Dissolution profile test time points are determined as follows.
From the appropriate dissolution test in the monograph, use the time points given. At a
minimum, use three time points with no more than one time point where the results exceed 85%
dissolved. 
Calculate the similarity factor (f2) for the intact-tablet results and the split-tablet portion
results:
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Rt = cumulative percentage of the labeled drug dissolved at each of the selected n time points
of the intact tablets
Tt = cumulative percentage of the labeled drug dissolved at each of the selected n time points
of the split tablet portions

Acceptance Criteria: The calculated f2 is NLT 50 (acceptable range: 50–100). 

Procedure 2 (Procedure for Extended-Release Dosage Forms, Dissolution 711 ): Use a split-
tablet portion as the dosage unit. Individually test 12 dosage units. 
Medium, Apparatus, Times, and Analysis: As given in the monograph following the
appropriate test number found on the labeling. 
Acceptance Criteria: The percentages of the labeled amount released at the times specified

conform to the L2 level criteria of Acceptance Table 2 in 711 .

DISINTEGRATION

Disintegration testing is necessary only when used as a surrogate for dissolution testing as
specified in the monograph. Follow the procedure using split portions from tablets that are
acceptable according to the Splitting Tablets with Functional Scoring test as the dosage unit

(see 701 ).

BRIEFING

724  Drug Release, USP 36 page 314. It is proposed to modernize the text of this
chapter and make the following revisions:

1. Add another option for the disk assembly and the option of using a holding wire
screen in Apparatus 5.

2. Update the measurements in the drawing for Apparatus 6.

3. Add more options on how to attach the transdermal system to the apparatus.

(DF2: M. Marques.)
Correspondence Number—C114443

Comment deadline: September 30, 2013

724  DRUG RELEASE

Change to read:

This test is provided to determine compliance with drug-release requirements where specified in
individual monographs. Use the apparatus specified in the individual monograph. Replace the
aliquots withdrawn for analysis with equal volumes of fresh Dissolution Medium at the
temperature specified in the monograph or, where it can be shown that replacement of the
medium is not necessary, correct for the volume change in the calculation. Keep the vessel
covered for the duration of the test, and verify the temperature of the mixture under test at
suitable times.

2S (USP37)
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TRANSDERMAL DELIVERY SYSTEMS—GENERAL DRUG RELEASE STANDARDS

Apparatus 5 (Paddle over Disk)

Apparatus—Use the paddle and vessel assembly from Apparatus 2 as described under

Dissolution 711 , with the addition of a stainless steel disk assembly1 designed for holding
the transdermal system at the bottom of the vessel. Other appropriate devices may be used,
provided they do not sorb, react with, or interfere with the specimen being tested2. The

temperature is maintained at 32 ± 0.5 . A distance of 25 ± 2 mm between the paddle blade and
the surface of the disk assembly is maintained during the test. The vessel may be covered
during the test to minimize evaporation. The disk assembly for holding the transdermal system
is designed to minimize any “dead” volume between the disk assembly and the bottom of the
vessel. The disk assembly holds the system flat and is positioned such that the release surface
is parallel with the bottom of the paddle blade (see Figure 1).

Figure 1. Paddle over disk.(All measurements are expressed in mm unless noted otherwise.)

Apparatus Suitability Test and Dissolution Medium—Proceed as directed for Apparatus 2

under Dissolution 711 .

Procedure—Place the stated volume of the Dissolution Medium in the vessel, assemble the

apparatus without the disk assembly, and equilibrate the medium to 32 ± 0.5 . Apply the
transdermal system to the disk assembly, assuring that the release surface of the system is as
flat as possible. The system may be attached to the disk by applying a suitable adhesive3 to
the disk assembly. Dry for 1 minute. Press the system, release surface side up, onto the
adhesive-coated side of the disk assembly. If a membrane4 is used to support the system, it is
applied so that no air bubbles occur between the membrane and the release surface. Place the
disk assembly flat at the bottom of the vessel with the release surface facing up and parallel to
the edge of the paddle blade and surface of the Dissolution Medium. The bottom edge of the
paddle is 25 ± 2 mm from the surface of the disk assembly. Immediately operate the apparatus
at the rate specified in the monograph. At each sampling time interval, withdraw a specimen
from a zone midway between the surface of the Dissolution Medium and the top of the blade,
not less than 1 cm from the vessel wall. Perform the analysis on each sampled aliquot as
directed in the individual monograph, correcting for any volume losses, as necessary. Repeat
the test with additional transdermal systems.

Time—The test time points, generally three, are expressed in hours. Specimens are to be
withdrawn within a tolerance of ±15 minutes or ±2% of the stated time, the tolerance that
results in the narrowest time interval being selected.
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Interpretation—Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of active ingredient released from the system conform to Acceptance
Table 1 for transdermal drug delivery systems. Continue testing through the three levels unless
the results conform at either L1 or L2.

Acceptance Table 1

Level
Number
Tested Criteria

L1 6 No individual value lies outside the stated range.

L2 6 The average value of the 12 units (L1 + L2) lies within the stated range.
No individual value is outside the stated range by more than 10% of the
average of the stated range.

L3 12 The average value of the 24 units (L1 + L2 + L3) lies within the stated
range. Not more than 2 of the 24 units are outside the stated range by
more than 10% of the average of the stated range; and none of the
units is outside the stated range by more than 20% of the average of
the stated range.

Apparatus 6 (Cylinder)

Apparatus—Use the vessel assembly from Apparatus 1 as described under Dissolution 711 ,
except to replace the basket and shaft with a stainless steel cylinder stirring element and to

maintain the temperature at 32 ± 0.5  during the test. The shaft and cylinder components of
the stirring element are fabricated of stainless steel to the specifications shown in Figure 2.
The dosage unit is placed on the cylinder at the beginning of each test. The distance between
the inside bottom of the vessel and the cylinder is maintained at 25 ± 2 mm during the test.

Figure 2. Cylinder stirring element.5(All measurements are expressed in cm unless noted
otherwise.)

Dissolution Medium—Use the medium specified in the individual monograph (see Dissolution 

711 ).

Procedure—Place the stated volume of the Dissolution Medium in the vessel of the apparatus
specified in the individual monograph, assemble the apparatus, and equilibrate the Dissolution

Medium to 32 ± 0.5 . Unless otherwise directed in the individual monograph, prepare the test
system prior to test as follows. Remove the protective liner from the system, and place the
adhesive side on a piece of Cuprophan4 that is not less than 1 cm larger on all sides than the
system. Place the system, Cuprophan covered side down, on a clean surface, and apply a
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suitable adhesive3 to the exposed Cuprophan borders. If necessary, apply additional adhesive
to the back of the system. Dry for 1 minute. Carefully apply the adhesive-coated side of the
system to the exterior of the cylinder such that the long axis of the system fits around the
circumference of the cylinder. Press the Cuprophan covering to remove trapped air bubbles.
Place the cylinder in the apparatus, and immediately rotate at the rate specified in the
individual monograph. Within the time interval specified, or at each of the times stated,
withdraw a quantity of Dissolution Medium for analysis from a zone midway between the
surface of the Dissolution Medium and the top of the rotating cylinder, not less than 1 cm from
the vessel wall. Perform the analysis as directed in the individual monograph, correcting for any
volume losses as necessary. Repeat the test with additional transdermal drug delivery systems.

Time—Proceed as directed under Apparatus 5.

Interpretation—Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of active ingredient released from the system conform to Acceptance
Table 1 for transdermal drug delivery systems. Continue testing through the three levels unless
the results conform at either L1 or L2.

Apparatus 7 (Reciprocating Holder)

Note—This apparatus may also be specified for use with a variety of dosage forms.

Apparatus—The assembly consists of a set of volumetrically calibrated or tared solution
containers made of glass or other suitable inert material,6 a motor and drive assembly to
reciprocate the system vertically and to index the system horizontally to a different row of
vessels automatically if desired, and a set of suitable sample holders (see Figure 37 and Figures
4a–4d). The solution containers are partially immersed in a suitable water bath of any

convenient size that permits maintaining the temperature, T, inside the containers at 32 ± 0.5
or within the allowable range, as specified in the individual monograph, during the test. No part
of the assembly, including the environment in which the assembly is placed, contributes
significant motion, agitation, or vibration beyond that due to the smooth, vertically
reciprocating sample holder. Apparatus that permits observation of the system and holder
during the test is preferable. Use the size container and sample holder as specified in the
individual monograph. 

Figure 3. Reciprocating disk sample holder.7
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Figure 4a. Transdermal system holder—angled disk.

Figure 4b. Transdermal system holder—cylinder.

Figure 4c. Oral extended-release tablet holder—rod, pointed for gluing.

Figure 4d. Oral extended-release tablet holder—spring holder.

Dissolution Medium—Use the Dissolution Medium specified in the individual monograph (see
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Dissolution 711 ).

Sample Preparation A (Coated tablet drug delivery system)—Attach each system to be
tested to a suitable sample holder (e.g., by gluing system edge with 2-cyano acrylate glue
onto the end of a plastic rod or by placing the system into a small nylon net bag at the end of
a plastic rod or within a metal coil attached to a metal rod).

Sample Preparation B (Transdermal drug delivery system)—Press the system onto a dry,
unused piece of Cuprophan4, nylon netting, or equivalent with the adhesive side against the
selected substrate, taking care to eliminate air bubbles between the substrate and the release
surface. Attach the system to a suitable sized sample holder with a suitable O-ring such that
the back of the system is adjacent to and centered on the bottom of the disk-shaped sample
holder or centered around the circumference of the cylindrical-shaped sample holder. Trim the
excess substrate with a sharp blade.

Sample Preparation C (Other drug delivery systems)—Attach each system to be tested to a
suitable holder as described in the individual monograph.

Procedure—Suspend each sample holder from a vertically reciprocating shaker such that each
system is continuously immersed in an accurately measured volume of Dissolution Medium
within a calibrated container pre-equilibrated to temperature, T. Reciprocate at a frequency of
about 30 cycles per minute with an amplitude of about 2 cm, or as specified in the individual
monograph, for the specified time in the medium specified for each time point. Remove the
solution containers from the bath, cool to room temperature, and add sufficient solution (i.e.,
water in most cases) to correct for evaporative losses. Perform the analysis as directed in the
individual monograph. Repeat the test with additional drug delivery systems as required in the
individual monograph.

Interpretation—Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of the active ingredients released from the system conform to Acceptance

Table 2 under Dissolution 711  for coated tablet drug delivery systems, to Acceptance Table
1 for transdermal drug delivery systems, or as specified in the individual monograph. Continue
testing through the three levels unless the results conform at either L1 or L2.

SCOPE

This test is provided to determine compliance with drug release or dissolution requirements
where stated in the individual monographs for transdermal systems (TDS) and other dosage
forms. From the types of apparatus described herein, use the one specified in the individual
monograph.

GENERAL DRUG RELEASE STANDARDS

Apparatus 5 (Paddle over Disk)

Apparatus: Use the paddle and vessel assembly from Apparatus 2 as described in Dissolution 

711 , with the addition of a disk assembly designed to hold the TDS at the bottom of the
vessel. This disk assembly is designed to minimize any “dead” volume between the assembly
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and the bottom of the vessel. The disk assembly holds the TDS flat and is positioned such that
the release surface is parallel with the bottom of the paddle blade (see Figure 1a, Figure 1b,
and Figure 1c). A distance of 25 ± 2 mm between the paddle blade and the surface of the disk
assembly is maintained during the test. Other appropriate devices may be used (see Figure 2),
provided they do not sorb, react with, or interfere with the specimen being tested.

Figure 1a. Paddle over disk. (All measurements are expressed in mm unless noted otherwise.)

Figure 1b. Paddle over disk (screen and watchglass).
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Figure 1c. Clip to hold screen and watchglass.
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Figure 2. Holding wire screen

Apparatus suitability: Proceed as directed for Apparatus 2 in Dissolution 711 , Apparatus
Suitability, Performance Verification Test, Apparatus 1 and 2.

Medium: Proceed as directed for Dissolution Medium in Dissolution 711 , Procedure,
Apparatus 1 and Apparatus 2, Immediate-Release Dosage Forms.

Procedure 

Place the stated volume of Medium in the vessel, and equilibrate to 32 ± 0.5 . 
Apply the TDS to the disk assembly, assuring that the release surface is as smooth as possible
and the TDS is completely and firmly attached to the disk. The TDS, with release surface side
up, may be attached to the disk by an appropriate and validated procedure such as use of an
adhesive, double-face adhesive tape, screen, or membrane. Care must be taken to avoid the
presence of air bubbles between the membrane, if used, and the TDS, or the presence of
wrinkles on the surface of the TDS. Carefully remove the protective liner from the TDS without
causing damage to the surface of the TDS. 
Place the disk assembly flat at the bottom of the vessel with the release surface facing up and
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parallel to the edge of the paddle blade and surface of the Medium. Ensure that the surface of
the TDS is devoid of air bubbles. The bottom edge of the paddle is 25 ± 2 mm from the surface
of the disk assembly. The vessel may be covered during the test to minimize evaporation. 
Immediately operate the apparatus at the rate specified in the monograph. 
At each sampling time interval, withdraw a specimen from a zone midway between the surface
of the Medium and the top of the blade, not less than 1 cm from the vessel wall. 
Perform the analysis on each sample aliquot as directed in the individual monograph, correcting
for any volume losses, as necessary. Repeat the test with additional TDS as needed.

Time: The test time points, at least three, are expressed in hours. Specimens are to be
withdrawn within a tolerance of ±15 min or ±2% of the stated time, selecting the tolerance
that results in the narrowest time interval.

Interpretation: Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of active ingredient released from the system conform to Acceptance
Table 1 below. Continue testing through the three levels unless the results conform at either L1

or L2.

Acceptance Table 1

Level
Number
Tested Criteria

L1 6 No individual value lies outside the stated range.

L2 6

The average value of the 12 units (L1 + L2) lies within the stated range.
No individual value is outside the stated range by more than 10% of the
average of the stated range.

L3 12

The average value of the 24 units (L1 + L2 + L3) lies within the stated
range. Not more than 2 of the 24 units are outside the stated range by
more than 10% of the average of the stated range; and none of the
units is outside the stated range by more than 20% of the average of
the stated range.

Apparatus 6 (Cylinder)

Apparatus: Use the vessel assembly as described in Dissolution 711 , Apparatus, Apparatus
1 (Basket Apparatus), except replace the basket and shaft with a stainless steel cylinder
stirring element with the specifications shown in Figure 3. This cylinder stirring element is
composed of two parts, one comprising the shaft and the upper cylinder, and the other being
the extension cylinder. Since both parts are serially numbered, it is recommended that they be
kept paired because the friction fitting is done individually for each cylinder, allowing a very
tight fit. The distance between the inside bottom of the vessel and the cylinder is maintained
at 25 ± 2 mm during the test.
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Figure 3. Cylinder stirring element. (All measurements are expressed in cm unless noted
otherwise.)
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Medium: See Dissolution Medium in Dissolution 711 , Procedure, Apparatus 1 and Apparatus
2, Immediate-Release Dosage Forms.

Procedure 

Place the stated volume of Medium in the vessel, and equilibrate to 32 ± 0.5 . 
Apply the TDS to the cylinder, assuring that the release surface is as smooth as possible and
the TDS is completely and firmly attached to the cylinder. The TDS, with release side facing
the Medium, may be attached to the cylinder by an appropriate and validated procedure such
as use of an adhesive, double-face adhesive tape, membrane, or nylon net. Care must be taken
to avoid the presence of air bubbles between the membrane, if used, and the TDS, or the
presence of wrinkles on the surface of the TDS. Carefully remove the protective liner from the
TDS without causing damage to the surface. If additional reinforcement of the TDS to the
cylinder is needed, inert metal wire or a polymer ring may be used. 
Place the cylinder in the apparatus, and immediately rotate at the rate specified in the
individual monograph.The vessel may be covered during the test to minimize evaporation. 
At each sampling time interval, withdraw a specimen from a zone midway between the surface
of the Medium and the top of the rotating cylinder, not less than 1 cm from the vessel wall. 
Perform the analysis on each sample aliquot as directed in the individual monograph, correcting
for any volume losses, as necessary. Repeat the test with additional TDS, as needed.

Time: The test time points, at least three, are expressed in hours. Specimens are to be
withdrawn within a tolerance of ±15 min or ±2% of the stated time, selecting the tolerance
that results in the narrowest time interval.

Interpretation: Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of active ingredient released from the system conform to Acceptance
Table 1 above. Continue testing through the three levels unless the results conform at either L1

or L2.

Apparatus 7 (Reciprocating Holder)

Apparatus: The assembly consists of (1) a set of volumetrically calibrated or tared solution
containers made of glass or other suitable inert material that should not sorb, react with, or
interfere with the specimen being tested; (2) a motor and drive assembly to reciprocate the
system vertically and to index the system horizontally to a different row of vessels,
automatically if desired; and (3) a set of suitable sample holders (see Figure 4 and Figures
5a–Figures 5d). 

Figure 4. Reciprocating disk sample holder.
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Figure 5a. Transdermal system holder—angled disk.

Figure 5b. Transdermal system holder—cylinder.

Figure 5c. Oral extended-release tablet holder—rod, pointed for gluing.

Figure 5d. Oral extended-release tablet holder—spring holder.

During the test, the solution containers are partially immersed in a suitable water bath of any

convenient size that permits maintaining the temperature inside the containers at 32 ± 0.5  for

TDS or at 37 ± 0.5  for other dosage forms during the test. 
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No part of the assembly, including the environment in which the assembly is placed, contributes
significant motion, agitation, or vibration beyond that due to the smooth, vertically
reciprocating sample holder. 
Apparatus that permits observation of the system and holder during the test is preferable. 
Use the size container and sample holder as specified in the individual monograph.

Medium: See Dissolution Medium in Dissolution 711 , Procedure, Apparatus 1 and Apparatus
2, Immediate-Release Dosage Forms.

Sample preparation A (For osmotic pump tablets): Attach each unit to be tested to a
suitable holder by an appropriate and validated procedure such as use of an adhesive to adhere
the edge of the tablet to a holder (e.g. Figure 5c), the spring holder (Figure 5d), a small nylon
net bag, or a membrane.

Sample preparation B (For TDS): Apply the TDS to the appropriate holder, assuring that the
release surface is as smooth as possible and the TDS is completely and firmly attached to the
holder. The TDS, with release side facing the Medium, may be attached to the holder by an
appropriate and validated procedure such as use of an adhesive, double-face adhesive tape,
membrane, or nylon net. Care must be taken to avoid the presence of air bubbles between the
membrane, if used, and the TDS, or the presence of wrinkles on the surface of the TDS.
Carefully remove the protective liner from the TDS without causing damage to the surface of
the TDS. If additional reinforcement of the TDS to the holder is needed, inert metal wire or a
polymer ring may be used.

Sample preparation C (For other dosage forms): Attach each dosage form to be tested to
a suitable holder.

Procedure: Place the stated volume of Medium in the solution containers, and equilibrate to
the test temperature. 
Suspend each prepared sample holder from a vertically reciprocating shaker such that each
system is coninuosly immersed in Medium during the entire test. 
Reciprocate at a frequency of about 30 cycles/min with an amplitude of about 2 cm, or as
specified in the individual monograph, for the specified time. 
At each sampling time interval, remove the solution containers from the bath, cool to room
temperature, and add sufficient solvent (i.e., water in most cases) to correct for evaporative
losses. 
Perform the analysis on each sample as directed in the individual monograph. Repeat the test
with additional transdermal systems, as needed.

Time: The test time points, at least three, are expressed in hours. Specimens are to be
withdrawn within a tolerance of ±15 min or ±2% of the stated time, selecting the tolerance
that results in the narrowest time interval.

Interpretation: Unless otherwise specified in the individual monograph, the requirements are
met if the quantities of active ingredient released from the TDS conform to Acceptance Table 1

above, or the appropriate acceptance table in Dissolution 711  for other dosage forms.
Continue testing through the three levels unless the results conform at either L1 or L2.

1  Disk assembly (stainless support disk) may be obtained from Millipore Corp., Ashley Rd., Bedford, MA

2S (USP37)
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01730.

2  A suitable device is the watchglass-patch-polytef mesh sandwich assembly available as the Transdermal
SandwichTM from Hanson Research Corp., 9810 Variel Ave., Chatsworth, CA 91311.

3  Use Dow Corning, MD7-4502 Silicone Adhesive 65% in ethyl acetate, or the equivalent.

4  Use Cuprophan, Type 150 pm, 11 ± 0.5-µm thick, an inert, porous cellulosic material, which is available
from Medicell International Ltd., 239 Liverpool Road, London NI ILX, England.

5  The cylinder stirring element is available from Accurate Tool, Inc., 25 Diaz St., Stamford, CT 06907, or from
VanKel Technology Group, 13000 Weston Parkway, Cary, NC  27513.

6  The materials should not sorb, react with, or interfere with the specimen being tested.

7  The reciprocating disk sample holder may be purchased from ALZA Corp., 1900 Charleston Road, P.O. Box
7210, Mt. View, CA 94039–7210 or VanKel Technology Group.

BRIEFING

1115  Bioburden Control of Nonsterile Drug Substances and Products. In terms of
microbiological contamination risk control, there are two broad categories of drug products: a)
sterile products and b) nonsterile products.

Microbial content in nonsterile products is controlled to a level consistent with patient
safety. Use of excessive controls that would add complexity or cost without a commensurate
safety benefit is not advantageous in terms of added value to either the patient or the
manufacturer. Therefore, a pragmatic scientific approach to management of the microbial
bioburden in nonsterile products requires consideration of patient risk and contamination control
objectives to achieve a practical and appropriate level of risk management.

This chapter outlines a risk-based approach to the control of potential contamination in
nonsterile product manufacturing. It provides information about microbial control considerations
in product development, microbial control considerations in routine manufacturing, microbial
control of drug substance manufacturing, equipment design and use considerations, personnel,
the manufacturing environment, microbial assessment of nonsterile product manufacturing
environments, active measures for microbial control, and overall management of a
microbiological control program.
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Add the following:

1115  BIOBURDEN CONTROL OF NONSTERILE DRUG SUBSTANCES AND PRODUCTS

INTRODUCTION

In terms of microbiological contamination risk control, there are two broad categories of drug
products: a) sterile products, in which the bioburden is essentially eliminated using validated
methodologies, and b) nonsterile products for which the final product bioburden is controlled to
appropriate levels based on product attributes, route of administration, and target patient
population. 
Microbial content in nonsterile products is controlled to a level consistent with patient safety.
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Use of excessive controls that would add complexity or cost without a commensurate safety
benefit is not advantageous in terms of added value to either the patient or the manufacturer.
Therefore, a pragmatic scientific approach to management of the microbial bioburden in
nonsterile products requires consideration of patient risk and contamination control objectives
to achieve a practical and appropriate level of risk management. 
A critical consideration in ensuring product quality is to prevent conditions within the
manufacturing facility or manufacturing process that favor the proliferation of microorganisms.
Microbial growth in excipients, components, and drug substances is a concern because it
creates the possibility that viable microbial content could reach unacceptable levels. Bioburden
levels lower than those recommended in Microbiological Examination of Nonsterile Products:

Acceptance Criteria for Pharmaceutical Preparations and Substances for Pharmaceutical Use 

1111  are unlikely to pose a risk of microbial toxins. Manufacturers should have a clear
understanding of situations that favor microbial presence and growth within their facilities and
materials and should implement practical countermeasures. 
This chapter outlines a risk-based approach to the control of contamination in nonsterile
product manufacturing. The manufacture of nonsterile products and the management of their
microbiological content are distinctly different from those required for sterile products. Sterile
products are administered parenterally by means of injection or are applied topically to sensitive
tissues where the risk of infection is comparatively high. The products themselves are sterile or
harbor a low population of microorganisms. 
In contrast, nonsterile products are administered to regions of the human body that are rich in
microbial flora and have physical or immunological barriers to infection. Examples include the
oral cavity, skin, nasopharynx, vagina, and rectum, which harbor a high and diverse viable
microbial population. Recent findings from the human microbiome project (1) underscore the
enormous size and diversity of bacterial populations associated with humans. A healthy adult
has a bacterial population that averages approximately 1014 bacteria, a number that exceeds
the individual’s own cells by a factor of 10. All humans carry on or in their bodies
microorganisms that under certain conditions may produce infections in other humans. Because
of the ubiquity of opportunistic pathogens within healthy individuals, it is inevitable that
pathogens will be found in manufacturing areas where people work. 
The following list provides a hierarchy of broad categories of nonsterile pharmaceutical products
with respect to potential risk of microbiological contamination (from high to low) (2):

metered-dose and dry powder inhalants
nasal sprays
otics
vaginal suppositories
topicals
rectal suppositories
oral liquids (aqueous)
liquid-filled capsules
oral tablets and powder-filled capsules

When formulators evaluate the susceptibility of nonsterile pharmaceutical products to microbial
hazards, considerations include whether the active ingredient has inherent antimicrobial
activity, the microbiological content of excipients, inclusion of antimicrobial preservatives in the
formulation, and water activity. In addition, manufacturers should consider whether processing
steps and hold periods could result in changes in the bioburden and whether the product is a
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multiple- or single-dose product. 
Nonsterile products are expected to have some bioburden, which should be controlled within a

suitable range (see 1111 ). The risk of infection resulting from a nonsterile drug product
generally is low, regardless of the route of administration, provided appropriate precautions and
procedures are followed. General chapters Microbiological Examination of Nonsterile Products:

Microbial Enumeration Tests 61  and Microbiological Examination of Nonsterile Products:

Tests for Specified Microorganisms 62  provide methods, and 1111  provides information
for the evaluation of microorganisms isolated during nonsterile drug product manufacturing. It is
not possible to provide a comprehensive product-by-product list of objectionable
microorganisms. The degree to which any organism may be objectionable depends on the
product attributes, route of administration, and patient population. Manufacturers are
responsible for determining whether microorganisms recovered from drug products are
objectionable. In general, objectionable microorganisms are those that are known to be frankly
pathogenic and, given the product’s route of administration, are present in sufficient numbers
that could result in an unacceptable level of patient risk. Microbiological risk should be assessed
on a case-by-case basis during the development of a new product and should be evaluated
during the validation of the manufacturing process. 
The proliferation of microbial contamination in a production facility, in products, or in product
ingredients is an objectionable condition. Microbial proliferation within a facility creates
conditions that favor the spread of contaminants, potentially in dangerous numbers, into
ingredients, primary packaging materials, and even into product itself. Proliferation of
microorganisms in ingredients or production intermediates must be prevented because not only
is this a microbial toxin risk, but also in some cases it could result in damage to the chemical
and pharmacological properties of the drug.

US REGULATORY GUIDANCE DOCUMENTS

The US Code of Federal Regulations includes the Food and Drug Administration’s Good
Manufacturing Practice (GMP) requirements, which are found in Part 211 (3). These regulations
contain general requirements for the manufacture of pharmaceutical products. Pertinent
sections require that buildings used for pharmaceutical manufacturing and associated activities
should be of suitable size, construction, and location (211.42 Design and construction) and
that adequate equipment to control microorganisms, dust, humidity, temperature, and
differential air pressures should be provided when appropriate for drug product manufacturing
(211.46 Ventilation, air filtration, air heating and cooling). GMP regulations also require written
procedures for use of suitable rodenticides, insecticides, fungicides, fumigating agents, and
cleaning and sanitizing agents, and written procedures should be designed to prevent the
contamination of equipment, components, drug product containers, closures, packaging, and
labeling materials (211.56 Sanitation), and appropriate written procedures to prevent
objectionable microorganisms in drug products not required to be sterile should be established
and followed (211.113 Control of microbiological contamination).

MICROBIAL CONTROL CONSIDERATIONS DURING PRODUCT DEVELOPMENT

A formal risk assessment program that identifies risk modalities and assigns critical control
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points for manufacture of nonsterile product is useful. Hazard Analysis and Critical Control Point
programs (4) are widely used to assess and mitigate microbial risk in food manufacturing and
may also be useful for manufacturers of nonsterile drug products. Points to be considered by
pharmaceutical microbiologists when they assess the potential risk associated with nonsterile
drug product manufacture are listed below:

synthesis, isolation, and final purification of the drug substance
microbiological attributes of the drug substance
microbiological attributes of excipients
formulation and chemical and physical attributes of the drug product
water content and water activity of the drug product
manufacturing process
delivery system
packaging
storage conditions for intermediates and the finished dosage form
route of administration
expected treatment procedure and dosage regimen
age and probable general health of intended recipients of the drug product

Thorough consideration of these factors is valuable in defining appropriate manufacturing
facility requirements and critical manufacturing process control points that reduce or eliminate
conditions that favor microbial contamination.

MICROBIAL CONTROL CONSIDERATIONS DURING MANUFACTURING

Although many factors (Figure 1) can result in the introduction of microorganisms, recent data
about product failures and recalls indicate that some of these are more likely to result in
product recalls because of higher than acceptable microbial levels. These manufacturing risk
factors are, in descending order (5): (1) ingredient water, (2) pharmaceutical ingredients, (3)
process equipment, (4) manufacturing personnel, and (5) manufacturing environment.
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Figure 1. Factors that contribute to nonsterile product bioburden.

Water Systems and Use

Process water is the single most important risk element contributing to the contamination of
nonsterile products. The quality or type of water used for nonsterile product formulation and
final rinse of clean equipment should be chosen based on product risk. Purified waters used in
pharmaceutical manufacturing are deionized and thus do not contain chlorine to control
microbial growth. Substantial populations of Gram negative rod-shaped bacteria and many
molds are able to grow in such purified dechlorinated water. Therefore, purified water should
not be allowed to stand in pools or puddles for extended periods of time. Standing purified
water should be drained or physically removed quickly and efficiently from both production
vessels and equipment, as well as work surfaces and floors. Chlorinated potable water (city
water) may be appropriate for early-stage cleaning and in housekeeping and sanitization
activities, but such uses should be determined on a case-by-case basis and with a full
understanding of risk. Additional guidance for water system design and operation can be found

in Water for Pharmaceutical Purposes 1231 . 
Process waters used for manufacturing of excipients, and, in some cases, active ingredients for
nonsterile products present a substantial risk for microbial colonization and proliferation,
particularly for ingredients of natural origin that have received minimal processing to reduce
bioburden or to control microbial proliferation. Formulating and manufacturing equipment can be
a source of contamination, and risks are higher when water and ingredients that are susceptible
to microbial survival or growth are used. Therefore, cleaning, drying, and, where appropriate,
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sanitization of manufacturing equipment can be beneficial, but disinfectant residues should be
limited in the operating environment and should be removed from product-contact surfaces.
The isolation of waterborne organisms, particularly Gram negative rods, is a likely indicator of
failure to remove standing water on equipment and environmental surfaces.

Active Pharmaceutical Ingredients, In-Process Materials, and Excipients

Ingredients and excipients used in nonsterile product manufacturing processes are important
sources of microbiological contamination. Vendor audits, specifications, testing, package
selection, shipping, storage conditions, and expiry dates are all critically important in the
reduction of microbial risk associated with these materials. When manufacturers cannot
conduct extensive vendor audits, they should select vendors who have submitted a Drug
Master File to a competent regulatory authority and have satisfactorily passed GMP inspections
conducted by regulators. Of particular concern are unprocessed materials of natural origin and
those that have a high level of water activity. 
Manufacturers should sample incoming materials and should ensure proper contamination-
control conditions for weighing and compounding. All sampling and weighing equipment should
be properly cleaned, sanitized, stored, and labeled with respect to microbiological status. The
activities and the associated controls implemented to prevent microbial colonization and
proliferation should be based on a documented, prospective risk-assessment and
contamination-control strategy. 
Pharmaceutical ingredients of consistently suitable microbiological quality are an important
element of the microbiological control program for nonsterile products. Procurement of
ingredients of appropriate microbial quality requires the identification of vendors with the
demonstrated capacity to produce drug substances or excipients of suitable quality. Supplier
audits should be conducted to establish that the supplier has a well-designed and validated
microbiological control program for its manufacturing and packaging facilities. Depending on the
microbial characteristics of an ingredient, manufacturers should consider periodic monitoring of
the supplier’s facility to assess microbiological contamination. Materials that have low water
activity, possess high or low pH, are not of natural origin, are inherently antimicrobial, or
contain an antimicrobial preservative have a low risk for microbial colonization or proliferation.
Risk assessments should consider ingredient characteristics regarding microbial survival, support
of microbial growth, or frank antagonism to microbial survival. 
The introduction of moisture into stored materials notably increases the risk of microbial
contamination. Condensation in storage tank headspace or impermeable storage containers can
result in contamination of materials with waterborne organisms even when the product under
storage is expected to preclude microbial colonization or proliferation. 

Microbiological examination of pharmaceutical ingredients (see chapters 61 , 62 , and 

1111 ) can provide important insights into the microbiological quality of drug substances and
excipients, but manufacturers may be required to demonstrate method suitability to meet
specific analytical requirements. Manufacturers also should consider the suitability of methods
for detecting relevant noncompendial organisms. 
Primary packaging and intermediate containers (e.g., drum liners, plastic bags, and so on) can
be a source of microbial contamination, and manufacturers should consider their initial quality,
storage conditions, preparation, and handling procedures.

MICROBIAL CONTROL OF DRUG SUBSTANCE MANUFACTURING
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The approaches to microbial control described in this chapter can be applied with minimal
change to drug substances manufactured either by biological processes or organic synthesis.
The processes in organic synthesis often use extremes of temperature, pressure, pH, and other
conditions that inhibit or actively destroy microorganisms. When the process for manufacturing
a drug substance is lengthy, the final steps have the greatest potential effect on the
bioburden. As is the case for drug product manufacturing, the water used in the process
presents the greatest challenge to microbial control. The types of water used in these
processes vary. Potable water typically is used in early-stage processing and cleaning, and
Purified Water and Water for Injection often are used for downstream processing and cleaning.
These processes frequently are performed almost entirely within closed vessels, which
minimizes environmental considerations. Some process equipment is suitable for clean-in-place
operations that use agents that are not only effective cleansers but also in some cases inhibit
microorganisms. The materials used in drug substance manufacturing include natural
substances, organic compounds of various types, inorganic salts, acids, bases, and organic
solvents, and the potential for microbial contamination from these materials clearly is variable.
Personnel interventions in these processes is limited by the nature of the equipment and
consideration for worker safety, and in biologics processing and certain late stages of organic
synthesis the manufacturing environments may be classified (e.g., ISO 7 and ISO 8). Limiting
the involvement of personnel and use of controlled environments both reduce opportunities for
microbiological contamination.

Equipment Design and Use

When possible, specifications for the selection of equipment that will be used in the
manufacture of nonsterile products should include sanitary design. Equipment and utensils
should be cleanable so contaminants and residual products can be reliably removed. Equipment
should use sanitary fittings and should be designed for easy use of cleaning and sanitizing
agents and complete rinse water drainage. Residual water in tanks, piping, or on equipment
surfaces introduces the risk of colonization by waterborne organisms. Manufacturing equipment
that cannot be cleaned in place should be readily accessible for manual cleaning, and parts
that must be cleaned out of place should be not only easily accessible but also readily or easily
removable. A further consideration is the compatibility of equipment with the typical range of
disinfectants, including sporicides, used in cleaning procedures to sanitize equipment. 
The preferred material of construction for equipment and utensils that will be in contact with
product is austenitic stainless steel. Manufacturers should consider the surface finish on
product-contact materials, for which a roughness average (RA) of 15–20 µm is a reasonable
rule of thumb. Surfaces for general equipment and machine surfaces need not be polished
beyond these RA values. Other materials of construction should be nonporous, smooth, and
compatible with the products and cleaning materials. Process piping systems also should follow
sanitary design principles and should be sloped to facilitate drainage, and the equipment should
contain flush gaskets to prevent material build-up and to facilitate cleaning. The 3A Sanitary
Standards (see www.3-A.org) provide generally useful guidance for process layout and design
and machinery selection. Equipment cleaning procedures should be detailed and should ensure
that the equipment is completely dry after cleaning and is stored in a manner that prevents
microbial proliferation. Manufacturers should implement procedures for the protection of cleaned
equipment and utensils before their next use. Cleaning and sanitization processes should include
the evaluation of microbial content both after sanitization and before use. Properly designed
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storage protection should mitigate the possibility of microbial growth before use, so after proper
storage conditions are validated ongoing monitoring of equipment and utensils should not be
required. Surface microbial sampling either immediately after cleaning or immediately before use
must be done with caution; media residues and residual moisture must be carefully eliminated if
sampling is performed. 
Manufacturers should evaluate whether products that are manufactured using a piece of
processing equipment may, under some processing circumstances, promote the growth of
microorganisms. This evaluation is necessary to properly establish processing hold times and to
define equipment use conditions following cleaning. The use of sanitizing agents on product-
contact surfaces is not recommended when the cleaning procedures that remove chemical
residues also remove microorganisms. In addition, there is a risk of product contamination with
sanitization agents. With a validated cleaning process, the absence of chemical residues and
visible standing water may provide assurance of the cleanliness of the equipment without
routine chemical disinfection and also may obviate the need for microbiological monitoring.

Personnel

In addition to maintaining personal hygiene, operators should be trained and dressed
appropriately for the function they are performing (Table 1).

Table 1. Gowning in Manufacturing Areas

Protective Clothing

Operators in Formulation
and Primary

Packaging Areas

Plant uniform or plant uniform with overall for high-risk
product and environment Yes
Hair/beard covering Yes
Safety glasses Yes
Dedicated shoes or shoe coverings Yes
Gloves Yes (if in direct product contact)
Face masks Yes (if in direct product contact)

The Manufacturing Environment

As noted, the environmental risks and controls for nonsterile products are different from those
for aseptically manufactured sterile products. Unlike aseptic processing for which facility
requirements are generally uniform in specification and performance, nonsterile product
manufacturing environments typically involve diverse products and microbial contamination
control requirements. In general, liquid, cream, or ointment products require a greater level of
contamination risk mitigation than do solid dosage forms. 
Common design elements to control microbial contamination may include the following:

Walls, ceilings, and floors are constructed of nonporous materials that are readily
cleanable and are resistant to cleaning agents and disinfectants.
Floor drains are permitted in nonsterile product manufacturing areas provided that they
can be closed during processing or fitted with a suitable air break if they are open
during area and equipment cleaning.
Access should be limited to essential personnel.
Material, equipment, and personnel flows should avoid contamination.
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Ventilation and air filtration should be adequate to maintain the specified cleanliness,
space pressurization (if required), temperature, and relative humidity.
Good housekeeping and good general hygiene should be applied at all times.
Cleaning and use status of all tools and implements used in production and all process
equipment should be known at all times.
Product-contact or water-supply tubing, valves, and fittings should be cleaned and
sanitized according to a defined schedule, should be stored dry, and should be labeled
with respect to status.
Manufacturers should implement a formal housekeeping and sanitization program for
operating areas, corridors, equipment storage, material staging, and other common
areas.

Classified environments are not required for nonsterile product manufacturing, e.g., those
specified in ISO 14644-1 (6). ISPE Baseline Guide No. 2, Oral Solid Dosage Forms (7) provides
minimal acceptable design features for facilities for manufacturing nonsterile products.

MICROBIAL ASSESSMENT OF NONSTERILE PRODUCT MANUFACTURING ENVIRONMENTS

As described above, microbiological monitoring of the manufacturing environment can serve as
an adjunct to control and generally is a qualitative assessment tool in a properly implemented
formal risk-based microbiological control program. A monitoring program commensurate with the
product bioburden risk can help confirm the effectiveness of microbiological controls and may
facilitate early detection of potential problems. Microbial methods and practices for aseptic
facilities may be used, but the contamination recovery rates defined in Microbiological Control

and Monitoring of Aseptic Processing Environments 1116  are not intended for nonsterile
environments. Classified environments of the same class do not necessarily have similar
microbiological control capabilities. Because the majority of organisms recovered in
environmental monitoring are of human origin, the levels of transient contamination recovered
depend largely on the level of human activity and gowning requirements. Gowning requirements
are not as extensive in nonsterile product manufacturing as they are in aseptic processing, and
thus in nonsterile environments manufacturers can monitor bioburden with reduced frequency
and with expectations of higher bioburden recovery. Periodic assessments of production plant
hygiene can offer useful insights into the effectiveness of the facility’s cleaning and
environmental controls. 
During nonsterile product manufacturing, microbiological monitoring of the environment need not
be as rigorous as that required during aseptic processing. Similarly, during nonsterile product
manufacturing microbial risk mitigation is different from that for sterile products. In nonsterile
products, manufacturers can expect intrinsic microbial bioburden that, properly controlled, does
not result in risk to the end user. Manufacturers should establish acceptable levels of
microorganisms within each product (3) and should sufficiently identify microorganisms to gain
an appropriate understanding of bioburden patterns and seasonal variability.

Microbial Sampling

During nonsterile product manufacturing, the air sampling methods used for environmental
monitoring are active or passive. Active devices sample appropriate air volumes and deposit
viable organisms on solid media plates or strips. Results typically are expressed as colony-
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forming units per unit volume. Passive sampling in the form of settling plates can be used in lieu
of active air samplers. 
Personnel monitoring typically is not required in nonsterile product manufacturing except when
classified environments require a near-aseptic manufacturing quality of gowning materials. 
Sampling locations should be selected based on risk evaluation followed by a general hygienic
survey of the environment. High-traffic areas where materials are transferred into and out of
the area may be particularly prone to transient microbial contamination. Microbiological
monitoring is not required in areas beyond the point where product has been placed into
primary packaging containers. 
Modern non–growth-based microbiological methods can be substituted for growth-based
methods at the option of the user. Because there are no standardized environmental sampling
methods and because monitoring is intended as a qualitative evaluation of general facility
hygiene, there is no need for extensive comparative studies between growth- and non–growth-
based methods to assess equivalence. A small number of parallel samples is sufficient to
establish a comparative baseline for an environment. 
The frequency of monitoring should reflect the potential risk associated with the dosage form
(see Introduction). Additionally, some products may have innate antimicrobial activity because
of their attributes such a low water activity or inclusion of an antimicrobial preservative or an
active ingredient that is itself an antimicrobial agent, e.g., an antibiotic or antitumor agent.
Products that are resistant to microbial colonization or have microbiocidal or microbiostatic
characteristics require little or no microbiological monitoring. 
In general, environments for tablet and powder- and liquid-filled capsule manufacturing should
require no monitoring or infrequent monitoring. Monitoring programs should be risk based, and
the intensity and number of sampling sites should reflect the risk level. Manufacturing areas for
higher-risk dosage forms such as inhalant products require more frequent monitoring and
typically are manufactured in rooms classified to a particulate air quality level, e.g., ISO 8. 
For most nonsterile product manufacturing environments, because of their limited environmental
controls and comparatively low product risk, the establishment of alert and action levels may
not be required. Environmental monitoring is considered an informational survey of the general
hygienic conditions of the environment and should not be used in product-release decisions. 

General information chapter Microbial Characterization, Identification, and Strain Typing 1113

 contains general information about microbial characterization. In most nonsterile hygienic
assessments, characterization of the microorganisms, cellular morphology, gram reaction, and
simple diagnostic testing are sufficient.

Active Measures for Microbial Control

In addition to facility and process design considerations and equipment cleaning and storage
controls, there are instances in which active means for addressing the contamination potential
are required. The microbiological control of nonsterile products can be enhanced by the
adoption of direct contamination control processes such as the following:

decontamination of product contact surfaces, materials, and containers, typically by
means of heat treatment (in the most critical applications sterilization can be used)
chemical or physical (e.g., dry or moist heat) bioburden reduction treatments for raw
materials and active ingredients
use of closed, cleaned or decontaminated systems for handling and transfer of materials
use of disposable components or utensils
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improved gowning materials for operational personnel
use of classified environments in high-risk operations

These measures can be applied as required to improve the microbial contamination control

during the manufacture of nonsterile products. These procedures support compliance with 

1111 . The implementation of these active control mechanisms is unnecessary when current
practices are known to be sufficient.

OVERALL MANAGEMENT OF A MICROBIOLOGICAL CONTROL PROGRAM

The management of a successful microbiological control program includes the following:
identification of suitable suppliers of pharmaceutical ingredients and excipients that have good
microbiological quality; conducting a microbial risk assessment of the manufacturing process
and packaging system; and the establishment of an appropriate monitoring and control system. 
Although environmental contamination is by no means the most significant cause of nonsterile
product recalls or contamination events, environmental monitoring may be a useful component
in the overall microbiological control program. 
The microbiological contamination control program should be developed for identifying and
controlling product risk, based on a formal assessment of risk modalities. The risk analysis
should result in the identification of critical control points and should facilitate proper equipment
selection, process layout and design, and facility requirements. 
Critical factors for the prevention of microbiological contamination during nonsterile product
manufacturing are the control of the microbiological quality of ingredients and water, along with
the development of proper cleaning and sanitization procedures. Microbiological monitoring does
not mitigate risk, but it can serve as a sentinel. 
No monitoring program can provide the assurance of contamination control like a proper
proactive analysis of potential sources of contamination followed by the adoption of sound
preventive measures. Consistent control of contamination can be achieved mainly by process
evaluation via risk assessment and studies to ensure that measures are in place to prevent
conditions conducive to contamination.
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BRIEFING

1181  Scanning Electron Microscopy, USP 36 page 920. As part of USP's initiative to
modernize and improve monographs and general chapters, the USP expert panel on SEM
proposes to delete the contents in the existing chapter and replace the contents with entirely

new text to include modern instruments and practices. The proposed chapter 1181  mainly
covers theory, instrumentation, and practices. This chapter also provides guidance on sample
preparation.

(GCPA: K. Zaidi.)
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1181  SCANNING ELECTRON MICROSCOPY

Change to read:

Scanning electron microscopy (SEM) is an electron optical imaging technique that yields both
topographic images and elemental information when used in conjunction with energy-dispersive
X-ray analysis (EDX) or wavelength-dispersive X-ray spectrometry (WDS). SEM is useful for
characterizing the size and morphology of microscopic specimens. Together, image and X-ray
analyses are important for the identification of small particles. Elemental analyses using
SEM/EDX or SEM/WDS are useful for qualitative and semiquantitative determination of elemental
content. Accurate quantitation is possible only for bulk samples with smooth surfaces and thus
is not practical for particle specimens.

Typically, SEM analysis requires a small amount (10 10 to 10 12 g) of a solid specimen that is
coated with a conductive substance to inhibit sample charging. The sample is placed in an
evacuated chamber and scanned in a controlled raster pattern by an electron beam.
Interaction of the electron beam with the specimen produces a variety of physical phenomena
that, when detected, are used to form images and provide elemental information about the
specimen. These phenomena include (1) emission of secondary electrons (SES), (2) reflection
of backscattered electrons (BSES), (3) characteristic X-ray emission, (4) emission of Auger
electrons, (5) cathodoluminescence (CL), (6) conduction of current, (7) charging from induced
voltages (IVS) or adsorbed electrons (AES), (8) electron transmission, (9) heat generation, and
(10) electromotive forces (see Figure 1).

2S (USP37)
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Figure 1. Interaction Diagram.
Of these, SES and BSES are the most important for constructing SEM images, and X-ray
emission analyses are the most common methods for detecting the presence of particular
elements. Use of ancillary instrumentation to detect the variety of phenomena other than (1),
(2), or (3) above greatly increases the cost and complexity of the SEM system and will not be
addressed here.

ELECTRON BEAM–SAMPLE INTERACTION

Imaging—Images are formed in a SEM system by detection and manipulation of electrons. SE
are emitted from a specimen surface as the result of inelastic collisions between primary
(incident) electrons (PE) and electrons within a specimen. When the energy imparted to a
specimen electron exceeds the work function of a sample, that electron is emitted as an SE.
Most SES have energies of 5 to 20 eV; electrons in this low-energy range can be efficiently
collected, yielding high signal-to-noise images. Because such low-energy electrons can
penetrate only short distances through the specimen, SES originate from within 2 to 30 nm of
the surface and generate highly resolved images. The actual PES penetration depth is
dependent on PES accelerating voltage, specimen elemental composition, specimen density,
and specimen mounting angle. Excitation volumes of 0.5 to 5 µm in diameter are common. 
Backscattered electrons are PES that have been reflected from the sample. The PES can
undergo multiple collisions prior to exiting from the specimen; therefore, BSES have energies

over a broad range and emerge from relatively deep penetration ( 0.1 to 5 µm) (see Figure 2).

Figure 2. Bulk Penetration.
These high-energy (15 to 25 keV) BSES are collected less efficiently than SES, and they yield
images with poorer resolution. The efficiency of BSES reflection is a function of the atomic
number (Z) of the specimen atoms; thus, the contrast of BSES images depends on elemental
composition. The penetration depth of all electrons is affected by elemental composition,
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specimen density, specimen tilt, and incident beam energy (accelerating voltage). For example,
the SE images of sodium phosphate and zinc phosphate crystals are quite similar. However, the
heavier nuclei of the zinc species produce more efficient BSE reflection and BSES images with
higher contrast. BSE images of heavy- versus light-element phases, or mixtures of species,
show dramatic contrast differences that are representative of elemental heterogeneity. 

Although single-angstrom resolution is possible, practical SEM image resolution is limited to 

100  ( 0.1 µm for X-ray images). These limits depend not only on instrument performance
but also on operator acuity. Resolution is optimized under the following conditions: minimum
working distance, high accelerating voltage, excellent grounding, excellent mechanical
alignment, excellent electronic alignment, minimum incident spot diameter, minimum final
aperture diameter, and cleanest column conditions. Sample preparations can be viewed in a
variety of orientations and detector modes. Often the examination of a specimen at an oblique
angle reveals features unobserved by an electron beam normal to the surface. This is especially
true of specimens that have flat, featureless surfaces or that are poor conductors, e.g., glass
surfaces. The PE accelerating voltage can be varied to change the PE penetration depth. This
procedure is useful for characterizing specimens that are laminated or otherwise heterogeneous
between surface and bulk content. 
Coating a sample allows observation of a specimen's topography, undisturbed by flare and
distortion caused by thermal effects and insufficient grounding. Coatings such as gold, gold–
palladium, and carbon are often used because they are highly conductive, easy to apply, and
relatively inert. Either evaporation or sputter-coating systems can be used to apply metal films;
carbon films must be evaporated. Metal coatings give superior resolution, although their
fluorescence can interfere with elemental analysis. Specimen charging affects not only image
quality but also X-ray fluorescence yield.

X-ray Emission Analysis—When a PE encounters an orbital electron in an atom, the resultant
collision can either promote that orbital electron to a higher energy level or ionize the atom.
Stabilization of an atom by relaxation of a higher energy electron to fill a vacancy results in the
emission of an X-ray photon. These X-ray energies are discrete and element-specific; they
equal the differences between the shell electron energies for the various shells of a given
element. For instance, an ejected K-shell electron can be stabilized by a higher energy L-shell

electron, yielding a net energy (EL  EK), which is specific for the X-ray photon energy of the
elemental K line. X-ray emission lines are classified according to the electron shell in which the
vacancy existed, e.g., K, L , M. The lines are further categorized according to the shell from
which the relaxing electron originates. Thus, a K  X-ray line arises from a vacancy in a K-shell

that is filled from an L-shell; a K  X-ray line arises from a K-shell vacancy filled from an M-
shell, and so on (see Figure 3).
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Figure 3. Atom Model.
Since each shell above K possesses a number of energy levels, electron transitions yield a

number of lines, such as K 1, K 2, K 1, and K 2. The existence of several X-ray emission

lines for each element (a few for Z  11 and many for Z  11) is useful in overcoming
detection problems due to (1) interelement spectral interferences, e.g., titanium K  and barium
L , (2) sample matrix effects on energy or intensity, and (3) insufficient PE energy to excite
some elemental lines, e.g., lead, K lines. 

The energies normally encountered in a SEM/EDX (or WDS) analysis range from 0.28 keV ( 447

nm) for carbon K  to the upper end of the instrument accelerating voltage, typically 40 keV (

1 nm). The natural line width, which is inversely proportional to the lifetime of the upper
electronic state, is governed primarily by the transition probabilities for X-ray emission and
Auger electron emission. Interaction of X-ray photons with electrons within the specimen can
result in Compton scattering to produce a broadened line shifted to lower energy. X-ray
photons are also emitted as a result of inelastic acceleration of electrons by atomic nuclei
within a specimen. These X-ray photons, termed bremsstrahlung or white radiation, have a
broad, continuous energy distribution; and their characteristic lines are superimposed on this
background signal. 

For lighter elements, Z  11, the low-energy X-ray photons originating from K-shell transitions
can be detected only with wavelength-dispersive spectrometers or specially configured energy-
dispersive detectors. All other elements emit easily detectable X-ray photons. Heavier

elements, Z  16, emit two or more detectable lines corresponding to K- and L-shell
transitions; and Z > 57 emit three or more detectable lines corresponding to K-, L-, and M-shell

transitions. For a given element, X-ray intensities generally vary as follows: K  > K  > L  > L

, etc. (see Figure 4).

Figure 4. X-ray Spectrum.

The elemental content of a sample has a bearing on the selection of conditions for analysis.

The most useful range of accelerating voltage is 3 to 20 kV; most elements of interest can be
ionized by electrons with energies in this range. The energy required in order to excite X-ray
emission from a given line is termed its critical excitation potential. The critical excitation
potential for a K line can be approximated by the sum of the primary line energies (K  + L  +
M ). Selection of an accelerating voltage equal to 1.5 times this sum is usually sufficient for
semiquantitative analyses. For example, copper has K  at 8.05 keV + L  at 0.93 keV = 8.98
keV: 1.5 × 8.98 keV = 13.47 keV. Selection of 15-kV accelerating voltage yields sufficient
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energy to ionize the K-shell of copper atoms and generate a useful analytical signal. 
Interelement interferences originate from many effects. High-energy X-rays emitted from heavy
atoms can ionize lighter elements to produce secondary X-ray emission from the lighter species.
Lower high-Z element fluorescence and higher low-Z element fluorescence can be observed, in
contrast to that expected from the PE-induced signal of a pure element. Conversely, X-ray
emission from a light element may be absorbed by a heavier matrix to yield a negative bias in
the light-element signal. These effects always exist in heterogeneous specimens and must be
corrected for during any quantitative analysis. A common algorithm, ZAF, may be used to
correct for Z-dependent interferences due to absorption and secondary X-ray emission.

APPARATUS

The SEM system consists of three electronic groups: (1) illumination, (2) optics, and (3)
scanning control-display (see Figure 5).

Figure 5. Optics Diagram.
The image is produced by mapping a specimen with an incident electron beam, rastered in a
two-dimensional array. The electron beam is generated by emission from one of three types of
sources, listed in order of increasing current density, vacuum requirements, and cost: (1) a
tungsten filament cathode, (2) a LaB6 cathode, or (3) a field emission gun. By far the most
common SEM source is the tungsten filament, although the high current density of the LaB6

source is especially useful where high resolution or detection of low-Z elements is required. 
The optics consist of condenser and objective lenses, in conjunction with selected apertures.
The size of the final aperture controls the beam diameter and, accordingly, the image resolution
and total current at a specimen. Selection of an objective aperture is an important choice.
Small apertures are required for high resolution and large apertures provide high current for
optimal X-ray emission intensity. In many systems, the objective aperture can be adjusted
during use with a sliding or rotating holder. Flexibility in trading resolution for specimen current
is also important because sample characteristics affect these two criteria differently. This
feature is beneficial to users requiring high magnification and elemental detection, especially of

Z  11 elements. 
Image magnification is controlled by altering the area of the electron beam raster; smaller areas
yield higher magnification, because the cathode-ray tube (CRT) area remains constant. An
Everhart-Thornley (ET) detector is used for electron detection; the resultant images are most
similar to those of reflected light microscopy. An ET detector consists of a Faraday cage and a
scintillator disk connected by a light pipe to a photomultiplier tube. The Faraday cage serves
three functions: (1) at positive bias it attracts SE; (2) at negative bias it repels SE to enable
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the ET detector to collect BSE signals alone; and (3) it shields the PE beam from the scintillator
potential. Various scintillator coatings are used. For example, phosphorus-based coatings yield
intense, high-contrast images. Aluminum-based coatings, although less sensitive, can
withstand the high SE flux generated during elemental analyses. Solid-state detectors provide
up to 10 times greater sensitivity for BSE collection. They can be placed at a variety of
positions and distances with respect to a specimen.

PROCEDURE

Preparation—Samples for analysis are easily prepared, especially with an optical aid or a
stereomicroscope.

Particles—Place isolated or selected particles onto the SEM sample substrate (e.g., a pyrolytic
carbon or metal pedestal). In all cases, the specimen should be attached to an exposed area of
the substrate with a suitable liquid cement1 (see Figure 6).

Figure 6. SEM Pedestal Mount.
Use silver or carbon paint to provide a conductive path between the cement surface and the
substrate. A single preparation can accommodate from one to several hundred particles, placed
in an identifiable pattern. 
Particles isolated from liquid samples by membrane filtration can be examined by placing a filter
membrane on a sample substrate, as described above (see Figure 6). This preparation is
especially useful for examining a random sample of particles from a liquid. Membrane or film
filters rather than depth filters are recommended, since small particles are easily lost in the
open pores of a depth filter. Portions of a random isolate can be used for the SEM examination,
and the remainder can be saved for other tests. Alternatively, particles can be dispersed in a
solvent and concentrated onto a substrate. If a membrane filter is precoated and used to
collect particles, a sample can be examined directly without further coating. This procedure
alleviates excessive handling of a specimen and lessens exposure of the specimen to coater
(sputter or evaporation) environments and to background conductive film signals.

Bulk Materials—Scatter a loose powder over double-sided sticky tape on a substrate; excess
material can be blown off with a clean air jet. Liquid adhesives can be used instead of tape.
However, rapid filming of an adhesive surface can occur and can hinder particle adhesion. Also,
particles may sink into an adhesive before it dries. Pack loose powder into small holes cut into
the surface of a metal pedestal. This technique is favored for semiquantitative analyses
because it produces a relatively flat surface, is for practical purposes infinitely thick to the
electron beam, provides effective grounding, and requires a minimal amount of sample. 
Cement or clamp large materials directly onto the mounting substrate. Nearly any sample that
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will fit into a vacuum chamber, withstand evacuated conditions, and be effectively grounded is
amenable to analysis. For all the above methods, specimen coating is required. In the absence

of coating, a preparation must be viewed at sufficiently low energies, usually 5 kV, to yield
suitable micrograph quality.

Analysis—The method of probing each particle and obtaining a composition is dependent on
the level of information required. Several factors must be considered if semiquantitative
analysis is desired. The presence of multiple elements, the type of elements contained in the
specimen, and the size and surface characteristics of each particle are a few of the
considerations. 

Any specimen 10 µm in diameter can be probed quickly and without subsequent data
reduction. Particles between 10 µm and 0.2 µm must be considered more carefully, since their
size approaches that of the excitation volume of the probe. Elemental characterization of a
particle should be conducted on a specimen sufficiently thick that the particle volume is equal
to or greater than the volume of X-ray production. Depth of signal excitation (dX) determines
the volume of X-ray production. Conditions such as accelerating voltage, source current, and
spot size that are appropriate for analyzing a given specimen volume can be determined
empirically, if particles are mounted on a metal substrate from which fluorescence can be
detected. Substrate fluorescence indicates that the excitation volume has exceeded the
volume of the particle. Quantitatively, dX depends on particle characteristics and SEM
conditions as follows:

dX = 0.033 × (Aave/dZave) × (EO
1.69  EC

1.69)

where dX is the depth of signal excitation, Zave is the average atomic number, Aave is the
average atomic mass, EO is the energy of incident electrons, EC is the critical excitation energy
of the measured X-ray line, and d is the density of the particle. 
Elemental content is estimated directly from elemental line intensities. Use the following
procedures. 
(1)  Mount the specimen(s) by any of the above procedures and ensure good electronic and
physical alignment of the SEM. 
(2)  Tilt or align the specimen toward the detector window at an angle that optimizes

collection of the X-rays, i.e., 45  for horizontal detectors. 
(3)  Select the symmetrical center of the particle and use the raster mode, rather than the
point mode, for the analysis. This eliminates topographical variations and generates an average

signal for the sample. Choose a magnification at which the raster is 50% of the particle area
to eliminate background signal from the substrate. 
(4) Adjust the accelerating voltage to produce adequate signal-to-noise for detection of the
element of choice. 
(5)  Integrate the signal as long as necessary to achieve statistically significant results. This
period can be determined through analysis of reference materials using the SEM conditions of
choice (40 seconds per particle is a good working rule). 
(6)  Ensure sufficient specimen current. A good working rule is 20% to 40% dead time, as
measured by the detector multichannel analyzer (MCA). 
(7)  Subtract a background spectrum that is representative of the coating, chamber, and
handling. 
(8)  Perform an analysis, using exactly the same conditions as above on a reference standard
that contains the element of choice. 
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(9) Perform an analysis, using exactly the same conditions as above on an internal reference
(such as the substrate or other metal), for use in normalizing the analytical conditions. 
The weight percent of a given element (E) in the specimen can be calculated as

Weight % = [((IE/Iref)Sample)/((IE/Iref)Standard)] × CEstd × 100%

where IE is the intensity of the element of interest, Iref is the intensity of the internal reference

element, and CEstd is the concentration of the element of interest in the standard specimen.
More accurate quantitative analysis must take into account the effects of matrix type, of
interelements, of counting times, and of takeoff angle. The ZAF algorithm used to correct for
these effects involves multiplying the measured weight percent by a series of correction
factors.

INTRODUCTION

Over the last few decades, electron microscopy has become a reliable investigative tool for the
study of solid and semi-solid materials. Since the invention of the electron microscope
attributed to Max Knoll in 1935 and commercialization in the 1960's by Cambridge Instrument
Co. and JEOL, recent improvements in resolution, stability, and specimen accommodation have
resulted in a robust array of commercial instrumentation that spans a wide range of capabilities.
This chapter provides a review of the common electron microscopy technologies and
techniques.

UTILITY OF THE TECHNIQUE

General Description of the Technique

Scanning electron microscopy (SEM) is an electron optical imaging technique that yields both
topographic images and elemental information and is used in conjunction with a variety of
detection systems and elemental detectors. All electron microscopy systems utilize a high
energy, focused electron beam as source illumination with concurrent increase in resolution
compared to photon (light) microscopy. The resolution increase is realized by electron beam
wavelength being three orders of magnitude smaller than that of visible light. The optics consist
of condenser and objective lenses in conjunction with selected apertures. A focused e-beam is
rastered over the surface of a specimen, generating a variety of signals from which an image is
collected.

Traditional High Vacuum SEM

Traditional SEM systems operate at high vacuum, so specimens must be clean, dry, and able to
withstand imaging at high vacuum, up to 10–6 torr. Additionally, the specimens must be
inherently conductive or coated to conduct the high surface charges. Four general principles of
these systems are:

e-beam generation
image formation
specimen preparation
elemental composition.
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Typically, SEM analysis requires only a small amount (10–3 to 10–12 g, depending on the
application) of a solid specimen. The specimen is presented to the collimated e-beam and
scanned in a controlled raster pattern. Images, or micrographs, are generated using secondary
electron (SE) and/or back-scattered electron (BSE) detection. Specimen detail may be resolved
to 10 nm even in the most simple systems. The collimation of the e-beam also yields great
depth of field that is evident in a wide dynamic range of magnification, practically spanning five

orders of magnitude (5×  100,000×). 
The size of the final aperture controls the beam diameter and, accordingly, the image resolution
and total current at a specimen. Small apertures are required for high resolution and large
apertures provide high current for optimal X-ray emission intensity. In many systems, the
objective aperture can be adjusted during use with a sliding or rotating holder. Flexibility in
trading resolution for specimen current is also important because specimen characteristics
affect these two criteria differently. 
Image magnification is controlled by altering the area of the electron beam raster; smaller areas
yield higher magnification. An Everhart-Thornley (ET) detector is used for electron detection;
the resultant images are most similar to those of reflected light microscopy. An ET detector
consists of a Faraday cage and a scintillator disk connected by a light pipe to a photomultiplier
tube. The Faraday cage serves three functions: (1) at positive bias it attracts SE; (2) at
negative bias it repels SE to enable the ET detector to collect BSE signals alone; and (3) it
shields the primary electron (PE) beam from the scintillator potential. Various scintillator
coatings are used. For example, phosphorus-based coatings yield intense, high-contrast
images. Aluminum-based coatings, although less sensitive, can withstand the high SE flux
generated during elemental analyses. Additionally, solid-state detectors provide up to 10 times
greater sensitivity for BSE collection. They can be placed at a variety of positions and
distances with respect to a specimen and used in conjunction with ET detectors.

Variable Pressure or Environmental Scanning Electron Microscopy (ESEM)

Robust and common variations of the traditional high vacuum system prevail in today's labs.
So-called variable pressure, “environmental” or low vacuum systems (LVSEM) appeared in the
mid 1980's. These are electron microscope systems operating at a much higher, near ambient
pressure state (up to 50 Torr) at the specimen site, plus gas over-blanketing (almost any may

be used) and temperature control to 1500 C as well. 
There are two key advantages for ESEM's: First, non-conducting samples do not require a
conductive carbon or metal thin film to be applied. The gas in the sample chamber is ionized by
the electrons generated from the beam/sample interaction. These ions will diffuse to the sample
surface, thereby dissipating any negative charge buildup. Secondly, if the sample in question is
prone to outgassing volatile substances such as solvents and water, the near-ambient
pressures used in the sample chamber can greatly diminish the likelihood of this from occurring.

Scanning Transmission Electron Microscopy

The combination of a traditional transmission electron microscope system with scanning control
yields specimen analysis with high micrograph resolution, information at the atomic scale such
as atomic structure, chemical information, and interfacial bonding. Image acquisition is
conducted in the same manner as SEM; however, use of thin specimens allows collection of

PF 39(4): Jul.-Aug. 2013 110



transmission images as well. Great increase in resolution is attained by controlling the e-beam
probe volume, to atomic dimensions. Figure 1 shows the lattice image of a ceramic that was
obtained using a scanning transmission electron microscopy (STEM) instrument. As with any
electron- or ion-beam method, the sample must be able to withstand the electron
bombardment. This may not always be the case with pharmaceutical materials, as they can
degrade in the e-beam during the analysis.

Figure 1. Scanning transmission electron micrograph of an oxide ceramic (perovskite), shown in
both dark field (left) and bright field (right) imaging modes. Image courtesy of “... © Carl

Hanser Verlag, Muenchen”.

ELECTRON BEAM GENERATION

The basis for the formation of an electron image is the generation of an energetic flux of
electrons that impinge upon the sample surface. If the beam is too energetic, the sample will
be burned as the beam is rastered across the sample's surface. This is an important
consideration when analyzing pharmaceutical materials. 
Electron guns can be classified into two types: thermionic emitters and field emitters. With the
former, the filament is heated under high vacuum, and a large potential is applied. The field
that is created, combined with the heated filament, “boils” off electrons that are subsequently
focused in the microscope optics. To increase the flux of electrons from thermionic emitters,
one must increase the potential that is applied across the filament, which also increases the
kinetic energy of the electrons and the likelihood that the sample surface will be burned. 
Another method used to produce electronic beams is to apply a large electric field across an
electronic emitter. The filament can have a current passing through it or not. Where surface
damage is a prime consideration, cold emitters are the best way to obtain a clear image at high
magnification without burning the surface or damaging the material. Typically tungsten is used
as the electron emitter, as it is strong enough to withstand the mechanical forces. When using
a field emission gun, the cathode must be kept at very high vacuum, and no foreign
contaminants must be allowed to deposit on the filament. For these reasons, the column must
be differentially pumped. Field emission instruments are better suited for the analysis of
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pharmaceutical compounds, as they produce a very bright beam that is less damaging to the
sample. Additionally, field emission electron SEMs have higher spatial resolution, making them
better suited for the identification of foreign particulate matter.

Electron Beam—Sample Interactions

Interaction of the electron beam with the specimen produces a variety of physical phenomena
that, when detected, are used to form images and provide elemental information about the
specimen. These phenomena include:

emission of inelastic scattered secondary electrons (SE), proportional to specimen
topography
reflection of elastically scattered back-scattered electrons (BSE), proportional to the
atomic number (Z) of the specimen
component X-ray emission (XRE)
emission of Auger electrons (AE)
cathodoluminescence (CL)
conduction of current (specimen current)
charging from induced voltages (IV) or adsorbed electrons
electron transmission
heat generation
electromotive forces (see Figure 2).
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Figure 2. Interaction diagram.

SE are emitted from a specimen surface as the result of inelastic collisions between primary
(incident) electrons and the specimen. When the energy imparted to a specimen electron
exceeds the work function of a specimen, that electron is emitted as SE. Most secondary
electrons have energies of 5–20 eV; electrons in this low-energy range can be efficiently
collected, yielding high signal-to-noise images. Because such low-energy electrons can
penetrate only short distances through the specimen, SE originate from within 2–30 nm of the
surface and generate highly resolved images. The actual e-beam penetration depth is
dependent on e-beam accelerating voltage, specimen elemental composition, specimen density,
and specimen mounting angle. Excitation volumes of 0.5–5 µm in diameter are typical for a wide
range of materials from metallic to biological. 
Back-scattered electrons are primaries that have been reflected from the specimen. The
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primary electrons can undergo multiple collisions prior to exiting from the specimen; therefore,
BSE have energies over a broad range and emerge from relatively deep specimen penetration (

0.1–5 µm) (see Figure 3).

Figure 3. Bulk penetration.

These high-energy (15–25 keV) BSE are collected less efficiently than SE, and they yield
images with poorer resolution. The efficiency of BSE reflection is a function of the atomic
number (Z) of the specimen atoms; thus, the contrast of BSE images depends on elemental
composition. The penetration depth of all electrons is affected by elemental composition,
specimen density, specimen tilt, and incident beam energy (accelerating voltage). There are a
number of software correction algorithms to correct for these influences, when known such as
ZAF, Bence-Albee, etc. For example, the SE images of sodium phosphate and zinc phosphate
crystals are quite similar. However, the heavier nuclei of the zinc species produce more
efficient BSE reflection, and BSE images will reveal higher contrast. BSE images of heavy-
versus light-element phases, or mixtures of species, show dramatic contrast differences that
are representative of elemental heterogeneity. Elemental mapping by energy dispersive X-ray
spectroscopy (EDS), discussed later, can provide complementary information.

SAMPLE PREPARATION

As scanning electron microscopy has advanced as an analytical technique, different options
have become available for sample preparation. Ideally, the objective is to obtain the required
image or chemical analysis of the material to be examined with as little intervention as possible.
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Additionally, one must consider the purpose of the analysis and the amount of material that is
available. If the material to be examined is a foreign particulate in a parenteral product, sample
preparation could be quite different than if one is intending to image a bulk drug substance
material or excipients. The decision tree (see Figure 4) below represents a simplified version of
the available sample preparation method and is one possible construct to determine the
appropriate sample preparation method. 
For example, in addition to metal (primarily aluminum) sample stubs (see Figure 1) there are
also various metal meshes that can be used to support samples. If the particle in question is
isolated from liquid, the filter itself may serve as a suitable substrate for the powder without
having to transfer the sample to another sample holder. Additionally, adhesive carbon tabs are
a common means to secure the sample to the stub. There are a variety of other adhesive
materials such as double-sided copper, silver and aluminum tape, or carbon and silver paint for
this purpose.

Sample Coating

Historically, pharmaceutical materials, which are typically poor electrical conductors, had to be
coated with a very thin layer of conductive material (carbon, gold, platinum, or other metals)
to ensure that the electron beam used for imaging could be dissipated from the sample surface.
Coating was also used to create a layer of “electron rich” material that would serve as a source
for secondary electron emission. 
With the advent of environmental scanning electron microscopy (ESEM) or variable pressure
scanning electron microscopes, coating of non-conductive materials is no longer a prerequisite.
The atmosphere in the sample chamber itself generates positively charged ions that will
dissipate any charge that accumulates on the sample surface.
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Figure 4. Decision tree for SEM sample preparation.
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X-RAY GENERATION AND ELEMENTAL COMPOSITIONAL ANALYSIS

When a PE encounters an orbital electron in an atom, the resultant collision can either promote
that orbital electron to a higher energy level or ionize the atom. Stabilization of an atom by
relaxation of a higher energy electron to fill a vacancy results in the emission of an X-ray
photon. These X-ray energies are discrete and element-specific; they equal the differences
between the shell electron energies for the various shells of a given element. For instance, an
ejected K-shell electron can be stabilized by a higher energy L-shell electron, yielding a net

energy (EL  EK), which is specific for the X-ray photon energy of the elemental K line. X-ray
emission lines are classified according to the electron shell in which the vacancy existed, e.g.,
K, L, M. The lines are further categorized according to the shell from which the relaxing
electron originates. Thus, a K  X-ray line will arise from a vacancy in a K-shell that is filled

from an L-shell; a K  X-ray line will arise from a K-shell vacancy filled from an M-shell, and so
on (see Figure 5).

Figure 5. Atom model.

Detection of the generated X-rays and subsequent elemental analysis of the feature of interest
can be accomplished by two different kinds of detectors: wavelength and energy dispersive X-
ray spectrometers (WDS and EDS, respectively). Each has its individual benefits and
challenges. Historically, wavelength dispersive detectors are much less susceptible to spectral
artifacts that can create incorrect peak identification such as peak broadening and distortion,
silicon escape peaks, absorption, etc. Additionally, most Si(Li) EDS detectors require liquid
nitrogen cooling, which can cause ice build-up on the detector window in the sample chamber.
The much larger EDS collection angle makes it more robust and less susceptible to detector
misalignment than WDS. Figure 6 illustrates the superior spectral resolution that is obtained
with WDS. With WDS, it is much easier to detect characteristic X-rays that are energetically
similar. The EDS exhibits peak broadening due to the close proximity of the peaks.
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Figure 6. Example of spectral resolution obtained with wavelength-dispersive detectors where S
K  and Mo L  can be clearly resolved by WDS (grey peaks) but are not resolved by EDS

(broad yellow peak) “Used by Permission. Courtesy of Oxford Instruments.”

Advantages of EDS reside in the ease of use and speed to collect the entire X-ray spectrum
making it ideal for the routine identification of particles and features within a sample. The two
types of detector technology most widely available for energy dispersive X-ray spectroscopy
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(EDS) analysis are based on lithium-drifted silicon [Si(Li)] and silicon drift technology. While
Si(Li) detectors have been around for the last 40 years, silicon drift detectors (SDD) have
recently emerged as the preferred type due to several key advantages including better

detection of light elements (Z  4), ability to handle high count rates, excellent energy
resolution even at high count rates, and even elimination of the need for liquid nitrogen to cool
the detector prior to use due to the use of Peltier cooling systems. While Si(Li) detectors were
generally recommended to be run at 1,000–2,500 counts per second with an energy resolution
of 129 eV at Mn-K , current SDD technology has superior energy resolution of 121 eV even at
the high count rate of 600,000 cps. For the average user, this means that the SDD detector
may drastically shorten analysis time provided that a high count rate may be obtained and with
significantly better resolution for detection of light elements. In practicality, the achievable
count rate is determined by the accelerating voltage and probe current, solid angle of the
detector and working distance to the sample, and ability of the sample to survive the electron
beam without charging or material change. Whether the user has an Si(Li) or SDD detector, it is
a good rule of thumb to keep the dead time to 30% or below. 
The elemental content of a specimen has a bearing on the selection of conditions for analysis.
The most useful range of accelerating voltage is approximately 3–20 kV; most elements of
interest can be ionized by electrons with energies in this range. The energy required in order to
excite X-ray emission from a given line is termed its critical excitation potential. The critical
excitation potential for a K line can be approximated by the sum of the primary line energies (K

 + L  + M ). Selection of an accelerating voltage equal to 1.5 times this sum is usually
sufficient for semi-quantitative analysis. For example, copper has K  at 8.05 keV + L  at 0.93
keV = 8.98 keV: and 1.5 × 8.98 keV = 13.47 keV. Selection of 15-kV accelerating voltage
yields sufficient energy to ionize the K-shell of copper atoms and generate a useful analytical
signal. It is generally suggested that EDS practitioners should use the minimum accelerating
voltage necessary to adequately excite the elements of interest (typically 1.5–10 times the
critical excitation energy). The interaction volume increases with increasing accelerating
voltage, thus better spatial resolution can be achieved by using lower accelerating voltage.
Depending on the dimensions and density of the particles, a signal from the substrate may be
detected. Additionally, larger interaction volume causes increased absorbance and fluorescence
within the sample volume. Several accelerating voltages may be experimented with to
determine the minimum accelerating voltage required. 
Inter-element interferences originate from many effects. High-energy X-rays emitted from
heavy atoms can ionize lighter elements to produce secondary X-ray emission from the lighter
species. Lower high-Z element fluorescence and higher low-Z element fluorescence can be
observed, in contrast to that expected from the PE-induced signal of a pure element.
Conversely, X-ray emission from a light element may be absorbed by a heavier matrix to yield a
negative bias in the light-element signal. These effects always exist in heterogeneous
specimens and must be corrected for during any quantitative analysis. A common algorithm,
ZAF, may be used to correct for Z-dependent interferences due to absorption and secondary
X-ray emission. 
Point analysis and mapping are common analysis modes available for the identification of
particles by EDS regardless of detector type. Most modern user interfaces allow the user to
view a region of interest with secondary electron imaging and collect a spectrum for the entire
region or a defined sub-region. Upon collecting an initial spectrum, it is important the user
check that it appears satisfactory in terms of energy range for the elements present, optimum
count rate, and is free from artifacts such as charging. Once optimized for collection, the user
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can choose their preferred analysis mode to identify their sample. Point analysis is generally
useful if different particle morphologies can be readily observed by SEM. The user can place a
cross-hair at the center of each particle to collect a spectrum for later comparison. Care
should be taken for the analysis of particles less than 5 µm since the interaction volume may
spread in the sample combined with the beam/sample interaction and can excite electrons from
the surrounding environment. This will produce spectral peaks that are not native to the
feature of interest. For this reason, chemical analysis of small objects in an SEM is difficult.
Other more surface-sensitive techniques such as X-ray photoelectron spectroscopy (XPS),
scanning auger spectroscopy, and others provide more accurate spectral information.
Orthogonal analysis, both within and outside any given technique, is of great value. 
When there is no obvious morphological difference for a collection of particles, EDS mapping
may be the best mode of analysis. In this mode, the EDS detector collects information as the
electron beam rasters across the sample, thus the elemental information is in registry with the
SE/BSE image. The user can define the region of interest from the entire region observable in
the SE/BSE image to a sub-region. Additionally, the user can define the scan speed, dwell
time/pixel, and resolution of the map to suit their needs in terms of speed or resolution. A
significant factor to consider for EDS mapping is that the X-ray signal will vary based on the
surface texture and slope of the particle's surface. In the most severe case, a shadow may be
observed if that surface is no longer within the line of sight of the detector. It may be possible
to minimize these artifacts due to tilting the sample further towards the detector. It is often
useful to map the elements of interest versus an element which does not exist in the sample.
The X-ray counts for the non-existent element should provide a uniform background across the
entire region if the surface is level. 
Examples of elemental maps overlaid on the SE image are shown in Figure 7. The first image
(Figure 7, left) shows maps for barium and potassium overlaid on the corresponding SE image,
thus showing that the particles represent an inhomogeneous mixture of barium/potassium
precipitates (left). For the second example, EDS mapping was used with Cryo-SEM to examine
a cryo-fractured silicone/water emulsion where the Si map represents silicone and the O map
represents water. The internal structure of a large silicone droplet within a continuous water
phase can be observed in Figure 7 (right) where it is apparent the silicone droplet contains
several internal water droplets. Many current EDS interfaces allow the user to extract a
spectrum from any location within the map.

Figure 7. Left: Potassium and barium maps overlaid on the SE image of a mixed
potassium/barium precipitate. Right: Oxygen and silicon maps overlaid on SE image of a vitrified

silicone/water emulsion.
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IMAGE OPTIMIZATION

Instrumental parameters needed to acquire a quality image can be highly dependent on sample
type and sample preparation. Some important aspects with regard to the sample include the
form (powders, monoliths, fibers, vitrified liquids, etc.), overall dimensions, texture, atomic
composition, and inherent conductivity. Since many instrumental parameters for a modern SEM
can be readily modified with the PC-based user interface with only slight re-optimization, it is
highly suggested that the operator experiment with operating conditions in order to choose the
best imaging conditions for the features of interest. Parameters that affect image quality can
be further categorized as instrumental settings and observation settings. 
Common instrumental settings that may affect image quality include accelerating voltage,
emission current, working distance, SE/BSE detectors (if multiple modes are used), condenser
lens current setting, and objective lens aperture diameter. Of these, the accelerating voltage
may be the most important instrumental parameter since it directly affects the penetration
depth of incident electrons thereby determining the features which can be observed. In
general, choosing the optimal accelerating voltage is a balance of achieving the best contrast
for the features which the user is most interested in, while minimizing unwanted effects such as
loss of topographic information or charging. The best approach to choosing an ideal
accelerating voltage for an unknown sample is to experiment with up to 3 accelerating voltages
(e.g., 1, 3, and 10 kV), then choose the best one to continue to further optimize the image.
The working distance and choice of SE/BSE detector are normally chosen in combination
depending on the desired resolution, depth of focus, and sample tilt. Generally, shorter working
distances result in higher resolution but less depth of focus. Likewise, based on the position the
SE detectors are placed in the column, a tradeoff exists for spatial resolution versus surface
topography, where upper detectors generally detect a high resolution SE signal and lower
detectors show more surface topography. Lastly, the condenser lens setting and objective lens
aperture diameter can be optimized to provide the ideal specimen current, resolution, and depth
of focus required for a specific sample type. 
Upon choosing an initial set of instrumental conditions as mentioned above, basic image
observation can be optimized in the following manner:

1. Select a low magnification (1000–3000×) initially
2. Course adjust image brightness
3. Course adjust focus
4. Select an easy-to-visualize area of the specimen
5. Check/adjust to optimum the electromagnetic alignment of the electron optics (beam,

aperture, stigmation)
6. Select a feature of interest at higher magnification
7. Adjust focus and astigmatism
8. Adjust image brightness and contrast
9. Collect image.

Image collection can be accomplished using different resolutions (1280 × 960 is most common)
and capture speeds using either slow scan collection or frame integration. In general, slow scan
collection is used to collect high-resolution images whereas frame integration is used for
specimen types which have charging or stability issues. A collection using a higher capture
resolution, slower scan speed, or additional frames may improve the image resolution, however

PF 39(4): Jul.-Aug. 2013 121



the user must take caution of the increased likelihood of specimen drift over this period which
would negate any benefit.

FORENSIC ANALYSIS OF PARTICLES

Shape analysis

Because of the three-dimensional nature of images obtained via scanning electron microscopy,
particle shape provides a great deal of information about the composition and source of the
particle without obtaining a chemical analysis via EDS. 
The most commonly identified particles found in pharmaceutical compounds generally fall into
several distinct categories. Note that particles in parenteral products arise from three general
sources: a) extrinsic or outside of the product, as truly foreign solids; b) intrinsic or associated
with the product, its package or manufacture; c) inherent particles expected to compose the
formulation, such as proteins in biotherapeutic products (see Subvisible Particulate Matter in

Therapeutic Protein Injections 787 ), and may be encountered when probing those formulae.
Some examples of extrinsic particles are the following:

Corrosion product-created interactions of compounds with materials of construction,
primary packaging, gasket materials, and leachables (often precipitation reactions of the
leachate with the drug product, usually limited to liquid products)
Materials from the manufacturing environment such as cellulose (from paper bags),
extraneous fibers (clothing, filters, etc.)
Inhomogeneities in the product, specifically incomplete mixing (for solid oral dosage
products) that can create cosmetic or elegance issues with tablets
Material that has been exposed to extreme heat that might char. The causes for this
can vary from paper not being completely pyrolized during depyrogenation to material
sticking to components that are exposed to friction (powder milling, compaction, etc.).
If residue unintentionally builds up in these areas, the exposure to friction can
decompose the material, making it appear burnt.

Figure 8 shows representative images of some of the particulate matter mentioned above that
the user might encounter in a forensic investigation:
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Figure 8. Scanning electron micrographs of commonly found particles in pharmaceutical
manufacturing areas: A. cotton fibers, B. glass particles, C. Teflon shavings, D. aluminum

PF 39(4): Jul.-Aug. 2013 123



shavings. (All of the images provided courtesy of McCrone Atlas (www.mccroneatlas.com.)

Interpretation of particles identified by SEM depends upon where the particles were found.
Because of higher concern over patient safety, particles found in parenteral products receive a
very high degree of scrutiny in root cause investigations. In this instance, any particle with
sharp corners and well-defined edges is made from a material that is not soluble in the liquid. If
it is transparent to the beam, then the user could conclude it is made from either plastic or
glass. If it is found in a solid oral dosage form, the particle may well be related to the
formulation. Crystalline particles can be transparent to the electron beam. 
Particle morphology is often overlooked as a tool to determine the source or chemical
composition of a particle. Aspect ratio, or the ratio of the length of a particle divided by its
width, easily identifies fibrous materials. For fiber analysis, optical microscopy often serves as a
more effective tool to analyze fibers because of options such as light polarization that can
distinguish among various possible sources. With a scanning electron microscope, however,
elemental analysis can determine if the fiber is inorganic or organic. Scanning electron
microscopy also offers the added benefit of being able to image at much higher magnification to
reveal morphological structures of biological origin or features indicative of commercial
manufacture. 
As mentioned previously, different kinds of electrons are emitted when an electron beam
interacts with a solid surface. The two most useful types of electrons are secondary and back
scattered. By choosing the appropriate detector or instrument set up, the image can be biased
towards one or the other. Back-scattered electrons can provide useful information regarding
the chemical composition of the feature in question. If the instrument is set up to use BSE to
form the image, elements possessing higher atomic mass will appear brighter than those having
a lower atomic mass). By selecting this imaging mode, organic particles are easily distinguished
from metallic debris, for example.
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1  Any “superglue,” copper diallylphthalate, double-sided sticky tape, or other types of mounting resins can be
used. The cement with the least residual organic phase will have the longest stability.

BRIEFING

1229.6  Liquid-Phase Sterilization. The USP General Chapters—Microbiology Expert
Committee is dividing the current general chapter Sterilization and Sterility Assurance of

Compendial Articles 1211  into twelve separate chapters [see Pharmacopeial Forum 38(2)].

Four of these twelve chapters ( 1229 , 1229.1 , 1229.2  and 1229.3  will be official in
the Second Supplement to USP 36 (August 2013). The remaining eight are in progress, with

2S (USP37)
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plans to have five of them ( 1229.4 , 1229.7 , 1229.8 , 1229.10 , and 1229.6 )
appear in the Pharmacopeial Forum in 2013.

Chapter 1229.6 , which provides an overview of liquid-phase sterilization and its validation
using either the half-cycle or bracketing methods, is proposed in this PF.

(GCM: R. Tirumalai.)
Correspondence Number—C130328

Comment deadline: September 30, 2013

Add the following:

1229.6  LIQUID-PHASE STERILIZATION

INTRODUCTION

Microorganisms are subject to destruction in a variety of ways. Aside from the classical
methods of steam, dry heat, and radiation, destructive sterilization may also occur by
immersion in a chemical solution. This is termed liquid-phase sterilization (1). A number of
chemical agents, such as, aldehydes, acids, bases, and strong oxidants in solution, under the
right conditions, are capable of destroying bacteria and fungi, including both vegetative cells
and spores in a quantitative fashion. Objects to be sterilized are immersed in the solution of the
chemical agent, after which the agent must be removed in a manner that preserves the
sterilized object from recontamination. Removing the chemical agent from the object is similar
to the removal of the sterilizing agent during a chamber process. The risk of recontamination is
present in either instance, and unless the method is properly executed the sterilized object can
be rendered unsuitable for use. Recontamination generally falls outside the scope of usual
consideration for sterilization processes. However, in chemical sterilization it is customary to
include the agent’s removal (whether this is accomplished by physical or chemical means) in the
overall process, together with any needed additional steps to avoid recontamination. 
A substantial number of liquids are capable of sterilizing articles during immersion. Examples
include the following:

aldehydes—glutaraldehyde, formaldehyde
acids—peracetic acid, nitric acid, sulfuric acid
bases—sodium hydroxide, potassium hydroxide
oxygenating compounds—hydrogen peroxide, ozone, chlorine dioxide
halides—sodium hypochlorite, chlorine

As is the case for gas sterilization, the effectiveness of chemical sterilants varies with
concentration and temperature (adequate humidity is assured by use in aqueous solution).
Other factors that affect sporicidal activity include pH, extent of mixing (if present), and
presence of cellular or other debris. Because of the limited number of variables, process control
for sterilization by liquids is relatively simple. 
Because there are no widely accepted biological indicators for sterilization by liquids, the use of
a common mesophilic sporeformer such as Bacillus atrophaeus or B. subtilis is commonplace
because these are the likely worst-case bioburden isolates. 
The agents used for sterilization by liquids vary with respect to sterilant stability, effective pH
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range, concentration, temperature, and potential interaction with the materials. When selecting
the most appropriate sterilant, manufacturers must consider its effect on the materials and
equipment, as is the case with all other sterilizing processes. The variety of agents, process
diversity, and potential applications preclude a material-by-material review of these agents in
this chapter. Manufacturers should note that these agents are highly toxic, and appropriate
safety measures should be practiced at all times during cycle development, validation, and
routine operation.

VALIDATION OF STERILIZATION BY LIQUIDS

Experimental evidence has shown that first-order kinetics is appropriate for microbial
destruction, which makes validation a simple exercise. The validation of sterilization by liquids
can be accomplished using either the half-cycle or the bracketing method.

Half-Cycle Approach

The half-cycle approach described below is a modification of the method described in Gaseous

Sterilization 1229.7  (see Figure 1). It is a method that requires the destruction of a
resistant microorganism at defined lethal conditions. In routine operation, the process dwell
period is arbitrarily doubled and supports a theoretical reduction of the biological indicator (and
thus the bioburden) to a probability of a nonsterile unit of 10–6.
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Figure 1. Half-cycle sterilization validation.

The half-cycle method originally was used for ethylene oxide sterilization when the relationship
between the microorganisms and the delivered process parameters was less certain. The half-
cycle method is most appropriate for sterilization by liquids where the sterilant stability is a
concern. Because some (but not all) sterilants have relatively short shelf-lives in solution and
there is virtually no predefined resistance (D-value) for any liquid sterilants used with common
indicator organisms, the half-cycle approach entails a second microbial challenge at the half-
cycle interval (see Figure 2) to confirm that an adequate concentration of the agent is
available throughout the process duration. The addition of a second microbial challenge halfway
through the process supports the continued effectiveness of the agent over the full process
duration. This approach, along with sampling at intervals after each spike, easily supports the
full process duration. When analytical means to measure the concentration of the chemical
sterilant in solution are available, the half-cycle approach should not be used because the
bracketing approach provides more comprehensive evidence of process lethality.
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Figure 2. Adapted challenge for a half-cycle method.

Bracketing Approach

In this method (see Figure 3), analysts evaluate conditions of concentration and temperature
that bracket the defined process condition to support both over- and under-treatment of the
materials and bioburden, respectively. Users can establish the death rate for the microbial
population for each of the conditions that bracket the routine process.
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Figure 3. Bracketing method.

Regardless of the approach used, in order to complete the cycle development and validation
manufacturers must identify a rapid neutralization method that inactivates the chemical agent
to allow microbial quantification after exposure. The exposure periods may need to be brief
because many of these agents have rapid kill rates. The absence of recoverable microorganisms
in well-defined quench and recovery studies is an indication of high process lethality and is not
a meaningful concern.

Equipment Qualification

Equipment qualification is a predefined program that examines the equipment to confirm that it
has been properly installed and operates as intended before the sterilization process. Equipment
qualification can be separated into installation qualification and operational qualification or can
be considered a joint installation and operational qualification. This activity for sterilization by
liquids is generally simple, and the equipment used is rarely complex. Temperature control and
agitation/recirculation rates are the essential considerations.

Component and Load Definition

Sterilization by liquids is a surface phenomenon, and all surfaces of the materials must be
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immersed in the sterilant. Treatment uniformity can be ensured by recirculation or mixing of the
sterilant during the process. The use of a maximum load per defined vessel or container
represents the worst case because it provides the maximum surface area to be sterilized.

Biological Indicators

The common indicator organisms for chemical sterilization are B. atrophaeus ATCC 9372 or B.
subtilis ATCC 6633. The spore challenge is inoculated directly onto the items. End users should
determine the populations of inoculated items. Manufacturers should place indicators within
loads at locations believed to be hardest for the agent to reach, on the basis of visual
examination.

Process Confirmation/Microbiological Challenge

The core of the validation activity is confirmation of acceptable process parameters and
inactivation of the microbial challenge. Manufacturers expect a linear death curve for the spore
challenge and require total death of the challenge. Manufacturers can consider adjustment in
chemical sterilant concentration, process time, agitation, and other factors. Proof of cycle
efficacy is provided in replicate studies in which the biological indicators are killed, and physical
measurements are taken as documentation.

Agent Neutralization/Removal

After exposure, the sterilizing agent must be adequately removed from the items or neutralized
before further processing. This segment of the process uses chemical neutralization or physical
removal and must be executed in a manner that preserves the sterility of the items. Aseptic
processing with appropriate capability demonstration should be provided. Process simulation
beginning with the completion of sterilization through placement into a sealed sterile container

is expected. See Sterility Assurance of Compendial Articles 1211  for additional information.

Routine Process Control

Liquid-phase sterilization must be subject to controls that maintain the validated state. The

practices outlined in Sterilization of Compendial Articles 1229  address the general
requirements for all sterilization systems. Sterilization is accomplished by means of a number of
related practices that are essential for continued use of the process over an extended period
of time, including calibration, chemical and physical measurements, ongoing process control,
change control, preventive maintenance, periodic reassessment, and training.

REFERENCE

1. Agalloco J. Gas, liquid, and vapor sterilization. In: Nema S, Ludwig J, eds.
Pharmaceutical Dosage Forms: Parenteral Medications. 3rd ed. New York: Informa USA;
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1234  Vaccines for Human Use—Polysaccharide and Glycoconjugate Vaccines. This
new general information chapter continues the vaccine chapter series begun by Vaccines for

Human Use 1235  and Vaccines for Human Use—Bacterial Vaccines 1238 . This chapter
builds on the predecessor chapters by describing best practices for production, conjugation,
and characterization of this often complex class of vaccines. It describes key quality attributes
at each step of the process and suggests best methods to assess these attributes.

(GCBA: M. Kibbey.)
Correspondence Number—C118013

Comment deadline: September 30, 2013

Add the following:

1234  VACCINES FOR HUMAN USE—POLYSACCHARIDE AND GLYCOCONJUGATE
VACCINES

INTRODUCTION

This chapter describes best practices for production, conjugation, and characterization of
polysaccharide and glycoconjugate vaccines. It describes key quality attributes at each step of
the process and suggests best methods to assess these attributes. The scope of this chapter
includes vaccines consisting of one or more purified polysaccharides (such as pneumococcal,
meningococcal, and Typhoid Vi vaccines) and components involved in their production, and
vaccines consisting of one or more glycoconjugate immunogens in which a saccharide has been
covalently attached to a suitable carrier protein. The latter category includes Haemophilus
influenzae type b (Hib), meningococcal, and pneumococcal conjugate vaccines. The chapter
does not include combination vaccines in which Hib conjugates are combined with unrelated
immunogens against diphtheria, tetanus, and pertussis.

BACKGROUND

Occurrence of Capsular Polysaccharides

Many pathogenic bacteria possess a polysaccharide capsule that encloses the cell, modulates
the flow of nutrients to the cell surface, and protects against dehydration. When a bacterium
establishes an infection in a mammalian host, the polysaccharide capsule hides cell surface
components from elements of the mammalian immune system, such as antibodies and
complement proteins that otherwise would activate mechanisms to kill the pathogen. Although
polysaccharide capsules are themselves immunogenic in children and adults, development of a
protective immune response may be too slow to defend the host against disease. In many
cases, antibodies directed against the capsular polysaccharide are protective, and the prior
existence of these antibodies prevents establishment of the infection; this is the basis for their
use as vaccines or components of conjugate vaccines. Many bacterial species can be divided
into serogroups or serotypes that express structurally and immunologically distinct capsular
polysaccharides. The number of known serotypes differs between organisms. There are six
known Haemophilus influenzae serotypes and more than 90 Streptococcus pneumoniae
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serotypes. Different serotypes (or serogroups) of the same organism may have different
infectivities. For instance, the large majority of disease caused by H. influenzae is due to the b
serotype. Different serotypes may cause disease in different geographical regions, may produce
a different spectrum of disease, or may be prevalent in different age groups. The serotype-
specific pattern of disease may change with time within a given geographical region. For these
reasons, many polysaccharide and conjugate vaccines contain multiple saccharide immunogens.

Structures of Capsular Polysaccharides

Capsular polysaccharides are high molecular weight polymers that contain a strict repeat unit.
This repeat unit can be a single monosaccharide unit or can be an oligosaccharide unit that
contains as many as eight sugar residues. The repeat units can be linear or branched, and are
sometimes linked together by phosphodiester bonds. Bacterial polysaccharides often contain
unusual sugar residues that are not found elsewhere, and may be substituted with a wide range
of acylating groups (O-acetyl groups are the most common) and phosphorylated substituents
such as phosphoglycerol. Incomplete O-acetylation and migration of O-acetyl groups between
different hydroxyl groups leads to a degree of heterogeneity in the polysaccharides.

Immune Responses to Capsular Polysaccharides

Capsular polysaccharides are T-cell–independent type 2 immunogens. These immunogens do
not evoke antibody isotype switching, affinity maturation, or immunological memory. Because of
the relatively late development of the relevant arm of the human immune system, unconjugated
polysaccharide vaccines usually induce only a poor immune response in infants under the age of
two and thus are not used for this population group. Adjuvants in polysaccharide vaccines do
not improve the immune response. In a typical adult target population only a single dose is
required to induce a protective immune response. In the absence of immunological memory,
regular revaccination is required, often at five-year intervals. Repeated vaccination can lead to
hyporesponsiveness to the vaccine.

Conjugation of Polysaccharides to Carrier Protein

Covalent attachment of a capsular polysaccharide, or an oligosaccharide derived from it, to a
protein carrier creates a conjugate vaccine. Immunization with a conjugate vaccine induces
humoral immunity by means of a different molecular mechanism that does not require cross-
linking of immune cell surface proteins. For this reason, effective conjugate vaccines can be
produced using oligosaccharide haptens that may be derived from a capsular polysaccharide or
from inherently lower molecular weight polysaccharides such as the O-chain of a
lipopolysaccharide. Conjugates can also be produced using naturally high-mass polysaccharides
or by controlled size reduction to shorter chains. Depending on the manufacturing process
there are three basic structural models for conjugate vaccines:

conjugates in which a carrier protein is modified with multiple oligosaccharide chains
that have one or two activation sites to allow attachment to a carrier protein, resulting
in a monomeric glycoconjugate or a glycoconjugate with limited cross-linking
cross-linked conjugates in which multiply activated polysaccharide chains and carrier
proteins couple to multiple polysaccharide chains, creating a cross-linked network of
proteins and glycans
conjugates in which a size-reduced polysaccharide is covalently attached to a complex
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of proteins, typically bacterial outer proteins, via multiple attachments.

The Carrier Protein

The most widely used carrier proteins are related to bacterial toxins that are detoxified by
chemical or genetic means. Conjugate vaccines induce a T-cell–dependent response that is
developed early in life and leads to immunological memory and boosting of the response by
further doses of the vaccine, thus they are suitable for infant immunization. The role of the
carrier protein in modulating the immune response is discussed below.

Conjugation Chemistry

Polysaccharides can be covalently attached to proteins, although activation of the
polysaccharide is required. Sometimes the carrier protein is also activated to create compatible
reactive groups. Polysaccharides can be activated initially by creation of reactive aldehyde
groups, by periodate oxidation or uncovering of the reducing terminal of sugars, by reaction of
hydroxyl groups with highly reactive reagents such as cyanogen bromide (or 1-cyano-4-
dimethylamino-pyridinium tetrafluoroborate [CDAP] as a crystalline alternative) or
carbonyldiimidazole, by use of carboxylic acid groups, or, if available, by free amino groups or
phosphate groups. Periodate oxidation, dilute acid hydrolysis, and some other approaches to
polysaccharide activation may, depending on the structure of the polysaccharide, lead to
depolymerization of oligosaccharides, which are typically fractionated by size and an
appropriate fraction coupled to the carrier. The "natural" reactive groups on proteins include

lysine -amino groups, N-terminal amino groups, carboxylic acids in aspartate or glutamate, or
thiol groups. Carrier protein activation may also involve the creation of hydrazide groups or
thiols for linkage. Covalent attachment between the activated polysaccharide and the carrier
protein, activated or not, can take place via the use of activated esters, sometimes created in
situ with a water-soluble carbodiimide reagent, by reduction of Schiff's bases, by reaction of a
thiol with maleimide, or by elimination of bromide. Conjugation can either be direct, as in
reductive amination, or via the introduction of a suitable bifunctional linker. In general, the
choice of conjugation chemistry is defined by either the structure of the polysaccharide repeat
unit or the desire to produce a conjugate of a specific structural family.

Immune Responses to Conjugate Vaccines

The immune response to the saccharide component of conjugate vaccines is T-cell–dependent
and is similar to the response for proteins, although this process is still not fully understood
with respect to glycoconjugates. Because this immunological pathway is in place even in
infants, conjugate vaccines were developed initially for use in infants. Following interaction with
antigen-presenting cells such as dendritic cells, macrophages, and B-cells, glycoconjugate
vaccines are internalized and processed into small peptides and glycopeptides that then are re-
exposed and presented to T-lymphocytes in association with the major histocompatibility
complex class II molecules. Multiple immunizations of an immunologically naive infant are
normally required to raise an antibody response, but processes such as isotype switching and
affinity maturation take place and immunological memory is stimulated. In general terms, these
processes result in induction of long-lasting high-affinity antibodies that are effective at
preventing bacterial pathogens from establishing an infection. Adjuvants in glycoconjugate
vaccines are effective at boosting immune responses. These vaccines have also been shown, in
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the cases of Hib, meningococci, and pneumococci, to eliminate nasopharyngeal carriage of
organisms, thus an important aspect of their effectiveness arises from suppressing transmission
of infectious serotypes between individuals, called a herd effect.

KEY QUALITY PARAMETERS FOR BULK POLYSACCHARIDES

Bulk monovalent polysaccharide is purified from bacterial cell culture and is a key stable
intermediate in the manufacture of both polysaccharide and conjugate vaccines. Many quality
parameters for final vaccines can be initially assessed by analysis of bulk monovalent
polysaccharides or by using critical in-process tests supporting the manufacturing process.
Important quality parameters for purified polysaccharide include identity, purity, composition,
and molecular size, and depend on the type and extent of further processing. The purification
process is validated to consistently produce compliant material. 
The purity of the polysaccharides depends on the purification steps, including harvest methods,
clarification, and downstream purification processes. For purification, a combination of
precipitation, filtration, and chromatographic procedures can be used, depending on the
chemical nature of the polysaccharide. The final purification step can consist of buffer
exchange and filtration followed by storage of purified polysaccharide (frozen), or additional
precipitation and washing of the precipitate with solvent before drying, followed by storage.
Drying of polysaccharides can be performed in dessicators and can include several steps of
grinding or fluffing and return to the dessicators for further drying. Manufacturers should take
care during these steps because mechanical handling of the polysaccharide can reduce its
molecular size. The purified polysaccharide is stored at a suitable temperature in conditions
that avoid the uptake of moisture. Lyophilization of polysaccharides is also possible. The
stability of the polysaccharide under specified storage conditions should be demonstrated; this
may include assessment of the optimal moisture content of the dried material. 
Differentiating which tests should be used for polysaccharide release and which are better
suited to in-process testing to ensure process consistency depends on the process and how
the polysaccharide will be further processed. Final decisions about process parameters typically
take place after discussions with regulatory authorities.

Dry Weight

Because dry weight is used both to calculate the results of certain tests with reference to the
dried substance and to calculate amounts for subsequent processes, volatile matter, including
water, in the purified polysaccharide is determined by a combination of suitable methods
including the following:

thermogravimetry (see Loss on Drying 731 )

Karl Fischer (water only: see Water Determination 921 )

residual solvents determined by gas chromatography (see Residual Solvents 467  and

Chromatography 621 ) and by nuclear magnetic resonance (NMR) spectroscopy (see

Nuclear Magnetic Resonance 761 ) or colorimetric methods.

Polysaccharide Identity

The manufacturer is required to confirm the identity of the active component present in the
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purified polysaccharide. If other polysaccharides are produced at the same manufacturing site,
the method should be validated to show that it distinguishes the desired polysaccharide from all
other polysaccharides produced in that facility (see 21 CFR 610.14). The identity is determined
by a prespecified combination of suitable methods such as:

Immunological test methods: These methods require access to highly specific antisera
that are able to distinguish between closely related polysaccharide antigens. Commonly
used formats for this purpose are immunoprecipitation, immunoelectrophoresis, and
enzyme-linked immunosorbent assays (ELISA). The (serological) specificity of the
antiserum should be demonstrated by the absence of cross-reactivity with heterologous
polysaccharides manufactured in the same facility. More information regarding these

methods can be found in Immunological Test Methods—General Considerations 1102

, Immunological Test Methods—Enzyme–Linked Immunosorbent Assay (ELISA) 1103 ,

and Immunological Test Methods—Immunoblot Analysis 1104 .

NMR spectroscopy (see 761 ): NMR methods require access either to authentic
samples of the polysaccharide or to reference spectra. Comparison is made visually in
terms of the positions, relative intensities, and multiplicities of significant resonances, or
by use of other objective methods.
Polysaccharide identity can also be assessed by use of a matrix of compositional
assays, usually with colorimetric or chromatographic readouts, that define factors such
as the amounts of different sugar types (e.g. amino sugars, uronic acids, or methyl
pentoses depending on the polysaccharide), the amount of substituents (e.g. O-acetyl
groups), and the content of nitrogen and phosphorus.

Polysaccharide Purity and Quantity

COLORIMETRIC ASSAYS

Historically, polysaccharide content compared to dry weight (purity) was estimated using a
range of colorimetric assays for functional groups specific to the polysaccharide antigen.
Because the reference standard is typically a pure monosaccharide or similar model compound,
and because assays were typically determined before most structures were known, component
quantification may not parallel true stoichiometry. Thus, manufacturers should develop
correlations among alternative approaches. Purity can be calculated based on the method
employed and the salt form present. Table 1 lists colorimetric tests that may be appropriate to
determine the composition of a particular polysaccharide within a vaccine. The response
factors for the sugar units in the polysaccharide may differ from those of a pure
monosaccharide reference standard. Manufacturers should address these concerns during
method validation.

Table 1. Colorimetric Assays for Polysaccharide Composition and Quantity
 

Orcinol Assay
(Bial

Reagent)

Molybdate
(Chen)
Assay

Resorcinol Assay
(Seliwanoff

Reagent)

Sulfuric
Acid

Digestion
Carbazole

Assay

Dimethyl-
aminobenz-

aldehyde
Assay

Cysteine
Sulfuric Acid

Assay

Hestrin

Assaya

Anthrone-
Sulfuric

Acid
Assay

PS
Antigen Ribose Phosphate Sialic Acid

Total
Nitrogen

Uronic
Acids Hexosamines Methylpentoses

O-
Acetyl

Total
Sugar

Hib PRP X X        

MenA  X    X  X  

MenC   X     X X

MenY   X   X  X X

MenW135   X   X  X X
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Pneumo
(Serotype
Specific)

 

X X X X X X X X

Vi        X  

a  The hestrin assay is appropriate for compositional analysis and identity, but because the degree of O-acetylation can vary between polysaccharide batches it is not normally a suitable
assay for polysaccharide quantitation. 

HYDROLYSIS AND COMPOSITION ANALYSIS BY CHROMATOGRAPHY

Acid or base hydrolysis depolymerizes polysaccharides into oligosaccharides, monosaccharides,
or smaller fragments that are polysaccharide-specific for the optimized hydrolysis conditions
employed. Aggressive hydrolysis conditions can destroy some components of the
polysaccharide. These fragments can be quantified directly by use of, for example, high-
performance anion-exchange chromatography with pulsed amperometric detection (HPAEC-PAD)
or conductivity detection for ions (HPAEC-CD), or by reversed phase high-performance liquid
chromatography (HPLC) of fluorophore-labeled sugars. Alternatively, the hydrolysate can be
derivatized and analyzed by gas chromatography with flame ionization (GC-FID) or mass
spectrometric detection (GC-MS). Suitable polysaccharide reference materials or
monosaccharides are required, and the hydrolysis conditions are product-specific. Table 2
summarizes the type of hydrolysis applied, the analytical methods, and the analytes that have
been quantified for different polysaccharides.

Table 2. Chromatographic Methods for Compositional Analysis and Quantification of
Vaccine Polysaccharidesa

PS
Antigen

Acid
Hydrolysis
and HPAEC

Acid
Hydrolysis,
Fluorophore

Labeling,
and

HPLC

HF
Hydrolysis

and
HPAEC

Base
Hydrolysis

and
HPAEC

Methanolysis
and

GC or HPAEC

PRP Ribitol — Phosphate PRP monomer —
MenA ManN-6-P — Phosphate O-acetyl —
MenC NeuNAc — — O-acetyl —
MenY Glc, NeuNAc Neu5Ac — O-acetyl —
MenW135 Gal, NeuNAc Neu5Ac — O-acetyl —

Pneumo
(Serotype
Specific)

Alditols,
methylpentoses,

hexoses,
hexosamines,
uronic acids,

Pyruvate

—

Phosphate O-acetyl

Alditols,
methylpentoses,

hexoses,
hexosamines,
uronic acids

Vi
— — —

O-acetyl Vi
monomer
fragment

—

a  PS = polysaccharide; HF = hydrofluoric acid; PRP = polyribosylribitol phosphate; MenA =
Meningococcus group A; MenC = Meningococcus group C; MenY = Meningococcus group Y;
MenW135 = Meningococcus group W135; Pneumo = Pneumococcus; Man = mannose; Neu =
neuraminic acid; Ac = acetyl; Glc = glucosamine; Gal = galactose 

CAPILLARY ELECTROPHORESIS

Capillary zone electrophoresis has been used for the identification and quantification of
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meningococcal polysaccharides without depolymerization.

IMMUNOCHEMICAL ASSAYS

Immunochemical assays such as immunonephelometry or ELISA require access to specific
antisera that must be calibrated to reference materials. The response may be modified by the
matrix or size of the polysaccharide.

NMR SPECTROSCOPY

The relative intensities of characteristic resonances can confirm the proportions of different
sugar residue types and substituents such as N- or O-acetyl or pyruvate that are present in
the polysaccharide. Quantification can be achieved by comparison of these intensities to that

of an added internal standard (see 761 ). 
Regarding phosphorus determination, one should remember that a number of bacterial
polysaccharides contain phosphodiester linkages. The polysaccharide may be quantified based
on its phosphorus content by colorimetric assays or instrumental approaches such as
inductively coupled plasma–optical emission (ICP-OES) or ICP-mass spectrometry (ICP-MS).

COUNTERIONS

If the percentage purity of polysaccharide bulks (compared to dry weight) is part of their
release program, the amount and type of counterion present must be considered and can be
determined by, for example, ICP-MS. This is normally an in-process control step.

Polysaccharide Molecular Size Distribution

The molecular size distribution is generally evaluated by liquid chromatography using soft gel–
filtration procedures or size exclusion–high-performance liquid chromatography (SEC-HPLC)
equipped with in-line refractive index (RI). The results are reported as the distribution
coefficient (KD) determined from the main peak of the elution curve or as the percentage of
material that elutes before a defined KD cut-off value. The absolute molecular weight of the
polysaccharide and its hydrodynamic (gyration) radius can be determined by coupling static
light scattering and RI detectors to the SEC-HPLC column, and measuring the RI increment
(dn/dc) using reference polysaccharides. Requirements based on molecular weight can be
expressed in terms similar to those based on molecular size, and related either to peak values
or to the proportion that elutes before a defined cut-off value.

Level of Protein Contamination

The residual protein content of the polysaccharide should be determined by an appropriate
assay and should be shown to be below the approved specification. These specifications
typically vary by polysaccharide and serotype. Method validation should assess the need for
sample pretreatment before protein determination and specific interference by the
polysaccharide in the protein assay. Further, method validation should demonstrate that the
assay sensitivity is appropriate for the specification. Biotechnology–Derived Articles—Total

Protein Assay 1057  contains information regarding these assays. Methods that are typically
applied to polysaccharides include colorimetric assays (e.g., Lowry, Biuret, bicinchonic acid, or
Bradford assays) and UV absorbance.
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Level of Nucleic Acid Contramination

The nucleic acid content of the purified polysaccharide should be determined and should be
shown to meet specifications, which are typically less than 1% w/w. Nucleic Acid–Based

Techniques—Approaches for Detecting Trace Nucleic Acids (Residual DNA Testing) 1130
provides additional information about these methods.

Quantification of Process- and Product-Related Impurities

Depending on in-process testing or release requirements, chromatographic and spectroscopic
methods can be used to quantify residuals from the fermentation and isolation/purification
steps. These residuals may include antifoaming agents, phenol, cetyltrimethyl ammonium
bromide, ethanol, and other residual solvents. Other impurities should also be quantified using
appropriate tests, including:

bacterial endotoxins (see Bacterial Endotoxins Test 85 )

pyrogens (see Pyrogen Test 151 )

sterility (see Sterility Tests 71 ), if required
bioburden (see Microbiological Examination of Nonsterile Products: Microbial

Enumeration Tests 61 ), where appropriate.

As an in-process control, the proportion of pneumococcal C polysaccharide in pneumococcal
capsular polysaccharides can be determined by a combination of 1H and 31P NMR spectroscopy
or by HPAEC-PAD analysis of ribitol. Alternatively, it can be derived from the compositional
analysis.

Stability-Indicating Tests

The polysaccharide may lose integrity because of gradual hydrolysis, resulting in a reduced
molecular size, and this degradation can be monitored by size exclusion chromatography or by
high-performance size exclusion chromatography (HPSEC) with static light scattering detectors
for molecular weight. Loss of O-acetyl groups can be monitored by HPLC methods. Both the
loss or migration of O-acetyl groups and the integrity of phosphate-containing polysaccharides
can be tracked by NMR spectroscopy. Immunochemical methods can also be used to monitor
polysaccharide integrity but should be validated for that purpose.

KEY QUALITY PARAMETERS FOR BULK FORMULATED POLYSACCHARIDE VACCINE

The bulk formulated polysaccharide vaccine refers to a solution that contains a blend of
appropriate amounts of the required monovalent bulk polysaccharides, as well as any buffer
salts, excipients, adjuvants, and antimicrobial preservatives present in the vaccine product.
Typically, the vaccine is sterilized, usually by filtration, and is ready for filling in the final dosage
forms.

Antimicrobial Preservative
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If an antimicrobial preservative is present and is not assayed at a later stage, its concentration
can be assayed at this stage using an appropriate validated chemical, physicochemical,
chromatographic, or spectroscopic assay. While the specification will depend on the regulatory
agency, typically the amount of preservative should not exceed 120% of the expected value,
and the manufacturer must demonstrate that the preservative is effective at that

concentration (see Antimicrobial Effectiveness Testing 51 ).

Sterility

At this stage, if the expectation is that the material is sterile, then sterility should be

demonstrated using an appropriate validated assay such as one of those described in 71 .
For other manufacturing processes, measurement of some combination of bioburden, endotoxin
count, or pyrogenicity may be sufficient.

Polysaccharide Quantity

To ensure correct dilution of the bulk before final filling, and unless other control mechanisms
are in place, determination of the content of individual serotypes or total polysaccharide
content may be required using appropriate validated physicochemical or immunochemical
methods as defined in the bulk polysaccharide section.

pH, Osmolarity/Isotonicity, and Excipients

The final format of a vaccine may be liquid or lyophilized. If the format in this stage does not
change during the final fill and is not analyzed later then manufacturers should assay this bulk
material for:

pH (see pH 791  )

possibly osmolarity or isotonicity (see Osmolality and Osmolarity 785 ). If approved
by a regulatory agency, routine osmolarity testing may be omitted if the manufacturer
demonstrated consistency in development and clinical lots.
excipient content, if present.

KEY QUALITY PARAMETERS FOR POLYSACCHARIDE VACCINES: FINAL FILLS

In accordance with 21 CFR 610.1, "No lot of any licensed product shall be released by the
manufacturer prior to the completion of tests for conformity with standards applicable to such
product. Each applicable test shall be made on each lot after completion of all processes of
manufacture which may affect compliance with the standard to which the test applies. The
results of all tests performed shall be considered in determining whether or not the test results
meet the test objective, except that a test result may be disregarded when it is established
that the test is invalid due to causes unrelated to the product." Test methods should be
appropriately verified and validated.

Description and Solubility

Liquid vaccines are typically clear colorless liquids that are essentially free from visible particles.
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Lyophilized products are typically white or cream-colored powders or pellets that are freely
soluble in water and yield clear colorless liquids that are free from visible particles.

Polysaccharide Identity

The manufacturer should demonstrate that all the expected polysaccharides are present in the
final fill. The test may be immunochemical, physicochemical, or chemical. Regulation 21 CFR
610.14 requires that the identity test should distinguish the product from other products
handled in the same facility. In some cases specific quality attributes of the polysaccharide
relating to identity, such as O-acetyl content, may also be specified, and should be assayed at
this final fill stage if not assessed at an earlier stage. Often polysaccharide identity and
quantity can be confirmed and determined by the same assay.

Polysaccharide Quantity

The content of each polysaccharide present in the final lot should be determined by a suitable
validated immunochemical or physicochemical method. Typically, Vi and pneumococcal
polysaccharide vaccines contain 25 µg of each serotype in a single human dose, whereas
meningococcal polysaccharide vaccines contain 50 µg of each serogroup in a single human
dose. When immunochemical methods are used, the antisera should be specific for each
polysaccharide in the vaccine, including, in the case of the pneumococcal serotypes,
immunologically cross-reactive species. Specifications are established on a case-by-case basis,
but typically the content of each polysaccharide in the vaccine should be either between 70%
and 130% or between 80% and 120% of the label claim.

Polysaccharide Structural Integrity and Molecular Size

In the absence of suitable validation data showing that no changes occur during filling and
storage, the structural integrity and molecular size of the individual polysaccharide components
should be assessed as far as is possible following the final fill. Depending on the nature of the
polysaccharide and the complexity of the vaccine, the integrity of individual serotypes or
serogroups can be established by a combination of immunochemical stability-indicating
measurements (e.g., ELISA, rate nephelometry, or physicochemical methods), by size or
molecular weight determination alone or in combination with serotype-specific assays, or by
quantification of specific groups such as O-acetyl groups that have been shown to be critical
for immunogenicity. Together with the serotype-specific quantification, these assays act as a
surrogate for a potency assay.

pH

The pH of the final fill should be determined for liquid products or for redissolved lyophilized

products according to 791  and should meet the requirements of the relevant licensing
authority. This attribute should be included in stability-testing programs.

Antimicrobial Preservative

Where applicable, the amount of antimicrobial preservative should be determined by a suitable
validated approach. Typically, the value should not exceed 120% of the quantity stated on the
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label. The approved lower limit should not be lower than the minimum amount shown to be
effective throughout the product's shelf life.

Process Impurities

Unless the product has been tested at an earlier manufacturing stage, and depending on the
manufacturing process used, process impurities or residuals such as phenol or formaldehyde
should be tested by appropriate validated assays. For more information about allowable process

impurities, see Vaccines for Human Use—Bacterial Vaccines 1238 .

Sterility

The sterility of each lot should be ensured according to procedures described in 71  and 21
CFR 610.12. The product should comply with the requirements of the tests.

Pyrogens or Bacterial Endotoxin

Depending on regulatory requirements, the product's endotoxin content or pyrogenicity should
be determined and should be shown to meet the relevant specifications. Methods for endotoxin

testing are found in 85 . Methods for pyrogen testing are found in 151 .

Osmolarity and/or Isotonicity, Excipients, and Moisture Content

If the vaccine is a liquid preparation, the pH and osmolarity/isotonicity of each final lot should
be tested and shown to be within the pre-approved specifications. For a lyophilized
preparation, analysts should measure the pH after reconstitution with the appropriate diluent. 
Excipient functional category (sometimes referred to as functionality) is a broad, qualitative,
and descriptive term for the purpose or role an excipient serves in a formulation. Of greater
importance, however, are the quantitative performance requirements (i.e., critical material
attributes) of excipients that must be evaluated and controlled to ensure consistent
performance throughout the product life cycle. Manufacturers should anticipate lot-to-lot and
supplier-to-supplier variability in excipient properties and should have in place appropriate
controls if needed to ensure consistent excipient performance (refer to Excipient Performance 

1059  for guidance). 
Regarding moisture content in lyophilized products, as specified in 21 CFR 610.13 each lot of
dried product must be tested for residual moisture and must meet and not exceed established

limits as specified by an approved method (see also 731  and 921 ).

Diluent for Lyophilized Products

Data should be provided to support diluent sterility (see 71 ) and to ensure that adventitious
microbial contamination does not occur under the reconstitution conditions (i.e., diluents should
not introduce contamination) or during storage conditions as described in the package insert. If
an antimicrobial preservative is used (as is the case normally only in multidose products),

testing according to 51  is recommended to demonstrate acceptability. Testing may not be
required on all lots once process control and consistency have been established.
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General Safety

Depending on regulatory requirements, a general safety test may be necessary as set out in 21
CFR 610.11(g), and the product should meet the specifications.

KEY QUALITY PARAMETERS FOR CARRIER PROTEIN

A number of protein carriers have been used in preclinical and clinical evaluation of conjugate
vaccines. Proteins such as diphtheria and tetanus toxoids, which derive from the respective
toxins after chemical detoxification with formaldehyde, initially were selected as carriers
because of the safety track record accumulated with tetanus and diphtheria vaccination, and
these proteins are used today as carriers for meningococcal, Hib, and pneumococcal vaccines
in a number of countries worldwide. CRM197, a nontoxic mutant of diphtheria toxin, is also used
as a carrier for licensed Hib, pneumococcal, and meningococcal conjugate vaccines and for
other vaccines being developed. An outer membrane protein complex (OMPC) of serogroup B
meningococcus is the carrier for a licensed Hib conjugate vaccine. An Hib-related protein,
Protein D, is the carrier for most of the polysaccharides included in one licensed conjugated
pneumococcal vaccine.

Key Quality Parameters for Carrier Protein

Five carrier proteins currently are used for conjugate vaccines approved for use by various
regulatory authorities: Diphtheria Toxoid, Tetanus Toxoid, CRM197, Haemophilus Protein D, and
OMPC. When the carrier protein is a component of an approved vaccine like diphtheria and
tetanus toxoids, the first key quality parameters are those defined by the release tests on the
concentrated bulks for these components. Other quality parameters include the level of
oligomerization (monomer vs. multimeric forms). For carrier proteins that are not licensed as
stand-alone vaccines, the list of key quality attributes should at least include identity, sterility
or bioburden (depending on the manufacturing process), endotoxins, and purity. In some
specific cases, additional quality attributes may require measurement.

CARRIER PROTEIN IDENTITY

The identity of the carrier proteins can be assessed by suitable methods that can be divided
into two categories:

Immunochemical methods: immunoprecipitation (flocculation, radial immunodiffusion, and
nephelometry), immunoelectrophoretic methods (rocket immunoelectrophoresis), and
immunoenzymatic methods (immunoblots and ELISA).
Standard physicochemical methods used for other purified proteins: mass spectrometry,
peptide mapping, and molecular mass determination. Using these methods, a sample
preparation is compared to a reference preparation to demonstrate consistency. The
tests listed here may not be appropriate for toxoid proteins.

STERILITY OR BIOBURDEN

Sterility and bioburden are determined according to procedures described in 71  and 61 ,
respectively, and 21 CFR 610.12.
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ENDOTOXINS

To ensure an acceptable level of endotoxin in the final product, manufacturers can determine

the endotoxin content of the carrier protein according to 85  and thus can show that

endotoxin levels are within acceptable limits. For some products, rabbit pyrogenicity testing (

151 ) may be a more relevant test.

Diphtheria Toxoid

ANTIGENIC PURITY

Depending on the manufacturing process diphtheria toxoid preparation can show different
degrees of purity. Typically, antigenic purity for diphtheria toxoid as determined by the
flocculation test should be at least 1500 Lf (limit of flocculation) units/mg of protein.

MONOMER, DIMER, OR AGGREGATE CONTENT

Diphtheria toxin is characterized by the presence of dimeric and multimeric aggregation forms
that are also present in the corresponding detoxified preparations. Regarding this parameter,
analysts can monitor the manufacturing consistency of diphtheria toxoid by determining the
content of monomers vs. dimers and other aggregates using a suitable method such as SEC-
HPLC coupled with a static light scattering detector. In some cases, because of the low purity
of the preparation the HPLC profile may result in a broad peak that cannot be resolved into the
contribution of the individual species.

Tetanus Toxoid

ANTIGENIC PURITY

Typically, the antigenic purity of tetanus toxoid as determined by the flocculation test should
be at least 1500 Lf units/mg of protein.

MONOMER, DIMER, OR AGGREGATE CONTENT

The detoxification process for tetanus toxin results in oligomerization to an extent that depends
on the process conditions. Similar to Diphtheria Toxoid, the physicochemical consistency of
tetanus toxoid can be monitored by the determination of monomeric vs. dimeric forms and other
aggregates using suitable methods like SEC-HPLC coupled with static light scattering detection.
Other methods like ultracentrifuge analysis can be applied but may be less suitable for routine
testing.

CRM197

CRM197 protein is a nontoxigenic diphtheria toxin isolated from the supernatant of cultures of

Corynebacterium diphtheriae C7( 197)tox- and purified by a sequence of chromatographic and
diafiltration steps. A guideline for production and control of bacterial proteins used in vaccine

manufacturing is given in 1238 . Recombinant CRM197 should meet requirements for
nonrecombinant material, although additional characterization appropriate for recombinant
proteins may be required.
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PURITY

The purity of CRM197 batches should be determined via suitable methods, e.g., HPLC (see 

621 ), sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE; see

Biotechnology–Derived Articles—Polyacrylamide Gel Electrophoresis 1056 ), or Capillary

Electrophoresis 1053 . Typical expectations are that the purity of CRM197 should be at least
90% and often greater than 95%.

DEGREE OF NICKING

CRM197 contains an exposed loop of three arginine residues that is clipped by proteases
present in the culture medium, resulting in a so-called nicked form. The manufacturing process
should demonstrably be able to regularly produce CRM197 with a consistently low degree of
nicking. In the presence of a reducing agent like dithiothreitol, the nicked form breaks down
into two distinct polypeptides called fragments A and B that can be easily detected by SDS-
PAGE, which accordingly is a suitable method to determine the degree of nicking. In a validated
process testing may be needed as an in-process control.

Haemophilus Protein D

Haemophilus Protein D is obtained as a recombinant protein from E. coli fermentation that, after
extraction from the cells, is purified by a series of chromatographic and diafiltration steps and
finally is sterile filtered. Routine release tests for protein D include identity, purity, sterility,
protein content, and endotoxin content. Host cell proteins and host cell DNA should also be
tested unless process validation has shown consistent clearance.

PURITY

Purity should be monitored with an appropriate test such as HPLC, SDS-PAGE, or capillary
electrophoresis (CE).

Outer Membrane Protein Complex

The OMPC of Neisseria meningitidis group B is derived from meningococcal serogroup B bacterial
cells by extraction with buffer-containing detergent. Analysts can monitor manufacturing
consistency by determining the OMPC composition with SDS-PAGE or another suitable method.

ENDOTOXIN CONTENT OR PYROGENICITY

To ensure an acceptable level of endotoxin in the final product, analysts can determine the
endotoxin content of the carrier protein and can show that it falls within acceptable limits

according to 85 . Alternatively, OMPC preparations should pass the rabbit pyrogenicity test

following injection into rabbits at, typically, 0.25 µg/kg of body mass (see 151 ).

MENINGOCOCCAL OMPC REQUIREMENTS—PURITY AND LIPOPOLYSACCHARIDE CONTENT

The composition of meningococcal OMPC carrier should be monitored for consistency by SDS-
PAGE or by another suitable method. Typically, the lipopolysaccharide (LPS) content should not

PF 39(4): Jul.-Aug. 2013 144



exceed 8% by weight. Suitable methods for LPS determination include HPLC, colorimetric
analyses, SDS-PAGE, and GC-MS.

KEY QUALITY PARAMETERS FOR ACTIVATED INTERMEDIATES

Different chemical strategies can be applied to the synthesis of glycoconjugate vaccines. Two
main approaches have traditionally been employed for glycoconjugate vaccines preparation:
one is based on random chemical activation along the chain of the native or slightly size-
reduced polysaccharide, followed by conjugation; the other is based on selective activation of
end groups of oligosaccharides generated by controlled fragmentation of the native
polysaccharide and subsequently coupling to the protein carrier. Depending on the conjugation
chemistry, a chemical spacer can be used to facilitate the coupling of the protein to the
saccharide antigens, and, in some cases, prior derivatization of the protein carriers is also
required. In some cases the activated or derivatized polysaccharide or oligosaccharide is
isolated and represents an intermediate of the glycoconjugate vaccine manufacturing process.
In order to ensure a reproducible product by means of consistent application of the appropriate
conjugation stoichiometry, manufacturers should use appropriate methods to determine the
degree of activation or derivatization of the poly- or oligosaccharide and of the carrier protein.

Degree of Activation of Activated Polysaccharide

If appropriate, different activation or derivatization strategies can be applied to poly- or
oligosaccharides in order to make them suitable for covalent coupling to the carrier protein. In
some cases the hydroxyl groups of the polysaccharide first are reacted with cyanogen bromide
or CDAP or carbonyldiimidazole to form active esters. These active intermediates then can be
reacted in situ with adipic acid dihydrazide or other bifunctional amines to introduce an amino
linker. Some bacterial polysaccharides possess carboxyl or phosphate groups that might be
used for introduction of an amino linker using a carbodiimide-mediated chemistry. Subsequent
coupling to the carboxyl groups of the carrier protein to obtain the desired glycoconjugate can
be performed using, for example, a soluble carbodiimide-mediated chemistry. Alternatively, the
amino linker incorporated into the polysaccharide structure can be further derivatized to obtain
a bromo-acyl or a maleimido function that is amenable to coupling with a thiol group that is
present or previously was incorporated into the carrier protein. 
In some other cases aldehyde groups can be introduced into the polysaccharide structure by
reaction of vicinal hydroxyl groups with the oxidizing reagent sodium metaperiodate (NaIO4).
Depending on the polysaccharide structure, the NaIO4 treatment can also be used for
simultaneous controlled depolymerization and aldehyde group generation. The poly- or
oligosaccharides-containing aldehyde groups then can be covalently coupled to lysine residues
and the N-terminal amino groups of the carrier protein by reductive amination in the presence
of sodium cyanoborohydride (NaBH3CN) or other reducing agents that are selective for Schiff
bases. 
Some manufacturing strategies are based on the controlled hydrolysis of the native
polysaccharides to produce oligosaccharides that can be specifically derivatized by a sequence
of steps that lead to the introduction of an active ester function at their reducing ends. The
desired conjugate is then obtained by reaction of the activated oligosaccharides with the lysine
residues and N-terminal amino groups of the carrier protein. 
To ensure a consistent conjugation stoichiometry, and therefore a consistent manufacturing
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process, manufacturers should determine the level of derivatization or activation of the poly- or
oligosaccharide intermediates. Appropriate methods for determination of the newly introduced
chemical functions into the saccharide structures should be in place and could include, for
example, colorimetric or other suitable methods. 
The calculation of the degree of poly- or oligosaccharide derivatization may require
determination of the total saccharide quantity that can be achieved by applying, for example,
HPAEC-PAD, colorimetric assays, or other suitable methods. In a validated process where
production consistency has been established, and depending on the conjugation chemistry used
and the results of clinical trials, testing may be used as an in-process control. Residual
unconjugated linker that could interfere with subsequent steps should be controlled via
measurement or process validation.

Molecular Sizing of Activated, Derivatized, or Processed Polysaccharide

The molecular size and degree of polymerization of the poly- or oligosaccharide intermediates
depends on the particular manufacturing process and should be measured because these
attributes can affect the consistency of the conjugation process. Suitable tests should be
applied to intermediate pools that are selected on the basis of the different manufacturing
processes. Examples of suitable methods for profiling molecular sizes and determining the
degree of polymerization of poly- and oligosaccharides are: SEC coupled with UV, RI, or static
light scattering detectors; colorimetric assays based on total and end group determination;
HPAEC-PAD; or NMR spectroscopy. In a validated process, testing can be used as an in-
process control.

Degree of Activation of Activated Carrier Protein

As mentioned above, some manufacturing procedures for glycoconjugate vaccines may also
require activation of the protein carrier. This process step introduces into the protein side
chains additional functional groups that react with the poly- or oligosaccharide intermediates
activated with the proper functional group. In general, such functional groups are introduced
by derivatization of protein amino acid side chains like glutamic or aspartic acid with a
bifunctional reagent (e.g., adipic acid dihydrazide or hydrazine) so that a highly nucleophilic
hydrazide group becomes available for coupling with the polysaccharide. In other manufacturing
strategies, the lysine side chains of the carrier protein can be derivatized to introduce different
reactive groups (e.g., bromo–acyl, thiol, or maleimido groups). Appropriate methods for
determination of the newly formed chemical functions introduced into the carrier proteins
should be in place and may include spectrophotometric assays and mass spectrometry. The
calculation of the degree of activation or derivatization of the carrier protein may also require
the determination of the total protein quantity (e.g., by colorimetric assays or other
appropriate methods). In a validated process where production consistency has been
established, and depending on the conjugation chemistry used and the results of clinical trials,
testing may be used as an in-process control.

Carrier Protein Monomer Content

In some cases the procedures for protein carrier activation or derivatization may result in a
certain degree of covalent aggregation of the carrier itself, and this should be monitored with
appropriate tests like SEC-HPLC coupled with static light scattering detection, SDS-PAGE,
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matrix-assisted laser desorption–ionization mass spectrometry, or other suitable tests.

KEY QUALITY PARAMETERS FOR MONOVALENT BULK CONJUGATE (DRUG SUBSTANCE)

Conjugation

Conjugation of the polysaccharide antigen to the carrier protein or protein complex is the
critical component of the manufacturing process for conjugate vaccines. A general overview of

a conjugation process is presented in 1238 . In addition to developing a description of
critical processing equipment, reagents, and processing steps, manufacturers should provide
the rationale for the conjugation chemistry selected and the purification steps, if any, used to
remove unwanted reaction components. Clearance of product-related impurities (e.g.,
unconjugated polysaccharide or unconjugated carrier protein) should be monitored and
controlled. 
Depending on the nature of the manufacturing process, the monovalent conjugate bulks can be
considered to be the drug substance or can be considered a process intermediate. 
During conjugation, the reactive functional groups present on the polysaccharide antigen are
reacted with the functional groups located on the carrier protein or carrier complex to form
stable, covalent bonds. Many different types of chemistries are used, including reductive
amination, thio-alkylation, or CDAP chemistry. The choice of chemical method should be based
on the availability of functional groups, either naturally occurring or introduced via an activation
or side chain loading process, and the ability to control the manufacturing process to produce a
consistent and stable product. 
Although the conjugation process may be conceptually straightforward, the process should be
well controlled. The process typically consists of mixing the activated polysaccharide with the
selected carrier and allowing the components to react. Depending on the nature of the
chemical reaction, an additional chemical reactant may be needed to complete the reaction or
stabilize the conjugate product. For example, in the case of reductive amination, it may be
necessary to add a reducing agent to convert the linkage from a relatively unstable Schiff base
to a more stable secondary amine. Chemical deactivation or capping of residual reactive groups
may also be required. Finally, residual levels of unreacted components such as free protein, free
polysaccharide, chemical reagents, and by-products should be removed from the process via
validation or should be monitored by testing. Regulatory authorities may request stability
evaluation of these intermediates because the data may support stability predictions for
multivalent vaccines for which data collection is more difficult. 
To define and control the conjugation process, the manufacturer should establish targets for
process parameters and tolerances for all critical process steps where possible, including extent
of activation, charge ratios for each reaction component, reaction time, reaction temperature,
reaction pH, and mixing conditions. Additionally, tolerances for the purity of each of the
reaction components should be established, including the polysaccharide, carrier protein, and
any chemical components as noted above. 
The common key quality attributes for monovalent conjugates, the rationale for monitoring
these parameters, and suitable test methods are described below.

Polysaccharide Identity

Polysaccharide identity confirms that the correct antigen was used during the manufacturing

PF 39(4): Jul.-Aug. 2013 147



process and that no critical epitope was lost during conjugation. Polysaccharide identity should
be confirmed using a suitable immunological or chemical method. Examples of immunological
methods include ELISA, immunoblot analysis, and rate nephelometry. The specificity of the test
method must be ensured by selection of appropriate reagents. Alternatively, the identity of the
polysaccharide can be confirmed using a chemical or physical method such as HPLC, HPAEC-
PAD, GC, or NMR if acceptable specificity can be demonstrated and it can be shown that the
carrier protein does not substantially interfere with the identification of the polysaccharide.

Carrier Protein Identity

Depending on the nature of the manufacturing process and the manufacturing controls, it may
be necessary to confirm the identity of the carrier protein, e.g., during a manufacturing process
for a multivalent product in which different antigens are conjugated to different carrier proteins
within the same facility. Carrier protein identification can also be performed using an
immunological method such as ELISA or, if possible, an appropriate chemical method such as

peptide mapping (see Biotechnology–Derived Articles—Peptide Mapping 1055 ). If
appropriate, the carrier identity can be evaluated in the same assay that is used for the
identity of polysaccharide.

Polysaccharide Quantity

Polysaccharide quantity or concentration must be confirmed for all lots of monovalent
conjugate because it is directly related to the product dose. Polysaccharide yield can also be a
useful marker for process consistency. A variety of methods are available and suitable for use
in determining the polysaccharide concentration. These include colorimetric methods such as
the phenol–sulfuric acid, orcinol, and anthrone–sulfuric acid assays and monosaccharide
analysis following hydrolysis by HPAEC-PAD, HPLC with fluorescence detection (HPLC-FD), or
GC. Immunological methods that may be suitable include ELISA or rate nephelometry. The
suitability of these methods depends on the availability of appropriate reagents. The choice of
method should be made on the basis of precision and accuracy. Interference from the carrier
protein must be avoided. Additionally, the chemistry of the polysaccharide antigen should be
considered when analysts select the method. For example, the phenol–sulfuric acid assay may
not be suitable for use if the antigen is composed largely of amino sugars or sialic acid. Suitable
methods for polysaccharide quantification are listed in previous sections of this chapter.

Carrier Protein Quantity

The concentration of the carrier protein must be confirmed for all lots of monovalent conjugate.
Conjugate vaccines are typically formulated based on the polysaccharide concentration, not
the carrier protein concentration. However, the concentration of the carrier protein is needed
to determine the polysaccharide–protein ratio, a key indicator of process consistency. 
Analysts should select a test method that is specific for the carrier protein and does not suffer
from interference from the polysaccharide components. Suitable methods may include amino

acid analysis (see Biotechnology–Derived Articles—Amino Acid Analysis 1052 ), colorimetric

protein tests such as the bicinchoninic acid assay or UV absorbance (see 1057  for both
types of methods), or the protein-specific output from HPSEC with static light scattering, RI, or
UV detection.
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Polysaccharide–Protein Ratio

As noted in Carrier Protein Quantity, the polysaccharide–protein ratio may be an indicator of
process consistency. Therefore, tolerances should be established for two of the three
parameters: polysaccharide concentration, protein concentration, and polysaccharide–protein
ratio. It is not necessary to establish limits for all three parameters because the
polysaccharide–protein ratio is typically calculated from the measured polysaccharide and
carrier protein concentrations. Because the downstream processing and dilutions usually are
based on the amount of polysaccharide present in the monovalent bulks, the limit for the
polysaccharide content can be based on the minimum concentration required for downstream
processing.

Molecular Size Distribution or Integrity or Proof of Covalency

The molecular size of the conjugate is a key indicator of process consistency. Unusually small
conjugates may indicate incomplete conjugation whereas unusually large conjugates may
indicate aggregation and may result in a loss of yield during downstream filtration steps. The
average molecular size and the size distribution should be measured using appropriate sizing
methods such as SEC, HPSEC, HPSEC with static light scattering or RI detection, or analytical
ultracentrifugation. The choice of the method should be made on the basis of the expected size
of the conjugate and the availability of a chromophore for detection.

Proportion of Free (or Unconjugated) Polysaccharide

The proportion of unconjugated polysaccharide must be monitored for each lot of monovalent
conjugate because of the possibility that the presence of a large amount of unconjugated
polysaccharide may suppress the immune response to the antigen. Additionally, the presence of
free polysaccharide is a key indicator of process consistency and is an indirect measure of
covalent attachment to the carrier. Measurement of the proportion of unconjugated
polysaccharide can be used as a stability-indicating test if appropriately validated. 
To measure the level of unconjugated polysaccharide, analysts must separate the
unconjugated polysaccharide from the conjugated polysaccharide. This can be achieved
chromatographically, or by: chemical precipitation of the conjugate with acid or detergents,
aluminum adsorption, capillary electrophoresis, gel filtration, centrifugal ultrafiltration, solid-
phase extraction, or immunoprecipitation. The amount of free polysaccharide then can be
quantitated using the method that was used to quantitate the total polysaccharide level, if
that method is sufficiently sensitive, by UV detection if a chromophore is present, or by
immunological or appropriate physicochemical methods. 
The level of unconjugated polysaccharide must be measured at release and during stability
testing because deconjugation is a potential degradation mechanism.

Proportion of Unconjugated Carrier Protein

The level of unconjugated carrier protein must be monitored for each lot of monovalent
conjugate because this level is a key marker of process consistency and is an indirect measure
of covalency. To measure the amount of unconjugated protein, the unconjugated protein must
be separated from the conjugate. This can be done chromatographically or by electrophoresis
(slab or capillary). Once it is separated, the amount of unconjugated protein can be monitored
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by UV or by a colorimetric method (see 1057 ). Method selection should be based on
sensitivity, precision, and specificity for unconjugated protein.

Unreacted Functional Groups

During the conjugation process, reactive functional groups on the polysaccharide react with
functional groups on the carrier protein. However, the reaction is typically not driven to
completion, and a process of capping of remaining reactive groups may be required, depending
on the nature of the residual reactive groups, the conjugation chemistry used, and
manufacturing process optimization. The method chosen to cap reactive groups depends on the
conjugation chemistry employed. Even so, some reactive groups may still remain on the
conjugate even after the reaction is quenched by reduction, or after remaining reactive groups
have been chemically capped. Safety concerns, if any, depend on the nature of the reactive
groups and the level of reactive groups that remain. The level of residual reactive groups
should be monitored as a measure of process consistency unless process validation has shown
that unreacted functional groups detectable at this stage are removed during subsequent
manufacturing processes. Additionally, the presence of residual reactive groups may affect
product stability during storage. 
The test method used to evaluate residual reactive groups depends on the activation chemistry
that is used and the nature of the polysaccharide antigen. Appropriate methods may include
gas chromatography, HPLC with fluorescence, or UV detection following hydrolysis.

Residual Reagents

Consistency in the amount of residual reagents from the conjugation chemistry can be
demonstrated during process development, and the process can be validated for their
clearance. This validation includes not only unconjugated polysaccharide and protein but also
buffers, salts, small-molecule reaction components, and by-products generated during
conjugation. Provided that consistent levels of residual solvents are recovered, such testing
may serve as an in-process control.

Sterility or Bioburden

Depending on the manufacturing process, the monovalent conjugate bulks should be tested for
bioburden or sterility. If the monovalent conjugate bulks are subjected to additional process
steps with no process holds, in some cases it may be appropriate to perform the sterility or
bioburden test at a downstream step.

Bacterial Endotoxins

The monovalent conjugate bulks must be tested for bacterial endotoxins. If the monovalent
conjugate bulks are subjected to additional process steps with no process holds, in some cases
it may be appropriate to perform the endotoxin test at a downstream step.

FORMULATED AND ADJUVANTED (IF APPROPRIATE) CONJUGATE BULKS

Monovalent conjugate bulks can be individually adsorbed and formulated as monovalent bulks
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before mixing during preparation of the final vaccine.

Adjuvant Content

If an adjuvant has been added to the conjugate bulk, its content should be determined by an
appropriate method. If aluminum is used as an adjuvant, typical maximum values are 0.85 mg of
aluminum per dose, although higher limits up to 1.25 mg of aluminum per dose may be accepted
if justified, and lower limits may apply according to governing agency requirements.

Polysaccharide Content

Assessment of polysaccharide content can be required but is often difficult at this stage
because of the presence of adjuvants or excipients. Several methods are available and are
suitable for use in determining the polysaccharide concentration. These include: colorimetric
methods such as the phenol–sulfuric acid, orcinol, and anthrone–sulfuric acid assays; and post-
hydrolysis monosaccharide analysis by HPAEC-PAD, HPLC-FD, or GC. Suitable immunological
methods include ELISA or rate nephelometry. If possible, the same method must be used for
both this step and the conjugate bulk step. The choice of method should be based on
precision, accuracy, and specificity. Interference from the matrix must be avoided. Additionally,
the chemistry of the polysaccharide antigen should also be considered when analysts select
the method.

Free (or Unconjugated) Polysaccharide

Free polysaccharide content must be measured as a release test for monovalent formulated
bulk if the free polysaccharide cannot be accurately or precisely measured in the final product.
For most applications, polysaccharide testing is a marker of consistency; i.e., it is monitored for
each bulk in order to establish production consistency. The test may be omitted when
manufacturing consistency has been demonstrated, or the test can be used as an in-process
control. If free polysaccharide could be adsorbed on adjuvant, a desorption step using, for
example, phosphate buffer, may be required. The unconjugated polysaccharide must be
separated from adsorbed and nonadsorbed conjugated polysaccharide. Adsorbed conjugate can
be removed by centrifugation, and nonadsorbed conjugate can be eliminated
chromatographically; by chemical precipitation of the conjugate with acid or detergent
precipitation or aluminum adsorption; by immunochemical precipitation with anti–carrier
antibodies; by capillary electrophoresis; or by gel or membrane filtration or ultrafiltration. The
amount of free polysaccharide then can be quantitated using the same method that was used
to quantitate the total polysaccharide level if the latter is sufficiently sensitive and accurate.
Quantitative tests for polysaccharide include colorimetric methods such as the phenol–sulfuric
acid, orcinol, and anthrone–sulfuric acid assays; and monosaccharide analysis following
hydrolysis by HPAEC-PAD, HPLC-FD, or GC. Suitable immunological methods include ELISA or
rate nephelometry. 
Results should be expressed as the percentage of unconjugated polysaccharide vs. the total
content experimentally determined, or, if this value cannot be determined experimentally, it may
be possible to calculate it from a theoretical value. 
The level of unconjugated polysaccharide must be measured during stability studies because
deconjugation is a potential degradation mechanism.

Level of Adsorption to Adjuvant
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The level of adsorption in monovalent formulated bulks must be performed as a release test if it
cannot be performed on the final product. If it is not a release test then the adsorption test is
a marker of consistency, and the test is performed on each bulk in order to establish production
consistency. After consistent production has been demonstrated, the test can be omitted. 
After product centrifugation, nonadsorbed conjugate is quantified in the supernatant. The
adsorbed conjugate then is quantified by a suitable validated method, which can be the same
test used for the total conjugate content. If the physical or chemical method used for the
quantification is not specific for the conjugated form of the saccharide, the amount of free
polysaccharide is subtracted from the total polysaccharide in order to determine the quantity of
adsorbed conjugate. Otherwise an immunologically specific method can be used (e.g., ELISA).
Results can be expressed as the percentage of nonadsorbed conjugate vs. the total content
experimentally determined. If it is not possible to determine the amount of nonadsorbed
conjugate experimentally then it may be possible to calculate it from a theoretical value. The
level of adsorption to adjuvant must be measured during stability testing.

Sterility

The sterility of each lot should be measured according to procedures described in 71  and 21
CFR 610.12.

KEY QUALITY PARAMETERS FOR CONJUGATE VACCINE DRUG PRODUCT

Description and Solubility

Each container in each final fill or drug product should be inspected visually (manually or with
automatic inspection systems), and containers that show abnormalities such as improper
sealing, lack of integrity, or turbidity should be discarded. Similarly, the presence of clumping or
particles may indicate a product failure.

Polysaccharide Identity

Polysaccharide identity tests confirm that the correct antigen was used during the
manufacturing process. Polysaccharide identity should be confirmed using a suitable
immunological or physicochemical method, e.g., ELISA, immunoblots, or rate nephelometry. The
specificity of the test method must be ensured by use of appropriate reagents. Acceptable
specificity must be demonstrated, and tests must show that the carrier protein does not
substantially interfere with the identification of the polysaccharide. Assays based on hydrolysis
and chromatographic identification of saccharide components (e.g., HPAEC) after
polysaccharide hydrolysis may be acceptable.

Polysaccharide Quantity

Typically, monovalent conjugate vaccines contain 10 µg of saccharide, and multivalent
vaccines contain between 1 and 10 µg of each serotype or serogroup per single human dose.
Assessment of the content of polysaccharide may be difficult because of the presence of
adjuvant or excipients, especially when multiple components are present. The amount of each
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polysaccharide may be required in order to calculate the free polysaccharide content and the
proportion of unadsorbed conjugate, or this information may be used during processing of the
vaccine's final formulation. Polysaccharide quantity or concentration must be confirmed for all
types of monovalent conjugates because it is directly related to the product dose. A variety of
methods are available and suitable for use in determining the polysaccharide concentration (see
discussion of polysaccharide quantitation in the Drug Substance section above).

Carrier Protein Identity (If Appropriate)

Depending on the nature of the manufacturing process and the manufacturing controls, if the
identity of the carrier protein has not been confirmed at an earlier stage, it may be necessary
to do so before product release. For example, an identity test for the carrier protein could be
necessary during the manufacturing process for a multivalent product for which different
antigens are conjugated to different carrier proteins within the same facility. Carrier protein can
be identified using an immunological method such as an immunoblot or ELISA, or using an
appropriate chemical method such as peptide mapping. If appropriate, the carrier's identity can
be evaluated in the same assay used to identify the polysaccharide.

Molecular Size (If Feasible or Appropriate)

If the molecular size distribution has not been established for the individual monovalent bulk
conjugates used in the drug product formulation, the molecular size distribution of the
conjugates must be determined in the final fill or drug product. The molecular size of the
conjugate is a key indicator of process consistency. The average molecular size and the size
distribution should be measured using appropriate sizing methods such as SEC, HPSEC, HPSEC
with static light scattering or RI detection, analytical ultracentrifugation, or dynamic light
scattering. The choice of the method should be based on the expected size of the conjugate
and the availability of a chromophore or fluorophore for detection. In the case of molecular size
distribution determinations at the final fill or in drug products composed of multivalent
polysaccharides, serotype-specific detection methods may be required for the individual
monovalent conjugates. Molecular size is a sensitive indicator of conjugate stability, and, where
possible, it should be measured during stability studies.

Proportion of Free (or Unconjugated) Polysaccharide

To measure the level of unconjugated polysaccharide, analysts must separate the
unconjugated polysaccharide from the adsorbed and nonadsorbed conjugated polysaccharide
and interfering substances. If unconjugated polysaccharide may be adsorbed to adjuvant, prior
desorption with, for example, phosphate buffer is required. Methods for separation and
measurement of conjugated and unconjugated polysaccharide are described above in
Formulated and Adjuvanted Conjugate Bulks. The level of unconjugated polysaccharide is a
stability-indicating measurement because deconjugation is a potential degradation mechanism
and should be measured during stability studies. However, assessing the level of unconjugated
polysaccharide and the stability of complex multivalent products is technically demanding, and
alternative approaches to assessing antigen integrity include molecular size, O-acetyl content,
or immunological measurement. Specific assays may provide partial but overlapping information
and should be matched to the product. Free saccharide data obtained for individual monovalent
conjugates may also prove valuable and predictive.
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pH, Osmolarity/Isotonicity, and Excipients

If the vaccine is a liquid preparation, the pH and osmolarity/isotonicity of each final lot should
be tested and shown to be within the pre-approved specifications. For a lyophilized
preparation, the pH should be measured after reconstitution with the appropriate diluent.
Residual moisture in lyophilized products should be determined. See comments above regarding
excipient functionality.

Adjuvant Quantities (If Appropriate)

If an adjuvant has been added to the conjugate bulk, its content should be determined by an
appropriate method. If aluminum compounds (such as aluminum hydroxide or hydrated aluminum
phosphate) are used as adjuvants, the amount of aluminum should not exceed 1.25 mg per
single human dose or as otherwise required by the governing agency (see also 21 CFR 610.15).

Antimicrobial Preservative (If Appropriate)

During product development manufacturers should consider the stability of the chosen
preservative and possible interactions between the vaccine components and the preservative.
If a preservative has been added to the vaccine, the content of preservative should be

determined by an appropriate method (see Antimicrobial Agents—Content 341 ). The amount
of preservative in the vaccine dose should be shown neither to have any deleterious effect on
the antigen nor to impair the safety of the product in humans. If present, the amount must be
NLT the minimum amount shown to be effective and typically should be NMT 120% of the
amount stated on the label.

Moisture Content (Lyophilized Products)

If the vaccine is freeze-dried, the average moisture content should be determined by an
appropriate method. Values should be within limits established during the product's stability
studies. Typically, the average residual moisture content should be NMT 2.5%, and no vial
should be found to have a residual moisture content of 3% or greater.

Sterility

The sterility of each lot should be determined according to procedures described in 71  and
21 CFR 610.12.

Pyrogens and Endotoxins

Endotoxin (see 85 ) content or pyrogenic activity (see 151 ) should be within approved
product specifications.

Diluent for Reconstitution of Lyophilized Vaccines

Manufacturers should generate data that show that adventitious microbial contamination does
not grow under the reconstitution conditions (e.g., with diluents that will be used for
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reconstitution) or under specified storage conditions. A preservative is not normally required for
single-dose vials when the product will be used soon after reconstitution, but multidose vials do

require preservatives. Testing in alignment with 51  is recommended to demonstrate
acceptability, but testing may not be required routinely after process control and consistency
have been established.

General Safety or Abnormal Toxicity

The general safety or abnormal toxicity for vaccines should be established by appropriate
evaluation and should be consistent with levels found to be acceptable in vaccine lots that
were used in clinical trials.

BRIEFING

1240  Virus Testing of Human Plasma for Further Manufacture. Human-plasma-
derived products are manufactured from donated human plasma and include many
therapeutically important medicines. The scope of this new general information chapter is virus
testing performed on human plasma for further manufacture of pharmaceuticals. The chapter
also contains an Appendix with regulatory guidances and references that support the
recommendations.
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Add the following:

1240  VIRUS TESTING OF HUMAN PLASMA FOR FURTHER MANUFACTURE

SCOPE

The scope of this chapter is limited to the virus testing performed on human plasma for the
further manufacture of pharmaceuticals, which are referred to as plasma-derived products (see

Virology Test Methods 1237  for virus testing of other therapeutic products). These types of
plasma include either source plasma collected by apheresis or recovered plasma obtained from
whole blood collection or as a byproduct in the production of blood components. In all cases,
the source material is obtained through voluntary donations. The following topics are
specifically excluded from the scope of this chapter:

Virus testing of nonhuman blood or plasma; for example, fetal bovine serum (see Bovine

Serum 1024  for more information on testing this material), which may be used in the
production of biological or recombinant therapeutics
Virus testing of human-derived whole blood, blood components used for transfusion, and
materials in tissue and organ banks
Testing for nonviral organisms; for example, bacteria, fungi, and parasites (some of

these topics are discussed in Sterility Tests 71 ), or the causative agent of
transmissible spongiform encephalopathy.

2S (USP37)
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This chapter introduces the virus testing that is performed on plasma used for the production
of therapeutic proteins. Topics that are addressed include:

1. The rationale for implementing tests for viruses
2. The types of testing applied to plasma donations destined for further manufacture
3. The current regulatory environment for such virus testing

The chapter also includes an Appendix that contains pertinent regulatory guidances and
supporting references.

INTRODUCTION

Human-plasma-derived products are used to treat coagulation disorders, primary immune

deficiency, and congenital emphysema as well as other diseases (see Human Plasma 1180 ).
Because these products are manufactured from pooled human plasma donations, the presence
of blood-borne viral pathogens from individual plasma donations can potentially contaminate the
resulting final products manufactured from a large pool of donations and thus transmit the virus
to many recipients. Sufficient measures must be taken to ensure that these products are as
safe as possible. In order to minimize the risk of transmission of viruses by these products,
manufacturers use several strategies, which include:

Selection and management of the donors (see also 1180 )

Selection and management of donations or units (see also 1180 )
Testing for infectious viral pathogens in plasma in the form of samples of individual or
pooled donations and fractionation pools (defined for the purposes of this document as
the first homogenous pool or early production intermediate suitable for testing and
representative of the material to be used for product manufacturing)
Donor-screening methods also include a look-back procedure for the quarantine and

destruction of unused, previously donated units from an infected donor (see also 1180

)
Incorporation of validated virus inactivation and removal steps (pathogen-reduction
steps) into the manufacturing processes
Monitoring and investigating adverse events in recipients of final products, both

hemovigilance and pharmacovigilance (see also 1180 ).

Plasma used for further manufacture can be either source plasma or recovered plasma. In the
United States, licensed human plasma products are derived mainly from source plasma. Because
plasma for further manufacture is obtained by pooling a large number of donations, there is a
risk of viral contamination of the pool, thus resulting in a much higher potential risk of virus
transmission to multiple recipients than is the case for blood for transfusion. The manufacturing
process, which is used to purify and concentrate the desired protein, is not capable of
completely removing the viral load, and therefore validated virus-reduction steps capable of
effectively reducing transfusion-transmissible viruses in the starting material are included in the
manufacturing process. A detailed discussion of virus inactivation and removal procedures for
pathogen reduction can be found in the 2004 WHO Technical Report Series 924 cited in the
Appendix. 
Approaches for screening plasma for further manufacture can be categorized into two groups:
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donor-screening and in-process testing methods. The donor-screening method takes into
account not only the plasma-derived end product but also the plasma donor. This category of
testing typically is required for blood-transmissible viruses such as human immunodeficiency
virus (HIV), hepatitis C virus (HCV), and hepatitis B virus (HBV). Virus transmission is a major
public safety concern, because infections with these viruses typically progress to chronicity.
During donor screening the objectives of the test laboratory or manufacturer are not only to
identify positive units for destruction before production pooling but also to identify and notify
infected donors. Donors who test positive for HCV or HIV are permanently deferred from
donating both blood and plasma. Although fewer than 5% of HBV-infected adults develop
persistent asymptomatic infection (i.e., a carrier state), HBV-positive donors are deferred
permanently. Collection of source plasma from donors who are convalescing from HBV is
sometimes permitted for further manufacturing into plasma-derived products such as Hepatitis B
Immune Globulin (Human) [21 CFR 610.41(3)]. 
In contrast to viruses that are associated with donor screening, viruses such as hepatitis A
virus (HAV) and parvovirus B19 (B19V) usually cause self-limiting infections in
immunocompetent individuals, and thus manufacturers use in-process nucleic acid amplification
technology (NAT) testing that results in only the removal of plasma units with high levels of
virus before pooling for production. In these cases, there is no donor-management procedure
and hence no requirement to inform the donor of the result. This approach focuses primarily on
the product, not the donor, because some recipients of these products are susceptible to an
infection that may occur if the pathogens were present in the plasma-derived product. Donor
and donation-management procedures are well developed in the blood and plasma industry, and

more details on these specific topics can be found in 1180 . Other permanent or temporary
donor-deferral criteria are in place to avoid donations from potentially infected donors based on
the epidemiological surveillance of a country or region for transfusion-transmissible infections. 
Viruses that greatly affect public health, such as HIV, HBV, and HCV, are detected by
serological assays that measure either a viral antigen, such as hepatitis B surface antigen
(HBsAg), or an antibody, such as anti-HCV or anti-HIV antibodies, in infected donors and
associated donations. These immunoassays for detecting viral markers in plasma donations
must be sensitive and able to detect a viral infection as early as possible following infection in
order to identify and exclude potentially infectious donations. 
There is a finite time period between the infection of a donor and the time at which the test
method can detect the antibody response to the virus, the viral antigens, or the viral nucleic
acid. This window period varies from disease to disease as well as from person to person. The
window period can be effectively “shortened” by changing from a test based on detecting
antibodies to one based on detecting the virus directly, namely the viral antigen or, especially,
the viral nucleic acid (see Figure 1), thereby interdicting donations that contain transfusion-
transmissible viruses. Tests for detecting the viral nucleic acids (i.e., NAT tests) were
introduced in the 1990s. NAT tests are sensitive and can considerably shorten the window
period (see Figure 1). In a later development after B19V transmission incidents involving
plasma-derived products, NAT tests were initiated to interdict high-titer donations, thereby
decreasing the B19V virus load in manufacturing pools.
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Figure 1. Dynamics of virus replication and detection of an infection.

Both source plasma and recovered plasma are tested by serological and NAT tests that are
approved by competent regulatory authorities or, in the case of in-process testing, are
validated to manufacturers' requirements. Plasma units found acceptable by these tests are
combined into large pools, called fractionation pools, for manufacturing of plasma-derived
products. The fractionation pool size can vary from several hundred donations (typically used
for the production of specific immunoglobulins) to several thousand donations (used, for
example, for the manufacture of albumin). Finally, the fractionation pools are retested for the
target viruses. Testing of the plasma donations and the fractionation pools are two of the
elements that manufacturers put into place to maintain the safety margins of these products.
Serology testing is performed on the individual donations. In contrast to serology tests, current
NAT tests are highly sensitive and specific; therefore, manufacturers, in addition to testing
individual donations, test minipools made up of equal volumes of each donation. Currently, the
minipool size used for NAT testing varies from 6 to 512 donations. The high sensitivity of NAT
tests also allows earlier virus detection compared to an antigen- or antibody-based test. 
Plasma-derived products are produced from tested fractionation pools and are further
manufactured by using a combination of fractionation and purification steps. These steps may
have some inherent potential to remove or inactivate viruses and thus reduce viral
contaminants that may have been present in the starting plasma. Nevertheless, manufacturing
of plasma-derived products also includes dedicated steps designed solely to inactivate or
remove (e.g., by virus filtration) potential viral contaminants.

RATIONALE FOR VIRUS TESTING OF PLASMA FOR FURTHER MANUFACTURE

Historically, virological test methods have been used for detecting viral antigen or antibodies in
clinical settings for disease diagnosis, intervention, and containment. Subsequently, these
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methods were adapted to screen blood and plasma donations with high sensitivity and
specificity for transfusion-transmissible viruses. In order to develop a new virus screening test,
scientists must know the biochemical properties of a new emerging pathogen (e.g., the nucleic
acid sequence) for the development of an NAT test or the protein (e.g., antigen) for
immunological tests. When implementing such a test for a given pathogen, the public health
implications of positive test results and the potential for early intervention and treatment of the
disease have to be considered. In addition, the availability of plasma for further manufacture
and the effects of the virus on the safety of the finished product should be taken into
consideration. 
The emergence of a viral pathogen in the donor population could result in a considerable virus
load in the plasma donations and in the resulting fractionation pools. For viruses such as HBV,
HCV, HIV-1, and HIV-2 that can cause chronic diseases with potential public health effects, all
donations positive for one or more of these viruses, irrespective of the virus titer, must be
removed, and the donor must be informed. Some viruses such as B19V are prevalent in the
population (as many as 1 in 5000 individuals may be infected during an epidemic period) and
can be present at high virus titers in infected individuals. Thus, the removal of all B19V-positive
donations could lead to a shortage of plasma. Instead, in-process testing is done to interdict
high-titer donations and thereby limit the B19V load in the manufacturing pool. The rationale for
such screening is that B19V causes a self-limiting infection in most immunocompetent
individuals. Following recovery, such individuals have neutralizing antibodies to B19V.
Seroconversion occurs early in life, because B19V infection is common in childhood, and
approximately 50% of 15-year-old adolescents have B19V antibodies. Infection of susceptible
individuals continues throughout adult life, and B19V seroprevalence increases with age. The
B19V neutralizing antibodies present in a plasma pool and the virus reduction steps included in
the manufacturing process ensure that the inclusion of such donations does not compromise
either the safety of the plasma-derived products or the availability of plasma for further
manufacture. 
In some instances it may not be necessary or feasible to test for a blood-borne virus. For
example, testing of plasma for cell-associated viruses such as Human T Lymphotropic Virus
(HTLV) types I and II, which present with no or with only limited virus load in plasma (but with
a considerable virus load in whole blood donations) is not required. Similarly, testing for West
Nile Virus (WNV), a member of the Flaviviridae family, is unnecessary because the virus load is
low during the asymptomatic window period, the prevalence in the donor population is low
(resulting in a low virus load in a plasma pool for fractionation), and WNV can be effectively
inactivated by the manufacturing process as demonstrated by validation studies using relevant
Flaviviridae model viruses. Therefore, WNV NAT testing for plasma (source and recovered) for
further manufacture is not required. However, in the United States, the Food and Drug
Administration (FDA) recommends WNV NAT testing for blood and blood components for
transfusion because of the epidemiological situation and the risk of WNV transmission by blood
components. 
Other pathogenic viruses such as influenza viruses and severe acute respiratory syndrome
coronavirus (SARS-CoV) are associated with clinical disease after a short incubation period and
have a low or no virus load during the asymptomatic window period. No transmission by blood
transfusion or plasma-derived products has been reported for these viruses. Furthermore, the
manufacturing process for plasma-derived products has been shown to effectively inactivate
influenza viruses. Therefore, NAT testing of plasma is not required for these viruses. 
For a virus with a high prevalence in the donor population but without known clinical
implications, no screening program, neither NAT nor serology, is required because the majority
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of donors would no longer be eligible to donate, thereby threatening the supply of blood and
plasma and of plasma-derived products. Viruses that fall in this category are Torque Teno Virus
(TTV), which is present in greater than 80% of the general population, and GB virus C (GBV-C,
previously known as hepatitis G virus, HGV). 
Newly emerging pathogens such as hepatitis E virus (HEV) can potentially enter the blood and
plasma donor population, resulting in viral infections in recipients of blood and plasma-derived
products. Monitoring the emergence of such agents is a continuous effort that involves
academia, public organizations that monitor health and develop early warning systems,
regulatory agencies, and industry. Currently, several epidemiological surveillance systems are in
place and include hemovigilance or biovigilance to address the potential risk of emerging
pathogens to the recipients of blood and plasma-derived products. This risk can be mitigated
by appropriate measures, such as donor deferral because of geographic risk and risk behaviors,
the testing of donations if appropriate, and the inclusion of virus-reduction steps for a wide
range of enveloped and nonenveloped viruses during the manufacturing process.

APPROACHES TO TESTING

Virological screening assays are designed to detect antibodies, antigens, or nucleic acid
sequences of the infectious virus via serological and NAT testing. Sensitive virological test
methods are a prerequisite for the quality control of fractionation pools in order to interdict and
discard infected donations before manufacturers process these donations into pools to produce
plasma-derived products. 
All assays used to screen blood or plasma donations should be designed for their intended use
and should meet the performance requirements specified by the Clinical and Laboratory
Standards Institute (CLSI) guidelines for qualitative and quantitative tests. Assays also should
comply with guidance from regulators, such as the European Common technical specifications
for in vitro diagnostic assays (see Appendix). Associated calibrators or control materials must
be traceable to reference material of a higher order or to reference measurement procedures.
The Appendix includes FDA guidance documents pertaining to the manufacture and clinical
evaluation of these assays and the use of controls. U.S. and EU requirements or
recommendations for tests for screening plasma for further manufacture are described in the
Regulatory Environment section.

Serological (Immunological) Assays

Serological assays detect antibodies, antigen, or a combination of both. Antibody-detection
assays usually are performed by incubating an immobilized virus antigen (virus lysate or, more
common currently, virus proteins produced by recombinant protein technology) with a plasma
sample. If antibodies specific to the viral protein are present in the sample, they bind to the
target antigen. The virus-specific, bound antibody is in turn incubated with a labeled secondary
antibody that is specific for the virus-specific, bound antibody. The label yields a signal that
then is detected. Alternatively, for the measurement of a viral antigen present in a sample,
immobilized antibodies specific for the viral antigen first are incubated with a plasma sample, a
labeled antibody (often a monoclonal antibody) against the virus protein is added, and the
mixture is incubated. For more details about these assays, see Immunological Test Methods—

Enzyme-Linked Immunosorbent Assay (ELISA) 1103 .
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Nucleic Acid Amplification Technology Tests

NAT is a collective term for the various methods that are used to amplify and detect the
specific genomic sequences in various sample types. These methods include polymerase chain
reaction (PCR), transcription-mediated amplification (TMA), and branched DNA (bDNA) and are

detailed in Nucleic Acid-Based Techniques—General 1125 , Nucleic Acid-Based Techniques—

Extraction, Detection, and Sequencing 1126 , and Nucleic Acid-Based Techniques—

Amplification 1127 . NAT tests typically use gene-specific oligonucleotides (e.g., primers,
probes), enzymatic amplification reagents (e.g., buffers, nucleotides, enzymes, cofactors), and
a method that allows the detection of the resulting amplification products. Currently, NAT tests
for HBV, HCV, HIV, B19V, and, in some cases, HAV, are used to screen plasma for further
manufacture. 
For high-throughput testing, which is desired for the testing of plasma donations used for
further manufacture, NAT offers distinct advantages over serological testing. First, because of
the high sensitivity of these methods, samples of plasma donations can be combined into pools
(minipools) that allow simultaneous testing of multiple samples, in contrast to serological assays
that are performed on individual samples. Although the operational logistics used in donation
minipool testing are more complicated than those involved in testing individual donations, the
minipool approach generally allows an improved turnaround time for the release of negative
samples compared to the traditional nonpooling method. A reactive minipool is deconstructed to
identify any positive donation(s). However, because of the dilution of virus in any given
donation, minipool testing has an inherently decreased sensitivity compared to individual
donation testing. 
Table 1 summarizes the potential viral load, which could be avoided by NAT testing, in a
fractionation pool caused by the inclusion of a single serological-window-period donation for the
five major transfusion-transmitted viruses.

Table 1

Virus
Potential Viral Load in Fractionation Pool Caused by Contamination with

One Window-Period Donation (Approximate Values)a

HBV 8 ×105 IU

HCV 8 ×1010 IU

HIV-1 8 ×109 IU

HAV 8 ×109 IU

B19V 8 ×1014 IU

a  Assuming one plasma donation is approximately 800 mL. References supporting these values
are found in the Appendix. 

REGULATORY ENVIRONMENT

Regulatory agencies have the goal of ensuring that plasma-derived products are safe with
respect to risk from blood-borne pathogens. In addition to regulating the final products,
regulators also oversee the assays used to test for infectious agents and set policies about
how those tests will be used. Although regulatory agencies in the United States and Europe
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share the common goal of safety, they use different legal structures and strategies. In general,
the hierarchy of regulatory documents is similar. Both start with laws that set the definitive
requirements for donor selection and plasma screening. 
In the United States, the primary laws that regulate plasma-derived products and the assays
that test their safety are the Public Health Service (PHS) Act and the Federal Food, Drug, and
Cosmetic (FD&C) Act. The PHS Act addresses biologics and communicable disease controls, and
the FD&C Act addresses drugs and medical devices. Donor-screening tests are licensed under
the PHS Act rather than being cleared or approved under the medical device provisions of the
FD&C Act. Testing requirements for communicable disease agents, including viral pathogens
such as HBV, HCV, and HIV, are required under 21 CFR, including not only test requirements (21
CFR 610.40) but also donor deferral (21 CFR 610.41) and look-back requirements (21 CFR
610.46 through 610.48). If a plasma or blood donation is reactive in one of the screening tests,
especially in the donor-screening tests for HBV, HCV, or HIV, supplementary or confirmation
tests should be conducted to clarify whether the donor is infected [21 CFR 610(b)]. The donor
must be informed (21 CFR 630.6) and should be excluded from donating blood or plasma
(temporarily or permanently according to 21 CFR 630.6), and manufacturers should initiate a
look-back procedure (21 CFR 610.40–48). For HIV and HCV, the procedure includes not only the
quarantine and destruction of unused, previously donated units from an infected donor, but
also the further testing of the donor and notification of the recipients of the blood and blood
components. The look-back period can be as long as 1 year (21 CFR 610.46–48). 
The responsibility for legislation of the European Union (EU) is shared between the EU and the
European Member States. The European Commission (EC) is responsible for the regulation of the
common European market and thus is responsible for medicinal products for human use,
whereas the Member States are responsible for health care, which includes the supply of
hospitals with blood components such as plasma and cellular components for transfusion.
Because the EC is responsible for the regulation of medicinal products derived from human blood
or plasma, it is, as a consequence, also responsible for the regulation of plasma for further
manufacture. The laws of the EU are found in regulations and directives from the EC and in the
binding monographs of the European Pharmacopoeia. 
Additional tests and specifications for plasma for further manufacture have been developed as
a voluntary industrial standard by the Plasma Product Therapeutics Association (PPTA). The
PPTA Quality Standard for Excellence, Assurance, and Leadership (QSEAL) includes additional
routine testing of blood and plasma donations or plasma pools for HCV RNA, HIV RNA, HBV DNA,
and B19V DNA. Companies certified by PPTA under the QSEAL program have implemented this
testing.

Testing of Plasma for Further Manufacture

In the United States, all virus tests intended for donor screening, such as HBV, HCV, and HIV,
are regulated as biologics and are subject to clinical validation and licensure by FDA's Center
for Biologics Evaluation and Research (CBER). Clinical specificity must be evaluated and
demonstrated with healthy donors and follow-up testing when applicable, and clinical sensitivity
should be evaluated and demonstrated with high-risk donors and follow-up testing. Use of
reference panels (from FDA or a designated source) is needed for release of each lot of kits
intended for market distribution. In-process tests such as NAT testing for HAV or B19V do not
require clinical trials to demonstrate assay effectiveness. However, the manufacturers of
plasma-derived products should perform preclinical validation and should submit data for review
and approval by CBER as analytical procedures for plasma-derived products. 
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In the European Union, donation screening tests are regulated as medical devices. Specifically,
Directive 98/79/EC outlines requirements for the approval of tests or test kits, which require
the CE mark before marketing and use for testing. The CE mark confirms that the test or the
test kit meets specified quality criteria. Screening tests for manufacturing pools must be
validated by the end user following specific guidelines. As in the United States, in-process tests
are not licensed, and the end user is responsible for validating the test. 
In Europe, in addition to virus screening of plasma pools by the manufacturers of plasma-
derived products, screening for defined viruses is part of the official batch-release procedure.
The EC and the Council of Europe agreed in May 1994 to create a network of Official Medicines
Control Laboratories (OMCLs). The OMCLs perform tests on each batch of plasma-derived
medicinal product, including virus testing of the fractionation pool used to produce the batch.
All required tests are performed and documented in the European Batch Release Certificate that
is accepted by each Member State as the basis for placing the product on the market. In order
to comply with the sensitivity limits set for NAT testing, minipools of various sizes (6–512
donations) are tested by the manufacturer or by the blood donation centers where the
collection and testing of blood or plasma is performed. Only donations that meet the
requirements are used for pooling.

Serological Tests

FDA REQUIREMENTS OR RECOMMENDATIONS

An individual donation of source plasma or recovered plasma derived from whole blood must be
tested for HBsAg, anti-HIV-1, anti-HIV-2, and anti-HCV, but not for anti-HBc, anti-HTLV-I, and
anti-HTLV-II by FDA-licensed serological tests intended for donor screening (Table 2). A
reactive donation must be further tested by a supplemental (i.e., additional, more specific) test
that has been approved for such use. Even with the implementation of corresponding NAT
tests, serological testing of each donation still must be performed. 
Currently, FDA recommends using licensed donor-screening kits that are capable of detecting
anti-HBsAg, the antibody capable of neutralizing HBV, at 0.5 ng/mL or less. Whole blood
sometimes is tested for anti-HBc, but because anti-HBsAg often occurs with anti-HBc, plasma
for further manufacture is not required to be tested for anti-HBc. Therefore, although
recovered plasma is derived from whole-blood donations that might have been tested for anti-
HBc, it can be shipped for further manufacturing regardless of the test results. 
FDA first recommended standardized anti-HIV-1 donor-screen tests in 1989 in a draft Points to
Consider document that described test kit manufacture and the preclinical and clinical studies
needed for licensure, and this recommendation generally can be applied to other serological
tests. Since the availability in 1991–1992 of licensed serological kits for simultaneous detection
of antibodies to HIV-1 and HIV-2, FDA further recommends the use of either a licensed
combined test or two separate licensed tests for donor screening. 
FDA licensed an anti-HCV test containing multiple recombinant antigens in 1992, and a
subsequent guidance recommended that all donations for blood and blood components intended
for transfusion and source plasma intended for further manufacture be screened by an FDA-
licensed test for anti-HCV.

EU REQUIREMENTS

Requirements for collection of blood and plasma, for selection of donors, and for testing of
donations in Europe were released in 2003. Directives 2002/98/EC and 2003/63/EC contain
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donor-selection criteria and testing requirements for blood and plasma independent of its use.
The requirements of the directives are standards for plasma for further manufacture but can be
extended by a Member State for the regulation of blood components. An overview is provided in
the Reports of the European Committee (Partial Agreement) on Blood Transfusion (CD-P-TS).
The report indicates that in addition to the serological standard tests that are obligatory for
the testing of plasma for fractionation (summarized in Table 2), testing for HIV antigen, anti-
HBc antibodies, HCV antigen, anti-HTLV-I, and anti-HTLV-II antibodies is required in some
Member States, and testing for antibodies against cytomegalovirus is performed in certain
cases. However, these additional rules are applicable only if blood components for transfusion
(erythrocytes, platelets, or plasma) are produced. 
The test regime required for donations used for production of plasma derivatives are
summarized in the Ph. Eur. monograph Human Plasma for Fractionation (0853). Only licensed
tests or test kits can be used for donor screening. Licensed tests have a CE mark, which
confirms that the quality of the test meets predefined criteria (e.g., an HBV screening test
must detect HBsAg in a concentration of 0.5 ng/mL or less). The most important quality
attributes, namely specificity and sensitivity, are tested in clinical trials using donor samples
(minimum of 5000 samples) and clinical samples (minimum of 200 samples). Sensitivity of the
tests must be demonstrated with positive samples (minimum of 400 samples) and with
seroconversion panels (minimum of 20 panels). 
HBsAg tests and antibody tests against HIV Types 1 and 2 also are used for the testing of
fractionation pools. The plasma manufacturer should demonstrate that the test is qualified for
this use and meets the requirements laid down in the appropriate guidelines of the European
Medicines Agency. 
The current test regime is discussed regularly among EU Member States and may be subject to
change if necessary because of the epidemiological situation. If changes in the requirements
are made, the Ph. Eur. monograph Human Plasma for Fractionation (0853) and the product-
specific monographs will be adopted accordingly (e.g., a change in the monograph Human
Plasma Pooled and Treated for Virus Inactivation (1646) is proposed; it requires testing for HEV
by NAT).

NAT Tests

As described previously, only licensed serological tests that use antibody- or antigen-detection
technology are required to screen plasma in single-donation format. However, NAT testing
generally can detect evidence of viral infection at an early stage, and FDA licensed NAT tests
for HIV-1 and HCV in 2001 for source plasma donors and in 2002 for whole-blood collections.
Thus NAT tests are used to screen plasma donations, generally in a minipool format, using pool
sizes that depend on the analytical sensitivity of the NAT test and, in some cases (HCV and
B19V), the fractionation pool. In general, plasma donations are screened in a minipool format in
which the pool size depends on the analytical sensitivity of the NAT test. The size of the
minipool used for source plasma donations generally is much larger than that for blood donation
testing (as large as 512 compared with 96 for blood donations). The turnaround time required
for retesting a reactive pool in order to identify the reactive donation is less critical for plasma
compared with that for blood for transfusion because some blood components such as platelets
have a short shelf life.

FDA REQUIREMENTS OR RECOMMENDATIONS
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To adequately and appropriately reduce the risk of transmissions of HIV-1, HCV, and HBV, FDA-
licensed NAT tests are required for donor screening. A list of FDA-licensed, donor-screening
NAT tests and serological tests is updated as needed and is available on the FDA website. 
FDA's initial guidance for HIV NAT in 1999 recommended standards for the manufacture and
clinical evaluation of tests to detect nucleic acid sequences of HIV-1 and HIV-2 for licensure.
This guidance provided some of the major regulatory and scientific guidance for NAT assays not
only for HIV but also for other transfusion-transmitted viruses. Since then FDA has revised the
requirements for the analytical sensitivity of HIV-1 and HCV NAT tests as 100 IU/mL for HIV-1
RNA and HCV RNA when tested in a minipool or as 10,000 IU/mL HIV-1 RNA or 5000 IU/mL HCV
RNA when tested in an individual donation. FDA's 2004 guidance on NAT screening of HIV-1 and
HCV in donor whole blood, blood components, and source plasma and a further guidance in
2010 contain recommendations about testing, product disposition, and donor deferral and
reentry. The latter supersedes earlier recommendations for reentry of donor deferral and
reentry because of serological testing results for anti-HIV-1 and anti-HCV. 
The source plasma industry has voluntarily implemented HBV NAT testing in minipool format.
Several FDA-licensed HBV NAT tests for donor screening are available. In 2012 FDA finalized a
guidance recommending the use of HBV NAT on pooled and individual samples from donors of
whole blood and blood components for transfusion or for further manufacture, including
recovered plasma and source plasma. The guidance recommends an NAT test sensitivity of 100
IU/mL for testing individual donations of whole blood and blood components intended for
transfusion. Because of the virus-reduction step(s) used during the manufacturing of plasma-
derived products and the presence of neutralizing anti-HBsAg in the manufacturing pools, FDA
recommends a NAT test sensitivity of 500 IU/mL for individual donations when manufacturers
test minipools of plasma for further manufacture. The guidance also contains recommendations
about product testing and disposition, donor management, methods of donor requalification,
and product labeling. The guidance also supersedes the relevant recommendations based on
HBsAg and anti-HBc serological testing results. 
In 2009 FDA issued a final guidance for B19V NAT testing following a postmarket surveillance
study report of a B19V transmission incident associated with solvent and detergent-treated
(S/D-treated) pooled plasma. The guidance recommends the use of B19V NAT as an in-process
test for plasma for further manufacturing to ensure that the level of B19V DNA in fractionation
pools does not exceed 104 IU/mL. The guidance document recommends that the primers and
probes selected for a B19V NAT test should detect all known genotypes of the virus. The WHO
International B19 Genotype Panel containing three genotypes is available for validation
purposes. Currently, in-process HAV NAT testing is widely implemented by fractionators who
use source plasma as starting plasma, but FDA has not issued a relevant guidance document.
Because the in-process B19V NAT test is used to limit the virus load in the plasma pool, these
tests must be capable of B19V DNA quantitation (unlike the NAT tests for HBV, HCV, HIV, and
HAV, which are qualitative NAT tests).

EUROPEAN REQUIREMENTS

NAT tests used for donor screening are subject to licensing and receive the CE mark if a test
meets the predefined test specifications. NAT tests for plasma pool samples must be validated
according to the Ph. Eur. general test Nucleic Acid Amplification Techniques (20621). Currently,
plasma for manufacture (plasma pools for fractionation) must be tested for HCV RNA by a NAT
test, but there are no requirements for NAT testing for HBV DNA and HIV RNA although most
plasma manufacturers voluntarily test for all three viruses. The guideline requires that a test
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should be able to detect all HCV genotypes. However, in view of the difficulty of obtaining rare
HCV genotypes, it is sufficient that at least the most prevalent genotypes (in Europe,
genotypes 1 and 3) are detected at a suitable level. Plasma should be negative when screened
with a test that can detect a sample containing 100 IU/mL of HCV RNA (calibrated against the
WHO HCV International Standard). 
Testing for B19V DNA generally is not required but must be performed for products that are
seen as a higher risk for patients if this virus is present (e.g., anti-D immunoglobulin products
and plasma that is pooled and inactivated by S/D treatment). In addition, the latter product
also must be tested and found nonreactive for HAV RNA, and in the future it also should be
nonreactive for HEV RNA. Unlike testing for HCV and HAV where the fractionation pool should be
nonreactive for these viruses, for B19V testing the virus load in the fractionation pool and
pooled S/D-treated plasma should not exceed 10 IU/µL B19V DNA. The requirements are
detailed in the product-specific Ph. Eur. monographs. In order to avoid a reactive pool, which
would have to be discarded, NAT testing also is performed on single donations or preferentially
on minipools comprising 16–512 donations. Although the requirement for B19V and HAV NAT
testing is applicable only to plasma used for the manufacture of pooled S/D-treated plasma and
anti-D immunoglobulin products, most plasma manufacturers voluntarily test plasma destined for
manufacture of all plasma-derived products to reduce the virus load in the fractionation pools. 
The current FDA and EU requirements for testing plasma for further manufacture are
summarized in Table 2 and Table 3.

Table 2: FDA and EU Serology Testing Requirements for Plasma for Further Manufacture

Screening Test FDA EU

Serological Testing of Individual Plasma Donations (Recovered and Source)
HBsAg Required Required
Anti-HBc Not required Not

required
Anti-HIV-1/Anti-HIV-
2

Required Required

Anti-HTLV-I/II Not required Not
required

Anti-HCV Required Required
Serological Testing of the Fractionation Pool

HBsAg Not required but widely implemented by plasma
fractionators

Required

Anti-HIV Not required but widely implemented by plasma
fractionators

Required

Table 3: FDA and EU NAT Testing Requirements for Plasma for Further Manufacture
Screening

Test FDA EU

NAT Testing of Plasma Donations in Minipool Format

HIV-1 RNA

Required, using tests with a sensitivity
of 10,000 IU/mL for the individual
donation Not required but widely implemented by plasma fractionators

HCV RNA

Required, using tests with a sensitivity
of 5000 IU/mL for the individual
donation Not required but recommended in order to avoid unnecessary loss of a fractionation pool (see below)

WNV RNA Not required Not required

HBV DNA
Required, using tests with a sensitivity
of 500 IU/mL for the individual donation Not required but widely implemented by plasma fractionators

B19V DNA
Required with a limit of 104 IU/mL
B19V DNA

Required for specific products (anti-D immunoglobulin and pooled S/D-treated plasma); a limit of B19V DNA 10 IU/µL is

required. This limit is voluntarily implemented by most plasma fractionators for all products.

HAV RNA
Not required but widely implemented by
plasma fractionators

Required only for S/D-treated plasma; not required for other products but widely implemented by most plasma fractionators
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HEV Currently not required Testing not yet required; testing requirements will be introduced for a specific product only (pooled S/D-treated plasma).

NAT Testing of the Fractionation Pool

HIV-1 RNA
Not required but widely implemented by
plasma fractionators Not required but widely implemented by plasma fractionators

HCV RNA
Not required but widely implemented by
plasma fractionators Required; the fractionation pool must be nonreactive using a test that detects 100 IU/mL of HCV RNA.

WNV RNA Not required Not required

HBV DNA
Not required but widely implemented by
fractionators Not required but widely implemented by fractionators

B19V DNA
Required; a limit of 104 IU/mL B19V
DNA for fractionation pools is required.

Required for specific products (anti-D immunoglobulin and pooled S/D-treated plasma); a limit of B19V DNA 10 IU/µL for

fractionation pools is required. This limit is voluntarily implemented by most plasma fractionators for all products.

HAV RNA
Not required but widely implemented by
plasma fractionators

Required only for a specific product (pooled S/D-treated plasma); the fractionation pool must be nonreactive using a test that
detects 100 IU/mL.

HEV Not required

Testing not yet required; testing requirements will be introduced for a specific product only (pooled S/D-treated plasma). After
the requirement is implemented, the plasma pool must be nonreactive using a test that can detect 2.5 log10  IU/mL of HEV

RNAa.

a  The new monograph will be implemented soon. See the draft Ph. Eur. monograph
Human Plasma (Pooled and Treated for Virus Inactivation (1640)).
http://pharmeuropa.edqm.eu/TextsForComment/NetisUtils/srvrutil_getdoc.aspx/2L3OqDZGmCLmnDZGsHIveT6q0//1646E.pdf. Accessed 20 February 2013. 

CONCLUSIONS

All the measures discussed in this chapter, along with virus-reduction steps included during the
manufacturing process, ensure the safety of plasma-derived products. However, testing of
plasma for further manufacture is only one of the steps taken to ensure the safety of the final
plasma-derived products. Both manufacturers and regulators face continuing challenges
because of the emergence of new blood-borne viruses, mutants, and variants of existing
viruses. The development of new screening tests and regulatory guidance documents depends
on whether the emerging virus is a risk to the safety of plasma-derived products.

APPENDIX

Regulatory Guidances

FDA. Guidance for industry: use of nucleic acid tests on pooled and individual samples
from donors of whole blood and blood components, including source plasma, to reduce
the risk of transmission of hepatitis B virus.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/UCM327895.pdf.
Accessed 21 February 2013.
21 CFR 610.40–610.48, Part 630 or Part 640.
WHO. Technical report, series 924, annex 4: guidelines on viral inactivation and removal
procedures intended to assure the viral safety of human blood plasma products.
http://www.who.int/bloodproducts/publications/WHO_TRS_924_A4.pdf. Accessed 20
February 2013.
EMEA/CHMP/BWP/706271/2010. Guideline on plasma-derived medicinal products.
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2011/07/WC500109627.pdf.
Accessed 25 February 2013.
FDA. Guidance for industry: nucleic acid testing (NAT) for human immunodeficiency virus
type 1 (HIV-1) and hepatitis C virus (HCV): testing, product disposition, and donor
deferral and reentry.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm210270.pdf.
Accessed 21 February 2013.
PPTA. Quality standards for excellence, assurance, and leadership (QSEAL).
http://www.pptaglobal.org/program/qseal.aspx. Accessed 21 February 2013.
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Council of Europe. Directive 98/79/EC of the European Parliament and of the Council of
27 October 1998 on in vitro diagnostic medical devices. Official 07 December 1998.
Strasbourg, France: EMEA; 1998:1–37.
Council of Europe. Directive 98/79/EC, Annex II List A in combination with Article 9(2),
(3). Strasbourg, France: EMEA; 1998.
Council of Europe. Commission Decision of 7 May 2002 on common technical
specifications for in vitro-diagnostic medical devices (2002/364/EC); Official Journal
L131 of 16/05/2002, p. 17–30. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri=OJ:L:2002:131:0017:0030:EN:PDF. Accessed 25 February 2013.
EDQM. General European OMCL network. http://www.edqm.eu/site/General-European-
OMCL-Network-46.html. Accessed 21 February 2013.
EDQM. Heads of Medicines Agencies (HMA) Working Group on Product Testing. Principles
for mutual recognition of control results.
http://www.edqm.eu/medias/fichiers/NEW_Principles_for_Mutual_Recognition_of_Control_r.pdf. Accessed 21
February 2013.
EDQM. Official Control Authority Batch Release (OCABR) for human biologicals: vaccines,
blood, and plasma derivatives. http://www.edqm.eu/site/Human_Biologicals_OCABR-
611.html. Accessed 21 February 2013.
FDA. Guidance for industry: adequate and appropriate donor screening tests for
hepatitis B; hepatitis B surface antigen (HBsAg) assays used to test donors of whole
blood and blood components, including source plasma and source leukocytes.
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm072543.htm. Accessed 21 February
2013.
FDA. Recommendations concerning testing for antibody to hepatitis B core antigen
(Anti-HBc).
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/OtherRecommendationsforManufacaturers/MemorandumtoBloodEstablishments/ucm062847.pdf

Accessed 21 February 2013.
FDA. Draft of points to consider in the manufacture and clinical evaluation of in vitro
tests to detect antibodies to the human immunodeficiency virus type 1.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm080958.pdf. Accessed 21
February 2013.
FDA. Revised recommendations for the prevention of human immunodeficiency virus
(HIV) transmission by blood and blood products.
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Other RecommendationsforManufacturers/Memorandumto

BloodEstablishments/ucm062834.pdf. Accessed 21 February 2013.
FDA. Revised recommendations for testing whole blood, blood components, source
plasma, and source leukocytes for antibody to hepatitis C virus encoded antigen (anti-
HCV). http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Other

RecommendationsforManufacturers/Memorandumto BloodEstablishments/ucm062832.pdf. Accessed 21 February 2013.
Directive 2002/98/EC of the European Parliament and of the Council of 27 January 2003
setting standards of quality and safety for the collection, testing, processing, storage
and distribution of human blood and blood components and amending Directive
2001/83/EC. OJEU. 2003;L33:30–40. http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri=OJ:L:2003:033:0030:0040:EN:PDF. Accessed 25 February 2013.
Commission Directive 2004/33/EC of 22 March 2004 implementing Directive 2002/98/EC
of the European Parliament and of the Council as regards certain technical requirement
for blood and blood components. OJEU. 2004;L91:25–39. http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2004:091:0025:0039:EN:PDF.
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Accessed 25 February 2013.
EDQM, Council of Europe. The collection, testing, and use of blood and blood
components in Europe. http://www.edqm.eu/medias/fichiers/The_Collection_Testing_and_Use_of_Blood_and_Blood_3.pdf. Accessed 21
February 2013.
EMEA/CHMP/BWP/298390/2005. Guideline on validation of immunoassay for the
detection of hepatitis B virus surface antigen (HBsAg) in plasma pools.
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003704.pdf.
Accessed 25 February 2013.
EMEA/CHMP/BWP/298388/2005. Guideline on validation of immunoassay for the
detection of antibody to human immunodeficiency virus (anti-HIV) in plasma pools.
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003685.pdf.
Accessed 25 February 2013.
FDA. Complete list of donor screening assays for infectious agents and HIV diagnostic
assays.
http://www.fda.gov/BiologicsBloodVaccines/BloodBloodProducts/ApprovedProducts/LicensedProductsBLAs/BloodDonorScreening/InfectiousDisease/ucm080466.htm.
Accessed 21 February 2013.
FDA. Guidance for industry: in the manufacture and clinical evaluation of in vitro tests
to detect nucleic acid sequences of human immunodeficiency viruses types 1 and 2.
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm077067.htm. Accessed 21 February
2013.
FDA. Guidance for industry: use of nucleic acid tests on pooled and individual samples
from donors of whole blood and blood components (including source plasma and source
leukocytes) to adequately and appropriately reduce the risk of transmission of HIV-1
and HCV. http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm074934.htm. Accessed 21
February 2013.
FDA. Recommendations for the management of donors and units that are initially
reactive for hepatitis B surface antigen (HBsAg) [letter].
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/OtherRecommendationsforManufacturers/MemorandumtoBloodEstablishments/ucm063011.pdf

Accessed 21 February 2013.
FDA. Guidance for industry: nucleic acid testing (NAT) to reduce the possible risk of
human parvovirus B19 transmission by plasma-derived products.
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Blood/ucm071592.htm. Accessed 21 February
2013.
FDA, Blood Products Advisory Committee. Nucleic acid testing of blood donors for human
parvovirus B19. http://www.fda.gov/ohrms/dockets/ac/99/transcpt/3548t1b.pdf and
http://www.fda.gov/ohrms/dockets/ac/99/transcpt/3548t1c.pdf. Accessed 21 February
2013.
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BRIEFING

(R)-(–)- -Phellandrene.It is proposed to add this new reagent used in the test for Aroma
Substance Composition in the monograph for Eucalyptus Oil, published elsewhere in this issue of
PF.

(HDQ: M. Marques.)    Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:
(R)-(–)- -Phellandrene ((–)-p-Mentha-1,5-diene, (R)-5-Isopropyl-2-methyl-cyclohexa-1,3-

diene, (R)-5-Isopropyl-2-methyl-1,3-cyclohexadiene),  C10H16—136.23 [4221-98-1]—Use a
suitable grade with a GC chromatographic purity of NLT 95% (sum of enantiomers). 

BRIEFING

(+)- -Pinene. It is proposed to add this new reagent used in the test for Aroma
Substance Composition in the new monograph for Eucalyptus Oil, published elsewhere in this
issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:
(+)- -Pinene ((1R,5R)-2-Pinene, (1R,5R)-2,6,6,-Trimethylbicyclo[3.1.1]hept-2-ene), 

C10H16—136.23 [7785-70-8]—Use a suitable grade with a GC chromatographic purity of NLT
99%. 

BRIEFING

-Pinene. It is proposed to add this new reagent used in the test for Aroma Substance
Composition in the new monograph for Eucalyptus Oil, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:

-Pinene ((±)-2(10)-Pinene, 6,6-Dimethyl-2-methylenebicyclo[3.1.1]heptane), 
C10H16—136.23 [127-91-3]—Use a suitable grade with a GC chromatographic purity of NLT
95%. [Note—A suitable grade is available as catalog number 89335 from www.phytolab.com.] 

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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BRIEFING

Brucine Sulfate, USP 36 page 1149. It is proposed to update the CAS number of this
reagent.

(HDQ: M. Marques.)
Correspondence Number—C131239

Comment deadline: September 30, 2013

Change to read:
Brucine Sulfate, (C23H26N2O4)2·H2SO4·7H2O—1013.11 [5787-00-8]
[60583-39-3]

—Use ACS reagent grade.

BRIEFING

(R)-(+)-Limonene. It is proposed to add this new reagent used in the test for Aroma
Substance Composition in the monograph for Eucalyptus Oil, published elsewhere in this issue of
PF.

(HDQ: M. Marques.)    Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:
(R)-(+)-Limonene ((+)-p-Mentha-1,8-diene, (+)-Carvene, (R)-4-Isopropenyl-1-methyl-1-

cyclohexene), C10H16—136.23 [5989-27-5]—Use a suitable grade with a GC chromatographic
purity of NLT 99% (sum of enantiomers). 

BRIEFING

Sabinene. It is proposed to add this new reagent used in the test for Aroma Substance
Composition in the new monograph for Eucalyptus Oil, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:
Sabinene (Thuj-4(10)-ene, 4-Methylene-1-isopropylbicyclo[3.1.0]hexane, 1-Isopropyl-4-

methylenebicyclo[3.1.0]hexane),  C10H16—136.23 [3387-41-5]—Use a suitable grade with a
GC chromatographic purity of NLT 95%. [Note—A suitable grade is available as catalog number
82342 from www.phytolab.com.] 

BRIEFING

Tetradecylammonium Bromide. It is proposed to add this new reagent used in the Assay
and the test for Organic Impurities in the monograph for Ceftriaxone Sodium.

(HDQ: M. Marques.)    Correspondence Number—C107334

Comment deadline: September 30, 2013

Add the following:
Tetradecylammonium Bromide (Tetrakis(decyl)ammonium Bromide), C40H84BrN—659.01
[14937-42-9]—Use a suitable grade with a content of NLT 99%. 

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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BRIEFING

L81. It is proposed to add this new column used in the Identification test for
chromatographic identity in the monograph for Heparin Sodium.

(HDQ: M. Marques.)    Correspondence Number—C131500

Comment deadline: September 30, 2013

Add the following:
L81—A hydroxide-selective, strong anion-exchange resin consisting of a highly cross-linked

core of 9-µm porous particles having a pore size of 2000  and consisting of ethylvinylbenzene
cross-linked with 55% divinylbenzene with a latex coating composed of 70-nm diameter
microbeads (6% cross-linked) bonded with alkanol quaternary ammonium ions. [Note—A suitable
column is Dionex IonPac AS11-HC available from www.thermofisher.com.] 

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, USP 36 page 1231.

(HDQ.)
Correspondence Number—C130241; C130472

The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:
Vinpocetine Capsules T, LR

Add the following:
Vinpocetine Tablets

T, LR

BRIEFING

Description and Relative Solubility of USP and NF Articles, USP 36 page 1240.

(HDQ.)
Correspondence Number—C88333; C93165; C100714; C127928; C131651; C132241

Add the following:

2S (USP37)

2S (USP37)

2S (USP37)
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Calcipotriene: White or almost white crystalline powder. Freely soluble in alcohol; slightly
soluble in methylene chloride; practically insoluble in water. 

Add the following:
Eucalyptus Oil: Colorless or pale yellow liquid. One mL of eucalyptus oil dissolves in 5 mL of

70% alcohol. Insoluble in cold water. NF category: Flavors and Perfumes. 

Change to read:
Fexofenadine Hydrochloride: White to off-white powder. Freely soluble in methanol;
very

slightly
to slightly

soluble in water; very slightly soluble in acetone.

Change to read:
Glyceryl Behenate: 
[(Title for this monograph—not to change until December 1, 2019.)

(Prior to December 1, 2019, the current practice of labeling the article of commerce with the
name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use of this name will not be mandatory until
December 1, 2019. The 60-month extension will provide the time needed by manufacturers and
users to make necessary changes.)]

Glyceryl Dibehenate: 

Fine powder, having a faint odor. Melts at about 70 . Soluble in chloroform; practically insoluble
in water and in alcohol. NF category: Lubricant; Coating Agent; Suspending and/or Viscosity-
Increasing Agent; Wet Binder.

Add the following:
Ibutilide Fumarate: White to off-white powder. Freely soluble in water; sparingly soluble in

methanol. 

Change to read:
Lauroyl Polyoxylglycerides: Pale yellow , waxy liquids
semi-solids.

Freely soluble in methylene chloride. Dispersible in hot water. NF category: Ointment Base;
Solvent; Emulsifying Agent; Wetting and/or Solubilizing Agent.

BRIEFING

l-Alanyl-l-Glutamine. Because there is no existing USP monograph for this dietary ingredient,
a new monograph is being proposed. The liquid chromatographic procedures in the Assay and
the test for Related Compounds are based on analyses performed with the Spherisorb Amino
(NH2) brand of L8 column. Typical retention times observed for cyclo (ala-gln), alanine,
glutamine, l-alanyl-l-glutamine, l-alanyl-l-alanyl-l-glutamine, and l-alanyl-l-glutamic acid are
6.1, 12.7, 13.7, 21.9, 24.1, and 48.0 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C110586

Comment deadline: September 30, 2013

2S (USP37)

2S (NF32)

2S (USP37)

2S (USP37)

2S (NF32)

2S (NF32)

2S (USP37)

2S (NF32)
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Add the following:
l

-Alanyl-l-Glutamine

C8H15N3O4       217.23 

l-2-(1-Oxo-2-amino-propylamino)-4-amino-4-oxobutanoic acid     [39537-23-0].

DEFINITION

l-Alanyl-l-Glutamine contains NLT 98.0% and NMT 101.5% of l-alanyl-l-glutamine (C8H15N3O4),
calculated on the anhydrous and solvent-free basis, and excluding alanine and glutamine.

IDENTIFICATION

•  A. Infrared Absorption 197A

•  B. It meets the requirements for Optical Rotation, Specific Rotation 781S  in Specific
Tests.

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Related Compounds.

ASSAY
•  Procedure

Sample:  300 mg
Blank:  Mix 5 mL of formic acid with 50 mL of glacial acetic acid.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 5 mL of formic acid, add 50 mL of glacial acetic acid, and
titrate with the Titrant. Perform a Blank determination, and make any necessary
correction. 
Calculate the percentage of l-alanyl-l-glutamine (C8H15N3O4) in the Sample taken:

Result1 = [(VS  VB) × N × (F/W)] × 100

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
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N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 217.2 mg/mEq
W= Sample weight (mg)

Calculate the percentage of l-alanyl-l-glutamine (C11H14N2O4O) in the Sample taken,
excluding alanine and glutamine:

Result2 = [(Result1  a  b)]/[(100  Ala  Gln)] × 100

a = Ala × (Mr1/Mr2)

b = Gln × (Mr1/Mr3)

Ala= percentage of alanine from the Related Compounds test
Gln= percentage of glutamine from the Related Compounds test
Mr1= molecular weight of l-alanyl-l-glutamine, 217.2
Mr2= molecular weight of alanine, 89.1
Mr3= molecular weight of glutamine, 146.1
Acceptance criteria:  98.0%–101.5% on the anhydrous and solvent-free basis, and

excluding alanine and glutamine

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221
Sample:  0.89 g
Standard solution:  0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria:  NMT 200 µg/g

•  Chloride and Sulfate, Sulfate 221
Sample:  0.98 g
Standard solution:  0.20 mL of 0.010 N sulfuric acid
Acceptance criteria:  NMT 200 µg/g

•  Iron 241 : NMT 10 µg/g

•  Residual Solvents 467
Acceptance criteria 

Isopropanol:  NMT 0.5%

[Note—For the Acceptance criteria for any other residual solvents, see Residual Solvents 467

.]
•  Limit of Ammonium

Standard stock solution:  Dissolve 1.486 g of ammonium chloride in 500.0 mL of water.
Standard calibration solutions:  Transfer 0.01, 0.1, 1.0, and 10.0 mL of Standard stock

solution into separate 100-mL volumetric flasks and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 µg/mL of ammonium ions (NH4

+), respectively.
Sample solution:  Transfer 1.0 g of l-Alanyl-l-Glutamine to a 150-mL beaker containing a

plastic-coated stirring bar, add 100.0 mL of water, and stir until dissolved.
Electrode system:  Use a gas-sensing, ammonia-specific indicating electrode with internal

reference connected to a pH meter capable of measuring potentials with a minimum
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reproducibility of ±0.1 mV (see pH 791 ). Condition the electrode according to the
manufacturer's instructions.

Analysis 
Standard response line:  Transfer 100 mL of water into a 150-mL beaker containing a

plastic-coated stirring bar, insert the electrode into the water, stir, and measure the
potential. Add 1 mL of 10 N sodium hydroxide solution, stir, and measure the potential
after stabilization (about 3 min). The potential difference must be below 20 mV. Transfer
100.0 mL of each of Standard calibration solutions (0.1, 1, 10, 100 µg/mL of ammonium
ions) into separate 150-mL beakers, and add 1 mL of 10 N sodium hydroxide. Insert the
electrode into each solution, stir, and measure the potential after stabilization (about 3
min). Plot a curve (four calibration points) of the potential (mV) as function of
ammonium ion concentrations (µg/mL).

Sample:  Sample solution 
Rinse the electrode, insert it into the Sample solution, add 1 mL of 10 N sodium
hydroxide, and stir. Check the pH, which must be above 11; if not, adjust with 10 N
sodium hydroxide. After 3 min, measure the potential, and determine the corresponding
ammonium ion concentration from the calibration curve.

Calculate the content of ammonium in the portion of the Sample taken:

Result = (V × C)/W

V= volume of the Sample solution (mL)
C= concentration of ammonium ions in the Sample solution determined from the Standard

response line (µg/mL)
W= weight of l-Alanyl-l-Glutamine taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 200 µg/g

•  Related Compounds
Buffer solution:  Dissolve 6.84 g of monobasic potassium phosphate in 1000 mL of water.
Mobile phase:  Acetonitrile and Buffer solution (650:350)
System suitability solution:  Transfer 25 mg of USP l-Alanyl-l-Glutamine RS and 5 mg of

USP l-Alanyl-l-Alanine RS into a 25-mL volumetric flask, and dilute with water to volume.
Transfer 1.0 mL of this solution into a 10-mL volumetric flask, and dilute with Mobile phase
to volume.

Standard solution 1:  0.025 mg/mL of USP Alanine RS in Mobile phase
Standard solution 2:  0.1 mg/mL of USP Glutamine RS in Mobile phase
Sample solution:  2.5 mg/mL of l-Alanyl-l-Glutamine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L8
Flow rate:  0.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for l-alanyl-l-alanine and l-alanyl-l-glutamine are 0.86

and 1.0, respectively.]
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Suitability requirements 
Column efficiency:  NLT 8000 theoretical plates for the l-alanyl-l-glutamine peak
Resolution:  NLT 2.0 between l-alanyl-l-glutamine and l-alanyl-l-alanine

Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of alanine and glutamine in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of alanine or glutamine from the Sample solution
rS= peak response of alanine from Standard solution 1 or glutamine from Standard solution 2
CS= concentration of USP Alanine RS in Standard solution 1 (mg/mL) or concentration of

USP Glutamine RS in Standard solution 2 (mg/mL)
CU= concentration of l-Alanyl-l-Glutamine in the Sample solution (mg/mL)

Calculate the percentage of any other specified and unspecified impurities in the portion
of the Sample taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity
rT= sum of the responses of all the peaks, excluding peak responses of alanine and

glutamine
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Cyclo(ala-gln) 0.27 0.2
Alanine 0.55 1.0
Glutamine 0.59 0.5
Ala-ala-gln 1.10 0.3
Ala-glu 2.20 0.2
Any unspecified impurity — 0.1
Total unspecified impurities — 0.5

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S

Sample solution:  50 mg/mL in water. Perform the measurement at 20 .

Acceptance criteria:  +9.0  to +11.0

•  Water Determination, Method Ia 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.

•  USP Reference Standards 11
USP Alanine RS
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USP l-Alanyl-l-Alanine RS
USP l-Alanyl-l-Glutamine RS
USP Glutamine RS 

BRIEFING

Borage Oil. Because there is no existing USP monograph for this dietary ingredient, a new
monograph is being proposed.

(DS: H. Dinh.)
Correspondence Number—C129434

Comment deadline: September 30, 2013

Add the following:
Borage Oil

[8001-26-1].

DEFINITION

Borage Oil is derived from seeds of Borago officinalis L. The oil is extracted by cold press or
supercritical fluid extraction and then refined. A suitable antioxidant may be added.

IDENTIFICATION
•  A. It meets the requirements in Specific Tests for Fats and Fixed Oils, Fatty Acid

Composition 401 .

•   B. Identification of Fixed Oils by Thin-Layer Chromatography 202 : The RF values of
the principal spots of the Sample solution correspond to those of the Standard solution.

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 1.0

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0

•  Fats and Fixed Oils, Saponification Value 401 : 184–194

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 2.0%

•  Fats and Fixed Oils, Fatty Acid Composition 401 : Borage Oil exhibits the composition
profile of fatty acids in Table 1.

Table 1

Fatty Acid
Shorthand

Notation
Percentage

(%)

Palmitic acid 16:0 8.0–11.0
Stearic acid 18:0 2.0–5.0
Oleic acid 18:1 14.0–19.0
gamma-Linolenic acid 18:3 18.0–24.0

2S (USP37)
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Linoleic acid 18:2 34.0–42.0
Arachidic acid 20:0 NMT 0.5
Gadoleic acid 20:1 2.0–6.0
Behenic acid 22:0 NMT 0.8
Erucic acid 22:1 NMT 5.0
Nervonic acid 24:1 NMT 4.5

•  Refractive Index 831 : 1.474–1.478 at 20

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an

inert gas, protected from light.

•  USP Reference Standards 11
USP Borage Oil RS

BRIEFING

Evening Primrose Oil. Because there is no existing USP monograph for this dietary ingredient,
a new monograph is being proposed.

(DS: H. Dinh.)
Correspondence Number—C129436

Comment deadline: September 30, 2013

Add the following:
Evening Primrose Oil

[90028-66-3].

DEFINITION

Evening Primrose Oil is derived from seeds of Oenothera biennis L. The oil is extracted by cold
press, where seeds are squeezed at very high pressure. It can be extracted using hexane as
the solvent. It is then refined. A suitable antioxidant may be added.

IDENTIFICATION
•  A. It meets the requirements in Specific Tests for Fats and Fixed Oils, Fatty Acid

Composition 401 .

•  B. Identification of Fixed Oils by Thin-Layer Chromatography 202 : The RF values of
the principal spots of the Sample solution correspond to those of the Standard solution.

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 1.0

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0
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•  Fats and Fixed Oils, Saponification Value 401 : 185–195

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 2.0%

•  Fats and Fixed Oils, Fatty Acid Composition 401 : Evening Primrose Oil exhibits the
composition profile of fatty acids in Table 1.

Table 1

Fatty Acid
Shorthand

Notation
Percentage

(%)

Palmitic acid 16:0 4.0–10.0
Stearic acid 18:0 1.0–4.0
Oleic acid 18:1 5.0–12.0
gamma-Linolenic acid 18:3 7.0–14.0
Linoleic acid 18:2 65.0–85.0

•  Refractive Index 831 : 1.477–1.479 at 20

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an

inert gas, protected from light.

•  USP Reference Standards 11
USP Evening Primrose Oil RS

BRIEFING

Fish Oil Containing Omega-3 Acids Capsules, USP 36 page 1447. It is proposed to revise the

monograph to be consistent with the recent revision to the Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, published in PF 38(5) [Sept.–Oct. 2012].
This revised chapter was balloted and passed, and it will appear in the Second Supplement
to USP 36–NF31.

(DS: N. Davydova.)
Correspondence Number—C129155

Comment deadline: September 30, 2013
Fish Oil Containing Omega-3 Acids Capsules

DEFINITION

Fish Oil Containing Omega-3 Acids Capsules contain NLT 95.0% and NMT 105.0% of the labeled
amount of Fish Oil Containing Omega-3 Acids where Fish Oil Containing Omega-3 Acids is the
purified, winterized, and deodorized fatty oil obtained from fish of the families Engraulidae,
Carangidae, Clupeidae, Osmeridae, Scombroidae, and Ammodytidae. The omega-3 acids are

defined as the following: alpha-linolenic acid (C18:3 n 3), moroctic acid (C18:4 n 3),

eicosatetraenoic acid (C20:4 n 3), eicosapentaenoic acid (EPA) (C20:5 n 3),

heneicosapentaenoic acid (C21:5 n 3), docosapentaenoic acid (C22:5 n 3), and

docosahexaenoic acid (DHA) (C22:6 n 3). It contains NLT 28.0% (w/w) of total omega-3
acids, expressed as free acids, consisting of NLT 13.0% of EPA and NLT 9.0% of DHA. Suitable
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antioxidants in appropriate concentrations may be added.

IDENTIFICATION

Change to read:
•  A. The oil contained in the Capsules meet the requirements for the following test. the

retention times of the peaks for eicosapentaenoic acid methyl ester and docosahexaenoic
acid methyl ester obtained in the chromatogram of Test Solution 2 in the test for Content
of EPA and DHA correspond to those for the respective compounds in the chromatogram of
Standard Solution 1.

The retention times of the docosahexaenoic acid methyl ester and eicosapentanoic acid
methyl ester peaks from Test solution 1 in Content of EPA and DHA correspond to those of
the docosahexaenoic acid methyl ester and eicosapentanoic acid methyl ester peaks from

Standard solution 2a and Standard solution 2b, respectively, in Fats and Fixed Oils 401 ,
Content of EPA and DHA.

The sum of the areas for EPA and DHA methyl esters is NLT 22% of the total detected area for
the methyl esters, and no other peak in the chromatogram has an area higher than 20% of
the total detected area for the methyl esters. The chromatogram of Test Solution 2
exhibits at least 15 additional peaks at the retention times of the methyl esters of
unsaturated fatty acids exhibited in Standard Solution 2.

In addition to the EPA and DHA peaks, Test solution 1 exhibits at least 15 more peaks with
retention times similar to those of the Fish oil standard solution, as obtained in the test for
Content of EPA and DHA.

STRENGTH
•  Content of Fish Oil 

Weigh NLT 10 Capsules in a tared weighing bottle; carefully open the Capsules, without
loss of shell material; and transfer the combined Capsule contents to a 100-mL beaker.
Remove any adhering substance from the emptied Capsules by washing with several small
portions of 2,2,4-trimethylpentane. Discard the washings, and allow the empty Capsules to
dry in a current of dry air until the 2,2,4-trimethylpentane is completely evaporated. Weigh
the empty Capsules in the original tared weighing bottle, and calculate the average net
weight per Capsule.

Acceptance criteria:  95.0%–105.0% of the labeled amount

Change to read:
•  Content of EPA and DHA 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Analysis 

Samples:  Standard Solution 1, Standard Solution 2, Test Solution 1, and Test Solution 2

Identify the retention times of the relevant fatty acid methyl esters peaks by comparing
the chromatogram of Standard Solution 2 with the Reference Chromatogram supplied with
the USP Fish Oil RS. Identify the retention time for the internal standard peak in the
chromatogram of Test Solution 2 by comparing with that of Test Solution 1.

Calculate the percentage of EPA or DHA in the portion of fish oil containing omega-3 acids
taken from the Capsules:
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Result = (RU/RS) × (WS/WU) × F × 100

RS= ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2

WS= weight of either USP Docosahexaenoic Acid Ethyl Ester RS or USP Eicosapentaenoic
Acid Ethyl Ester RS used to prepare Standard Solution 1 (mg)

WU= weight of the fish oil containing omega-3 acids taken to prepare Test Solution 2 (mg)
F = factor to express the content of DHA (0.921) and EPA (0.915) as free fatty acids
RU= ratio of peak response of either EPA or DHA to the corrected peak response of the

internal standard in the chromatogram of Test Solution 2 calculated as follows:

RU = 1/[(rU2/rT2)  (rU1/rT1)]

rU2= response of the peak at the locus of the internal standard in the chromatogram of
Test Solution 2

rT2= peak response of EPA or DHA in the chromatogram of Test Solution 2
rU1= response of any peak at the locus of the internal standard in the chromatogram of

Test Solution 1
rT1= peak response of EPA or DHA in the chromatogram of Test Solution 1. [Note—If no

peak is found at the locus of the internal standard in the chromatogram of Test
Solution 1, RU = rT2/rU2.]

System suitability solution 1, System suitability solution 2, Standard solution 1a,
Standard solution 1b, Standard solution 2a, Standard solution 2b, Test solution 1,
Test solution 2, Chromatographic system, System suitability, and Analysis:

 Proceed as directed in Fats and Fixed Oils 401 , Content of EPA and DHA, for
triglycerides.
Fish oil standard solution:  Transfer 300 mg of USP Fish Oil RS into a 10-mL volumetric

flask, and dissolve in and dilute with Antioxidant Solution to volume. Proceed as

directed for Test Solution 1 (for triglycerides) in Fats and Fixed Oils 401 , Content of
EPA and DHA, starting with “Transfer 2.0 mL”. 
Identify the relevant fatty acid methyl esters in the Fish oil standard solution by
comparing their retention times with those in the reference chromatogram supplied with
the USP Fish Oil RS. 
Calculate the percentage of EPA and DHA in the portion of fish oil containing omega-3
acids taken from the Capsules.

Acceptance criteria:  NLT 13.0% (w/w) of EPA and NLT 9.0% (w/w) of DHA

Change to read:
•  Content of Total Omega-3 Acids 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Analysis:  Proceed as directed in the test for Content of EPA and DHA. Calculate the

percentage of the total omega-3 acids in the portion of fish oil containing omega-3 acids
taken from the Capsules:

Result = EPA + DHA + [An 3(EPA + DHA)]/(AEPA + ADHA)

EPA= content of EPA from the test for Content of EPA and DHA [% (w/w)]
DHA= content of DHA from the test for Content of EPA and DHA [% (w/w)]
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An 3= sum of the areas of the peaks corresponding to C18:3 n 3, C18:4 n 3, C20:4 n 3,

C21:5 n 3, and C22:5 n 3 methyl esters in the chromatogram of Test Solution 2
AEPA= area of the peak corresponding to the EPA methyl ester in the chromatogram of Test

Solution 2
ADHA= area of the peak corresponding to the DHA methyl ester in the chromatogram of Test

Solution 2

Proceed as directed in Fats and Fixed Oils 401 , Content of Total Omega-3-Acids (for
triglycerides).

Acceptance criteria:  NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids

PERFORMANCE TESTS

•  Disintegration and Dissolution of Dietary Supplements 2040 : Meet the requirements
for Rupture Test for Soft Shell Capsules

•  Weight Variation of Dietary Supplements 2091 : Meet the requirements

CONTAMINANTS
•  Limit of Arsenic
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of arsenic as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N nitric
acid for 30 min and by rinsing them with deionized water.]

1% Palladium stock solution:  Transfer 1 g of ultrapure palladium metal into a Teflon
beaker. Add 20 mL of water and 10 mL of nitric acid, and warm on a hot plate to dissolve.
Allow the solution to cool to room temperature, transfer into a 100-mL volumetric flask,
and dilute with deionized water to volume.

1% Magnesium nitrate stock solution:  Transfer 1 g of ultrapure magnesium nitrate into a
Teflon beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to
dissolve the solids. Allow the solution to cool to room temperature, transfer into a 100-mL
volumetric flask, and dilute with deionized water to volume.

Modifier working solution:  1% Palladium stock solution, 1% Magnesium nitrate stock
solution, and 2% nitric acid (3:2:5). A volume of 5 µL provides 0.015 mg of palladium and
0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution:  Transfer 10.0 mL of Standard Arsenic Solution, prepared as

directed in the test for Arsenic 211 , to a 100-mL volumetric flask. Add 40 mL of water
and 5 mL of nitric acid, and dilute with water to volume. This solution contains 0.10 µg/mL
of arsenic.

Standard solutions:  Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of arsenic.

Sample solution:  For the preparation of the Sample solution, use a microwave oven with a
magnetron frequency of 2455 MHz and a selectable output power of 0–950 W in 1%
increments, equipped with advanced composite vessels with 100-mL polytef liners. Use
rupture membranes to vent vessels should the pressure exceed 125 psi. The vessels fit
into a turntable, and each vessel can be vented into an overflow container. Equip the
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microwave oven with an exhaust tube to ventilate fumes. [Caution—Wear proper eye
protection and protective clothing and gloves.] Transfer approximately 500 mg from
content of Capsules, weighed to the nearest 0.1 mg, into a Teflon digestion vessel liner.
Prepare samples in duplicate. Add 15 mL of nitric acid, and swirl gently. Cover the vessels
with lids, leaving the vent fitting off. Predigest overnight under a hood. Place the rupture
membrane in the vent fitting, and tighten the lid. Place all vessels on the microwave oven
turntable. Connect the vent tubes to the vent trap, and connect the pressure-sensing
line to the appropriate vessel. Initiate a two-stage digestion procedure by heating the
microwave at 15% power for 15 min, followed by 25% power for 45 min. Remove the
turntable of vessels from the oven, and allow the vessels to cool to room temperature.
[Note—A cool water bath may be used to speed the cooling process.] Vent the vessels
when they reach room temperature. Remove the lids, and slowly add 2 mL of 30%
hydrogen peroxide to each. Allow the reactions to subside, and seal the vessels. Return
the vessels on the turntable to the microwave oven, and heat for an additional 15 min at
30% power. Remove the vessels from the oven, and allow them to cool to room
temperature. Transfer the cooled digests into 25-mL volumetric flasks, and dilute with
water to volume.

Analysis:  Program the graphite furnace as follows. Dry at 115  using a 1-s ramp, a 65-s

hold, and an argon flow of 300 mL/min. Char the sample at 1000  using a 1-s ramp, a 20-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s

by using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2400  using

a 0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Blank, the Standard
solutions, and the Sample solution, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for arsenic.
Determine the peak area at the arsenic emission line at 193.7 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of arsenic, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of arsenic in each mL of the Sample
solution by interpolation from the regression line. 
Calculate the content of arsenic in the portion of Capsules taken:

Result = (C/W) × 25

C= concentration of arsenic in each mL of the Sample solution (µg/mL)
W= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of lead as practicable, and store all reagent solutions in containers of borosilicate glass.
Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N nitric
acid for 30 min and by rinsing them with deionized water.]

10% Monobasic ammonium phosphate solution:  10 g of ultrapure monobasic ammonium
phosphate in 1 mL of nitric acid and 40 mL of water to dissolve the phosphate. Dilute with
deionized water to 100 mL.
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1% Magnesium nitrate solution:  Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.

Modifier working solution:  10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate plus 0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution:  Transfer 10.0 mL of Lead Nitrate Stock Solution, prepared as

directed in the test for Heavy Metals 231 , to a 100-mL volumetric flask. Add 40 mL of
water and 5 mL of nitric acid, and dilute with water to volume. Transfer 1.0 mL of this
solution to a second 100-mL volumetric flask. Add 50 mL of water and 1 mL of nitric acid,
and dilute with water to volume. This solution contains 0.10 µg/mL of lead.

Standard solutions:  Dilute the Standard stock solution with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of lead.

Sample solution:  Prepare as directed in Limit of Arsenic.

Analysis:  Program the graphite furnace as follows. Dry at 120  using a 1-s ramp, a 55-s

hold, and an argon flow of 300 mL/min. Char the sample at 850  using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down, and purge the air from the furnace for 10 s

by using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2100  using

a 0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Blank, the Standard
solutions, and the Sample solution, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for lead. Determine
the peak area at the lead emission line at 283.3 nm, corrected for background absorption.
Plot the corrected peak areas of the Standard solutions versus their contents of lead, in
µg/mL, and calculate the regression line best fitting the points. Determine the
concentration, C, in µg/mL, of lead in each mL of the Sample solution by interpolation from
the regression line. 
Calculate the content of lead in the portion of Capsules taken:

Result = (C/W) × 25

C= concentration of lead in each mL of the Sample solution (µg/mL)
W= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit for Cadmium
[Note—For the preparation of all aqueous solutions and for the rinsing of glass, polytef, and

plastic vessels before use, use water that has first been passed through a strong-acid,
strong-base, mixed-bed ion-exchange resin. Select all reagents to have as low a content
of cadmium as practicable, and store all reagent solutions in containers of borosilicate
glass. Cleanse glass, polytef, and plastic vessels before use by soaking them in warm 8 N
nitric acid for 30 min and by rinsing them with deionized water.]

10% Monobasic ammonium phosphate solution:  10 g of ultrapure monobasic ammonium
phosphate in 40 mL of water and 1 mL of nitric acid to dissolve the phosphate. Dilute with
deionized water to 100 mL.
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1% Magnesium nitrate solution:  Transfer 1 g of ultrapure magnesium nitrate to a Teflon
beaker. Add 40 mL of water and 1 mL of nitric acid, and warm on a hot plate to dissolve
the solids. Allow the solution to cool to room temperature, transfer to a 100-mL volumetric
flask, and dilute with deionized water to volume.

Modifier working solution:  10% Monobasic ammonium phosphate solution, 1% Magnesium
nitrate solution, and 2% nitric acid to volume (2:1:2). A volume of 5 µL provides 0.2 mg of
phosphate and 0.01 mg of magnesium nitrate.

Blank:  Nitric acid and water (5 in 100)
Standard stock solution A:  0.1372 mg/mL of cadmium nitrate in water
Standard stock solution B:  Standard stock solution A, nitric acid, and water (2:1:97).

This solution contains 0.10 µg/mL of cadmium. [Note—Before diluting to final volume,
dissolve in a portion of water and nitric acid.]

Standard solutions:  Dilute Standard stock solution B with the Blank to obtain
concentrations of 0.002, 0.005, 0.010, 0.025, and 0.050 µg/mL of cadmium.

Sample solution:  Prepare as directed in Limit of Arsenic.

Analysis:  Program the graphite furnace as follows. Dry at 120  using a 1-s ramp, a 55-s

hold, and an argon flow of 300 mL/min. Char the sample at 850  using a 1-s ramp, a 30-s
hold, and an airflow of 300 mL/min. Cool down and purge the air from the furnace for 10 s

by using a 20  set temperature and an argon flow of 300 mL/min. Atomize at 2400  using

a 0-s ramp and a 5-s hold with the argon flow stopped. Clean out at 2600  using a 1-s
ramp and a 5-s hold. Separately inject equal volumes (20 µL) of the Blank, the Standard
solutions, and the Sample solution, followed by a 5-µL injection of the Modifier working
solution for each of the samples, into the graphite tube of a suitable graphite furnace
atomic absorption spectrometer equipped with a hollow-cathode lamp for cadmium.
Determine the peak area at the cadmium emission line at 228.8 nm, corrected for
background absorption. Plot the corrected peak areas of the Standard solutions versus
their contents of cadmium, in µg/mL, and calculate the regression line best fitting the
points. Determine the concentration, C, in µg/mL, of cadmium in each mL of the Sample
solution by interpolation from the regression line. 
Calculate the content of cadmium in the portion of Capsules taken:

Result = (C/W) × 25

C= concentration of cadmium in each mL of the Sample solution (µg/mL)
W= weight of fish oil containing omega-3 acids taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 0.1 µg/g

•  Limit of Mercury
Sample solution:  Prepare as directed in Limit of Arsenic, combining the two duplicate

cooled digests into 1.0 mL of Potassium Permanganate Solution in Mercury 261 ,
Reagents.

Analysis:  Proceed as directed for Mercury 261 , Method IIa, except use a Standard
Mercury Solution having the equivalent of 0.1 µg/mL of mercury.

Acceptance criteria:  NMT 0.1 µg/g
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B, of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by Method
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1668, Revision A, of the Environmental Protection Agency.
Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health

Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
(polychlorinated biphenyls, nonortho IUPAC congeners PCB-77, PCB-81, PCB-126, and
PCB-169, and mono-ortho IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-
156, PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 3

•  Fats and Fixed Oils, Anisidine Value 401 : NMT 20.0

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0

•  Fats and Fixed Oils, Total Oxidation Value (TOTOX) 401 : NMT 26, calculated:

Result = (2 × PV) + AV

PV= peroxide value
AV= anisidine value

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.5%

•  Stearin: 10 mL remains clear after cooling at 0  for 3 h.
•  Absorbance

Sample solution:  0.24 mg/mL in isooctane
Acceptance criteria:  The absorbance is NMT 0.70, determined at 233 nm.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at room temperature,

protected from light.
•  Labeling: The label states the amount of docosahexaenoic acid (DHA) and eicosapentaenoic

acid (EPA) in mg per Capsule.

•  USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS  

All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.     
C24H36O2      356.55

USP Eicosapentaenoic Acid Ethyl Ester RS  
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.     
C22H34O2       330.51

USP Fish Oil RS
USP Methyl Tricosanoate RS  

Tricosanoic acid methyl ester.     
C24H48O2      368.64

BRIEFING

Fish Oil Containing Omega-3 Acids Delayed-Release Capsules, USP 36 page 1450. It is
proposed to revise the monograph to be consistent with the recent revision to Fats and

Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile, published in PF 38(5)
[Sept.–Oct. 2012]. This revised chapter was balloted and passed, and it will appear in the
Second Supplement to USP 37–NF 32.
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(DS: N. Davydova.)
Correspondence Number—C129157

Comment deadline: September 30, 2013
Fish Oil Containing Omega-3 Acids Delayed-Release Capsules

DEFINITION

Fish Oil Containing Omega-3 Acids Delayed-Release Capsules are enteric-coated Capsules that
contain NLT 95.0% and NMT 105.0% of the labeled amount of Fish Oil Containing Omega-3
Acids where Fish Oil Containing Omega-3 Acids is the purified, winterized, and deodorized fatty
oil obtained from fish of the families Engraulidae, Carangidae, Clupeidae, Osmeridae,
Scombroidae, and Ammodytidae. The omega-3 acids are defined as the following: alpha-
linolenic acid (C18:3 n–3), moroctic acid (C18:4 n–3), eicosatetraenoic acid (C20:4 n–3),
eicosapentaenoic acid (EPA) (C20:5 n–3), heneicosapentaenoic acid (C21:5 n–3),
docosapentaenoic acid (C22:5 n–3), and docosahexaenoic acid (DHA) (C22:6 n–3). It contains
NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids, consisting of NLT 13.0% of
EPA and NLT 9.0% of DHA. Suitable antioxidants in appropriate concentrations may be added.

IDENTIFICATION

Change to read:
•  A. The oil contained in the Capsules meets the requirements for the following test. The

retention times of the peaks for eicosapentaenoic acid methyl ester and docosahexaenoic
acid methyl ester obtained in the chromatogram of Test Solution 2 in the test for Content
of EPA and DHA correspond to those for the respective compounds in the chromatogram of
Standard Solution 1.

The retention times of the docosahexaenoic acid methyl ester and eicosapentanoic acid
methyl ester peaks of Test solution 1 in Content of EPA and DHA correspond to those of
the docosahexaenoic acid methyl ester and eicosapentanoic acid methyl ester peaks of

Standard solution 2a and Standard solution 2b, respectively, in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, Content of EPA and DHA.

The sum of the area for EPA and DHA methyl esters is NLT 22% of the total detected area for
the methyl esters, and no other peak has an area higher than 20% of the total detected
area for the methyl esters. The chromatogram of Test Solution 2 exhibits at least 15
additional peaks at the retention times of the methyl esters of unsaturated fatty acids
exhibited in Standard Solution 2.

In addition to the EPA and DHA peaks, Test solution 1 exhibits at least 15 more peaks with
retention times similar to those of the Fish oil standard solution, as obtained in Content of
EPA and DHA.

STRENGTH
•  Content of Fish Oil

Analysis:  Weigh NLT 10 Capsules in a tared weighing bottle, carefully open the Capsules,
without loss of shell material, and transfer the combined Capsule contents to a 100-mL
beaker. Remove any adhering substance from the emptied Capsules by washing with
several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is
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completely evaporated. Weigh the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.

Acceptance criteria:  95.0%–105.0% of the labeled amount

Change to read:
•  Content of EPA and DHA 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Analysis 

Samples:  Standard Solution 1, Standard Solution 2, Test Solution 1, and Test Solution 2

Identify the retention times of the relevant fatty acid methyl esters peaks by comparing
the chromatogram of Standard Solution 2 with the Reference Chromatogram supplied with
the USP Fish Oil RS. Identify the retention time for the internal standard peak in the
chromatogram of Test Solution 2 by comparing with that of Test Solution 1.

Calculate the percentage of EPA or DHA in the portion of fish oil containing omega-3 acids
taken from the Capsules:

Result = (RU/RS) × (WS/WU) × F × 100

RS= ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2

WS= weight of either USP Docosahexaenoic Acid Ethyl Ester RS or USP Eicosapentaenoic
Acid Ethyl Ester RS used to prepare Standard Solution 1 (mg)

WU= weight of the fish oil containing omega-3 acids taken to prepare Test Solution 2 (mg)
F = factor to express the content of DHA (0.921) and EPA (0.915) as free fatty acids
RU= ratio of peak response of either EPA or DHA to the corrected peak response of the

internal standard in the chromatogram of Test Solution 2 calculated as follows:

RU = 1/[(rU2/rT2)  (rU1/rT1)]

rU2= response of the peak at the locus of the internal standard in the chromatogram of
Test Solution 2

rT2= peak response of EPA or DHA in the chromatogram of Test Solution 2
rU1= response of any peak at the locus of the internal standard in the chromatogram of

Test Solution 1
rT1= peak response of EPA or DHA in the chromatogram of Test Solution 1. [Note—If no

peak is found at the locus of the internal standard in the chromatogram of Test
Solution 1, RU = rT2/rU2.]

System suitability solution 1, System suitability solution 2, Standard solution 1a,
Standard solution 1b, Standard solution 2a, Standard solution 2b, Test solution 1,
Test solution 2, Chromatographic system, System suitability, and Analysis:

 Proceed as directed in Fats and Fixed Oils 401 , Content of EPA and DHA for
triglycerides.
Fish oil standard solution:  Transfer 300 mg of USP Fish Oil RS to a 10-mL volumetric

flask, and dissolve in and dilute with Antioxidant Solution to volume. Proceed as

directed for Test Solution 1 (for triglycerides) in Fats and Fixed Oils 401 , Content of
EPA and DHA, starting with “Transfer 2.0 mL”. 
Identify the relevant fatty acid methyl esters in the Fish oil standard solution by
comparing their retention times with those in the reference chromatogram supplied with
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the USP Fish Oil RS. 
Calculate the percentage of EPA and DHA in the portion of fish oil containing omega-3
acids taken from the Capsules.

Acceptance criteria:  NLT 13.0% (w/w) of EPA and NLT 9.0% (w/w) of DHA

Change to read:
•  Content of Total Omega-3 Acids 

(See Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.)
Analysis:   Proceed as directed in the test for Content of EPA and DHA. Calculate the

percentage of the total omega-3 acids in the portion of fish oil containing omega-3 acids
taken from the Capsules:

Result = EPA + DHA + [An 3(EPA + DHA)]/(AEPA + ADHA)

EPA= content of EPA from the test for Content of EPA and DHA [% (w/w)]
DHA= content of DHA from the test for Content of EPA and DHA [% (w/w)]

An 3
= sum of the areas of the peaks corresponding to C18:3 n–3, C18:4 n–3, C20:4 n–3,

C21:5 n–3, and C22:5 n–3 methyl esters in the chromatogram of Test Solution 2
AEPA= area of the peak corresponding to the EPA methyl ester in the chromatogram of Test

Solution 2
ADHA= area of the peak corresponding to the DHA methyl ester in the chromatogram of Test

Solution 2

Proceed as directed in Fats and Fixed Oils 401 , Content of Total Omega-3-Acids (for
triglycerides).

Acceptance criteria:  NLT 28.0% (w/w) of total omega-3 acids, expressed as free acids

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Disintegration,
Delayed-Release (Enteric-Coated) Soft Shell Capsules

•  Weight Variation of Dietary Supplements 2091 : Meet the requirements

CONTAMINANTS

•  Fats and Fixed Oils, Trace Metals 401 : NMT 0.1 ppm each of Pb, Cd, As, and Hg
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B, of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by Method
1668, Revision A, of the Environmental Protection Agency.

Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
(polychlorinated biphenyls, non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and
PCB-169, and mono-ortho IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-
156, PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value 401 : NMT 3

•  Fats and Fixed Oils, Anisidine Value 401 : NMT 20.0

2S (USP37)
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•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0

•  Fats and Fixed Oils, Total Oxidation Value (TOTOX) 401 : NMT 26, calculated:

Result = (2 × PV) + AV

PV= peroxide value
AV= anisidine value

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.5%

•  Stearin: 10 mL remains clear after cooling at 0  for 3 h.
•  Absorbance

Sample solution:  0.24 mg/mL in isooctane
Acceptance criteria:  NMT 0.70, determined at 233 nm

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at room temperature,

protected from light.
•  Labeling: The label states the amount of docosahexaenoic acid (DHA) and eicosapentaenoic

acid (EPA) in mg per Capsule.

•  USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS  

All cis-4,7,10,13,16,19-docosahexaenoic ethyl ester.     
C24H36O2      356.55

USP Eicosapentaenoic Acid Ethyl Ester RS  
All cis-5,8,11,14,17-eicosapentaenoic ethyl ester.     
C22H34O2       330.51

USP Fish Oil RS
USP Methyl Tricosanoate RS 

BRIEFING

Powdered Ginkgo Extract, USP 36 page 1479. This revision is proposed to control potential
adulterants of Powdered Ginkgo Extract, rutin and quercetin, added to artificially boost the
assay of native flavonol glycosides. Therefore, a provision is included to limit the content of
rutin and quercetin. The analytical procedure is performed on an Agilent Technologies Zorbax
SB-C18 brand column of L1 packing. Typical retention times are about 18 min for the rutin
peak and about 33.5 min for the quercetin peak.

(DS: A. Bzhelyansky.)
Correspondence Number—C120744

Comment deadline: September 30, 2013
Powdered Ginkgo Extract

DEFINITION

Powdered Ginkgo Extract is prepared from dried and comminuted leaves of Ginkgo extracted
with an acetone–water mixture or other suitable solvents. The ratio of the crude plant material
to Powdered Extract is between 35:1 and 67:1. It contains NLT 22.0% and NMT 27.0% of
flavonoids, calculated as flavonol glycosides, with a mean molecular mass of 756.7, on the dried
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basis. It contains NLT 5.4% and NMT 12.0% of terpene lactones, consisting of between 2.6%
and 5.8% of bilobalide (C15H18O8) and between 2.8% and 6.2% of the sum of ginkgolide A
(C20H24O9), ginkgolide B (C20H24O10), and ginkgolide C (C20H24O11), on the dried basis.

IDENTIFICATION
•  A. Thin-Layer Chromatographic Identification Test <201>

Test for flavanoids 
Standard solution:  A solution of 0.6 mg/mL of USP Rutin RS and 0.2 mg/mL each of USP

Chlorogenic Acid RS and USP Quercetin RS in methanol
Sample solution:  5 mg/mL of Powdered Extract in a mixture of methanol and water (4:1)
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  5 µL
Developing solvent system:  Ethyl acetate, water, anhydrous formic acid, and glacial

acetic acid (100:26:11:11)
Spray reagent 1:  5 mg/mL of 2-aminoethyl diphenylborinate in methanol
Spray reagent 2:  50 mg/mL of polyethylene glycol 400 in alcohol
Analysis 

Samples:  Standard solution and Sample solution

Before development of the chromatograms, saturate the chamber for 20 min with
Developing solvent system. Record temperature and humidity in the laboratory. If the
relative humidity exceeds 50%, condition the plate to about 35% relative humidity using
a suitable device. Apply the samples separately as bands to a suitable thin-layer

chromatographic plate (see Chromatography 621 ), and allow the bands to dry.
Develop the plate over a path of 6 cm, remove the plate from the chromatographic

chamber, and dry in a circulating air oven at 105  for 5 min. Immediately spray the hot
plate with Spray reagent 1, then with Spray reagent 2. Dry, and examine under long-
wavelength UV light.

Acceptance criteria:  The Standard solution shows in its lower part with increasing RF

values a yellowish-brown fluorescent zone due to rutin (RF 0.28), a light blue fluorescent
zone due to chlorogenic acid (RF 0.36), and a yellow fluorescent zone due to quercetin
(RF 0.92). The Sample solution shows a yellowish-brown fluorescent zone, a light blue
fluorescent zone, and a yellowish-brown fluorescent zone at RF similar to those of rutin,
chlorogenic acid, and quercetin, respectively, in the Standard solution. Additional
yellowish to yellowish-green zones due to flavonoids detected in the Sample solution
chromatogram include one zone below the rutin zone, two zones between the rutin and
chlorogenic acid zones, and two zones above the chlorogenic acid zone. Other zones
may be seen in the Sample solution chromatogram.

•  B. HPLC: In the test for Content of Flavonol Glycosides, the retention times of the peaks for
quercetin, isorhamnetin, and kaempferol of the Sample solution correspond to those of the
Standard solution. In the chromatogram of the Sample solution, the ratio of the kaempferol
peak to the quercetin peak is NLT 0.7, and the peak for isorhamnetin is NLT 0.1 times the
size of the quercetin peak.

COMPOSITION
•  Content of Flavonol Glycosides
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Extraction solvent:  Alcohol, hydrochloric acid, and water (25:4:10)
Mobile phase:  Methanol, water, and phosphoric acid (100:100:1)
Standard solution A:  0.125 mg/mL of USP Quercetin RS in methanol
Standard solution B:  0.125 mg/mL of USP Kaempferol RS in methanol
Standard solution C:  0.03 mg/mL of USP Isorhamnetin RS in methanol
Sample solution:  Transfer about 0.3 g of Powdered Extract, accurately weighed, to a

250-mL flask fitted with a reflux condenser. Add 78 mL of Extraction solvent, and reflux in
a hot water bath for 135 min. [Note—The solution will turn deep red. The color of the
solution is not a definitive indication of reaction completeness.] Allow to cool to room
temperature. Transfer to a 100-mL volumetric flask, dilute with water to volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 370 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution A, Standard solution B, and Standard solution C
[Note—The relative retention times for quercetin, kaempferol, and isorhamnetin are about

1.0, 1.8, and 2.0, respectively; Standard solution A, Standard solution B, and Standard
solution C.]

Suitability requirements 
Relative standard deviation:  NMT 2.0% determined from the quercetin peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution

Calculate the percentage of each flavonol glycoside in the portion of Powdered Extract
taken:

Result = (rU/rS) × (CS/W) × F × 10

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of the relevant analyte from Standard solution A, Standard solution B, or

Standard solution C
CS= concentration of the relevant analyte in Standard solution A, Standard solution B, or

Standard solution C (mg/mL)
W= weight of Powdered Extract taken to prepare the Sample solution (g)
F= mean molecular mass factor to convert each analyte into flavonol glycoside with a mean

molecular mass of 756.7: 2.504 for quercetin, 2.437 for isorhamnetin, and 2.588 for
kaempferol

Calculate the total percentage of flavonol glycosides by adding the individual percentages
calculated.

Acceptance criteria:  22.0%–27.0% of flavonoids, calculated as flavonol glycosides with a
mean molecular mass of 756.7, on the dried basis

•  Content of Terpene Lactones
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Solvent:  Methanol and water (9:1)
Buffer solution:  Dissolve 1.19 g of dibasic sodium phosphate and 8.25 g of monobasic

potassium phosphate in 1000 mL of water, and adjust to a pH of 5.8.
Diluent:  Methanol and water (1:1)
Solution A:  Water
Solution B:  Methanol
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
23 52 48
28 52 48
30 25 75
35 10 90
40 75 25
50 75 25

Standard solutions:  Using the labeled content of the individual terpene lactones, prepare
five solutions of the USP Ginkgo Terpene Lactones RS in Diluent within the range of 5–500
µg/mL for each of the relevant terpene lactones. Use sonication to dissolve the analytes if
necessary. Pass through a filter of 0.45-µm or finer pore size.

Sample solution:  Transfer about 120 mg of Powdered Extract, accurately weighed, to a
25-mL beaker. Add 10 mL of Buffer solution to the residue, and sonicate for 5 min.
Quantitatively transfer the solution to a glass chromatographic tube filled with
chromatographic siliceous earth capable of holding 20 mL of aqueous phase.1 Rinse the
beaker with two 5-mL portions of Buffer solution, and transfer the washings to the
column. Do not exceed 20 mL of the total aqueous phase or the holding capacity of the
chromatographic tube. Allow the Buffer solution to be absorbed into the column. After 15
min, elute the column with 100 mL of ethyl acetate, collect the ethyl acetate solution,

and evaporate to dryness under vacuum in a water bath maintained at 50 . Dissolve the
residue in 20.0 mL of Diluent.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Evaporative light-scattering. [Note—The parameters of the detector are

adjusted to achieve the best signal-to-noise ratio, according to manufacturer
recommendations.]

Column:  4.6-mm × 25-cm; packing L1

Column temperature:  25 ± 1
Flow rate:  1 mL/min
Injection volume:  15 µL

System suitability 
Samples:  Standard solutions
Suitability requirements 

Chromatogram similarity:  The chromatograms from the Standard solutions are similar
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to the reference chromatogram provided with the lot of USP Ginkgo Terpene Lactones
RS being used.

Relative standard deviation:  NMT 2.0% determined from the bilobalide peak in
repeated injections

Correlation coefficient:  NLT 0.995 for the regression line as determined in Analysis
Analysis 

Samples:  Standard solutions and Sample solution

Record the chromatograms, and identify the peaks of the relevant analytes in the
chromatograms of the Standard solutions, by comparing them with the reference
chromatogram of the USP Ginkgo Terpene Lactones RS lot being used. Measure the areas
of the analyte peaks. Plot the logarithms of the relevant peak responses versus the
logarithms of concentrations, in mg/mL, of each analyte of the Standard solutions, and
determine the regression line by using a least-squares analysis. 
From the graphs, determine the concentration, C, in mg/mL, of the relevant analyte in the
Sample solution. 
Separately calculate the percentages of bilobalide (C15H18O8), ginkgolide A (C20H24O9),
ginkgolide B (C20H24O10), and ginkgolide C (C20H24O11) in the portion of Powdered Extract
taken:

Result = (C/W) × 2000

C= concentration of the relevant analyte in the Sample solution (mg/mL)
W= weight of Powdered Extract taken to prepare the Sample solution (mg)

Calculate the total percentage of terpene lactones in the portion of Powdered Extract
taken by adding the percentages calculated for each analyte.

Acceptance criteria 
Total terpene lactones:  5.4%–12.0%
Bilobalide:  2.6%–5.8%
Sum of ginkgolide A, ginkgolide B, and ginkgolide C:  2.8%–6.2%

CONTAMINANTS

•  Articles of Botanical Origin, Pesticide Residues 561 : Meets the requirements

•  Heavy Metals, Method II 231 : NMT 20 µg/g

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
the absence of Salmonella species and Escherichia coli

SPECIFIC TESTS

Add the following:
•  Limit of Rutin and Quercetin

Solution A:  0.1% of formic acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 2.
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Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
40 64 36
45 0 100
50 0 100
51 90 10
60 90 10

Standard solution:  Prepare a composite solution of 0.4 mg/mL USP Rutin RS and 0.05
mg/mL USP Quercetin RS in methanol. Sonicate to dissolve, if necessary, and mix well.

Sample solution:  Transfer 100 mg of Powdered Extract into a 10-mL volumetric flask. Add
about 7 mL of methanol, and sonicate to dissolve. Dilute with methanol to volume, and mix
well. Pass through a filter of 0.45-µm or finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm base-deactivated packing L1

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times are 1.0 and 1.8 for rutin and quercetin, respectively.]
Suitability requirements 

Column efficiency:  NLT 15,000 theoretical plates for the rutin peak and NLT 20,000 for
the quercetin peak

Tailing factor:  0.8–2.0 for the rutin peak
Relative standard deviation:  NMT 2.0% for the rutin peak in repeated injections
[Note—If deterioration of peak shapes is observed, wash the column using a mixture of

acetonitrile and water (9:1) at 1.0 mL/min for 30 min.]
Analysis 

Samples:  Standard solution and Sample solution

Use the chromatogram of the Standard solution to identify the rutin and quercetin peaks.
Calculate the percentages of rutin and quercetin in the portion of Powdered Extract
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of the relevant analyte from the Standard solution
CS= concentration of USP Rutin RS or USP Quercetin RS in the Standard solution (mg/mL)
CU= concentration of Powdered Extract in the Sample solution (mg/mL)
Acceptance criteria:  NMT 4% of rutin and NMT 0.5% of quercetin

•  Limit of Ginkgolic Acids
2S (USP37)
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Solution A:  0.01% phosphoric acid in water
Solution B:  0.01% phosphoric acid in acetonitrile
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 25 75
6 10 90
7 10 90
8 25 75
10 25 75

Standard solution:  Dissolve USP Ginkgolic Acids RS in methanol, and dilute, if necessary,
with water to obtain a concentration of 0.25 µg/mL of ginkgolic acids, calculated as the
sum of the congeners ginkgolic acid C13:0, ginkgolic acid C15:1, and ginkgolic acid C17:1.

Sample solution:  Transfer 0.5 g of Powdered Extract to a 10-mL volumetric flask. Add 8
mL of methanol to dissolve, and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 5-cm; base-deactivated packing L7

Column temperature:  35
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Chromatogram similarity:  The chromatogram is similar to the reference chromatogram
provided with the lot of USP Ginkgolic Acids RS being used.

Tailing factor:  NMT 2.0 for the ginkgolic acid C15:1 peak
Relative standard deviation:  NMT 5.0% for the ginkgolic acid C15:1 peak in repeated

injections
Analysis 

Samples:  Standard solution and Sample solution
[Note—Identify the peaks of the relevant analytes by comparison with the reference

chromatogram of the USP Ginkgolic Acids RS lot being used. If deterioration of peak
shapes is observed, wash the column using a mixture of methanol and water (9:1) for 30
min.]

Calculate the concentration, in µg/g, of each ginkgolic acid in the portion of Powdered
Extract taken:

Result = (rU/rS) × (CS/W) × P × 10

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of the relevant analyte from the Standard solution
CS= concentration of USP Ginkgolic Acids RS in the Standard solution (mg/mL)
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W= weight of Powdered Extract taken to prepare the Sample solution (mg)
P= content of the relevant ginkgolic acid in USP Ginkgolic Acids RS (µg/g)

Calculate the total amount of ginkgolic acids by adding the individual contents.
Acceptance criteria:  NMT 5 µg/g

•  Loss on Drying 731
Sample:  1.0 g of Powdered Extract

Analysis:  Dry the Sample at 105  for 2 h.
Acceptance criteria:  NMT 5.0%

•  Other Requirements: Meets the requirements for Residual Solvents in Botanical Extracts 

565

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, protect from moisture,

and store at controlled room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was prepared. The label also indicates the content of flavonol
glycosides and of terpene lactones, the extracting solvent used for preparation, and the
ratio of the starting crude plant material to the Powdered Extract.

•  USP Reference Standards 11
USP Chlorogenic Acid RS 
USP Ginkgo Terpene Lactones RS 
USP Ginkgolic Acids RS 
USP Isorhamnetin RS 
USP Kaempferol RS 
USP Quercetin RS 
USP Rutin RS 

1  Suitable commercially available material is Extrelut® NT 20 from E. Merck Science.

BRIEFING

Glycyl-l-Glutamine. Because there is no existing USP monograph for this dietary ingredient, a
new monograph is being proposed. The liquid chromatographic procedures in the Assay and
the test for Related Compounds are based on analyses performed with the Spherisorb Amino
(NH2) brand of L8 column. Typical retention times observed for cyclo (gly-gln), glutamine,
pyroglutamic acid, glycine, glycyl-l-glutamine, gly-gly-glutamine, and glycyl-glutamic acid
are 6.5, 12.5, 12.9, 13.5, 23.0, 28.2, and 50 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C110584

Comment deadline: September 30, 2013

Add the following:
Glycyl-l-Glutamine

PF 39(4): Jul.-Aug. 2013 198



C7H13N3O4·H2O       221.21 

l-2-(Amino acetamide)-4-amino-4-oxo-butanoic acid monohydrate;     
Glycyl-l-glutamine hydrate     [13115-71-4].

DEFINITION

Glycyl-l-Glutamine contains NLT 98.0% and NMT 101.5% of glycyl-l-glutamine (C7H13N3O4),
calculated on the anhydrous and solvent-free basis, and excluding glycine and glutamine.

IDENTIFICATION

•  A. Infrared Absorption 197A

•  B. It meets the requirements for Optical Rotation, Specific Rotation 781S  in Specific
Tests.

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Related Compounds.

ASSAY
•  Procedure

Sample:  300 mg
Blank:  Mix 5 mL of formic acid with 50 mL of glacial acetic acid.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 5 mL of formic acid, add 50 mL of glacial acetic acid, and
titrate with the Titrant. Perform the Blank determination, and make any necessary
correction. 
Calculate the percentage of glycyl-l-glutamine (C7H13N3O4) in the Sample taken:

Result1 = [(VS  VB) × N × (F/W)] × 100

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 203.2 mg/mEq
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W= Sample weight (mg)

Calculate the percentage of glycyl-l-glutamine (C7H13N3O4) in the Sample taken,
excluding glycine and glutamine:

Result2 = [(Result1  a  b)]/[(100  Gly  Gln)] × 100

a = Gly × (Mr1/Mr2)

b = Gln × (Mr1/Mr3)

Gly= percentage of glycine from the Related Compounds test
Gln= percentage of glutamine from the Related Compounds test
Mr1= molecular weight of glycyl-l-glutamine, 203.2
Mr2= molecular weight of glycine, 75.1
Mr3= molecular weight of glutamine, 146.1
Acceptance criteria:  98.0%–101.5% on the anhydrous and solvent-free basis, and

excluding glycine and glutamine

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221
Sample:  0.89 g
Standard solution:  0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria:  NMT 200 µg/g

•  Chloride and Sulfate, Sulfate 221
Sample:  0.96 g
Standard solution:  0.20 mL of 0.010 N sulfuric acid
Acceptance criteria:  NMT 200 µg/g

•  Iron 241 : NMT 10 µg/g

•  Residual Solvents 467
Acceptance criteria 

Ethanol:  NMT 0.5%

[Note—For the Acceptance criteria for any other residual solvents, see Residual Solvents 467

.]
•  Limit of Ammonium

Standard stock solution:  Dissolve 1.486 g of ammonium chloride in 500.0 mL of water.
Standard calibration solutions:  Transfer 0.01, 0.1, 1.0, and 10.0 mL of Standard stock

solution into separate 100-mL volumetric flasks, and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 µg/mL of ammonium ions (NH4

+), respectively.
Sample solution:  Transfer 1.0 g of Glycyl-l-Glutamine to a 150-mL beaker containing a

plastic-coated stirring bar, add 100.0 mL of water, and stir until dissolved.
Electrode system:  Use a gas-sensing, ammonia-specific indicating electrode with internal

reference connected to a pH meter capable of measuring potentials with a minimum

reproducibility of ±0.1 mV (see pH 791 ). Condition the electrode according to the
manufacturer's instructions.
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Analysis 
Standard response line:  Transfer 100 mL of water into a 150-mL beaker containing a

plastic-coated stirring bar, insert the electrode into the water, stir, and measure the
potential. Add 1 mL of 10 N sodium hydroxide solution, stir, and measure the potential
after stabilization (about 3 min). The potential difference must be below 20 mV. Transfer
100.0 mL of each of Standard calibration solutions (0.1, 1, 10, 100 µg/mL of ammonium
ions) into separate 150-mL beakers, and add 1 mL of 10 N sodium hydroxide. Insert the
electrode into each solution, stir, and measure the potential after stabilization (about 3
min). Plot a curve (four calibration points) of the potential (mV) as function of
ammonium ion concentrations (µg/mL).

Sample:  Sample solution 
Rinse the electrode, insert it into the Sample solution, add 1 mL of 10 N sodium
hydroxide, and stir. Check the pH, which must be above 11; if not, adjust with 10 N
sodium hydroxide. After 3 min, measure the potential, and determine the corresponding
ammonium ion concentration from the calibration curve.

Calculate the content of ammonium in the portion of the Sample taken:

Result = (V × C)/W

V= volume of the Sample solution (mL)
C= concentration of ammonium ions in the Sample solution determined from the Standard

response line (µg/mL)
W= weight of Glycyl-l-Glutamine taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 200 µg/g

•  Related Compounds
Buffer solution:  Dissolve 6.84 g of potassium phosphate in 1000 mL of water.
Mobile phase:  Acetonitrile and Buffer solution (65:35)
System suitability solution:  Transfer 25 mg of USP l-Alanyl-l-Glutamine RS and 5 mg of

USP l-Alanyl-Alanine RS into a 25-mL volumetric flask, and dilute with water to volume.
Transfer 1.0 mL of this solution into a 10-mL volumetric flask containing 20 mg of USP
Glycyl-l-Glutamine RS, and dilute with Mobile phase to volume.

Standard solution 1:  0.0125 mg/mL of USP Glutamine RS in Mobile phase
Standard solution 2:  0.025 mg/mL of USP Glycine RS in Mobile phase
Sample solution:  2.5 mg/mL of Glycyl-l-Glutamine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L8
Flow rate:  0.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for l-alanyl-l-alanine, l-alanyl-l-glutamine, and

glycyl-l-glutamine are 0.83, 0.96, and 1.0, respectively.]
Suitability requirements 

Column efficiency:  NLT 8000 theoretical plates for the l-alanyl-l-glutamine peak
Resolution:  NLT 2.0 between l-alanyl-l-glutamine and l-alanyl-l-alanine
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Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of glutamine and glycine in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of glutamine or glycine from the Sample solution
rS= peak response of glutamine from Standard solution 1 or glycine from Standard solution 2
CS= concentration of USP Glutamine RS in Standard solution 1 (mg/mL) or concentration of

USP Glycine RS in Standard solution 2 (mg/mL)
CU= concentration of Glycyl-l-Glutamine in the Sample solution (mg/mL)

Calculate the percentage of any other specified and unspecified impurities in the portion
of the Sample taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity
rT= sum of the responses of all the peaks, excluding peak responses of glycine and

glutamine
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Cyclo(gly-gln) 0.28 0.2
Glutamine 0.54 0.5
Pyroglutamic acid 0.56 0.1
Glycine 0.59 1.0
Gly-gly-gln 1.20 0.3
Gly-glu 2.10 0.2
Any unspecified impurity — 0.1
Total unspecified impurities — 0.5

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S

Sample solution:  100 mg/mL in 2 N hydrochloric acid. Perform the measurement at 20 .

Acceptance criteria:  5.5  to 7.5  on the anhydrous basis

•  Water Determination, Method Ia 921 : 7.0%–9.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.

•  USP Reference Standards 11
USP l-Alanyl-l-Alanine RS
USP l-Alanyl-l-Glutamine RS
USP Glutamine RS 
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USP Glycine RS 
USP Glycyl-l-Glutamine RS

BRIEFING

Glycyl-l-Tyrosine. Because there is no existing USP monograph for this dietary ingredient, a
new monograph is being proposed. The liquid chromatographic procedures in the Assay and
the test for Related Compounds are based on analyses performed with the Spherisorb Amino
(NH2) brand of L8 column. Typical retention times observed for cyclo (gly-tyr), pivaloyl-l-
tyrosine, tyrosine, glycyl-l-tyrosine, glycine, and glycyl-glycyl-tyrosine are 4.8, 5.6, 7.8,
11.7, 13.5, and 14.9 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C110585

Comment deadline: September 30, 2013

Add the following:
Glycyl-l-Tyrosine

C11H14N2O4·2H2O       274.27 

l-2-Aminoacetamide-3-(parahydroxyphenyl) propionic acide dihydrate;     
Glycyl-l-tyrosine dihydrate     [658-79-7].

DEFINITION

Glycyl-l-Tyrosine contains NLT 98.0% and NMT 101.5% of glycyl-l-tyrosine (C11H14N2O4),
calculated on the anhydrous and solvent-free basis, and excluding glycine and tyrosine.

IDENTIFICATION

•  A. Infrared Absorption 197A

•  B. It meets the requirements for Optical Rotation, Specific Rotation 781S  in Specific
Tests.

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Related Compounds.

ASSAY
•  Procedure

2S (USP37)
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Sample:  300 mg
Blank:  Mix 5 mL of formic acid with 50 mL of glacial acetic acid.
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 5 mL of formic acid, add 50 mL of glacial acetic acid, and
titrate with the Titrant. Perform the Blank determination, and make any necessary
correction. 
Calculate the percentage of glycyl-l-tyrosine (C11H14N2O4) in the Sample taken:

Result1 = [(VS  VB) × N × (F/W)] × 100

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 238.2 mg/mEq
W= Sample weight (mg)

Calculate the percentage of glycyl-l-tyrosine (C11H14N2O4) in the Sample taken, excluding
glycine and tyrosine:

Result2 = [(Result1  a  b)]/[(100  Gly  Tyr)] × 100

a = Gly × (Mr1/Mr2)

b = Tyr × (Mr1/Mr3)

Gly= percentage of glycine from the Related Compounds test
Tyr= percentage of tyrosine from the Related Compounds test
Mr1= molecular weight of glycyl-l-tyrosine, 238.2
Mr2= molecular weight of glycine, 75.1
Mr3= molecular weight of tyrosine, 181.2
Acceptance criteria:  98.0%–101.5% on the anhydrous and solvent-free basis, and

excluding glycine and tyrosine

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221
Sample:  0.89 g
Standard solution:  0.50 mL of 0.010 N hydrochloric acid
Acceptance criteria:  NMT 200 µg/g

•  Chloride and Sulfate, Sulfate 221
Sample:  0.96 g
Standard solution:  0.20 mL of 0.010 N sulfuric acid
Acceptance criteria:  NMT 200 µg/g

•  Iron 241 : NMT 10 µg/g
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•  Residual Solvents 467
Acceptance criteria 

Ethanol:  NMT 0.5%

[Note—For the Acceptance criteria for any other residual solvents, see Residual Solvents 467

.]
•  Limit of Ammonium

Standard stock solution:  Dissolve 1.486 g of ammonium chloride in 500.0 mL of water.
Standard calibration solutions:  Transfer 0.01, 0.1, 1.0, and 10.0 mL of Standard stock

solution into separate 100-mL volumetric flasks and dilute with water to volume. The final
concentrations are 0.1, 1, 10, and 100 µg/mL of ammonium ions (NH4

+), respectively.
Sample solution:  Transfer 1.0 g of Glycyl-l-Tyrosine to a 150-mL beaker containing a

plastic-coated stirring bar, add 100.0 mL of water, and stir until dissolved.
Electrode system:  Use a gas-sensing, ammonia-specific indicating electrode with internal

reference connected to a pH meter capable of measuring potentials with a minimum

reproducibility of ±0.1 mV (see pH 791 ). Condition the electrode according to the
manufacturer's instructions.

Analysis 
Standard response line:  Transfer 100 mL of water into a 150-mL beaker containing a

plastic-coated stirring bar, insert the electrode into the water, stir, and measure the
potential. Add 1 mL of 10 N sodium hydroxide solution, stir, and measure the potential
after stabilization (about 3 min). The potential difference must be below 20 mV. Transfer
100.0 mL of each of Standard calibration solutions (0.1, 1, 10, 100 µg/mL of ammonium
ions) into separate 150-mL beakers, and add 1 mL of 10 N sodium hydroxide. Insert the
electrode into each solution, stir, and measure the potential after stabilization (about 3
min). Plot a curve (four calibration points) of the potential (mV) as function of
ammonium ion concentrations (µg/mL).

Sample:  Sample solution 
Rinse the electrode, insert it into the Sample solution, add 1 mL of 10 N sodium
hydroxide, and stir. Check the pH, which must be above 11; if not, adjust with 10 N
sodium hydroxide. After 3 min, measure the potential, and determine the corresponding
ammonium ion concentration from the calibration curve.

Calculate the content of ammonium in the portion of the Sample taken:

Result = (V × C)/W

V= volume of the Sample solution (mL)
C= concentration of ammonium ions in the Sample solution determined from the Standard

response line (µg/mL)
W= weight of Glycyl-l-Tyrosine taken to prepare the Sample solution (g)
Acceptance criteria:  NMT 200 µg/g

•  Related Compounds
Buffer solution:  Dissolve 6.84 g of potassium phosphate in 1000 mL of water.
Mobile phase:  Acetonitrile and Buffer solution (65:35)
System suitability solution:  Transfer 25 mg of USP l-Alanyl-l-Glutamine RS and 5 mg of

USP l-Alanyl-Alanine RS into a 25-mL volumetric flask, and dilute with water to volume.
Transfer 1.0 mL of this solution into a 10-mL volumetric flask containing 20 mg of USP
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Glycyl-l-Tyrosine RS, and dilute with Mobile phase to volume.
Standard solution 1:  0.037 mg/mL of USP Tyrosine RS in Mobile phase
Standard solution 2:  0.025 mg/mL of USP Glycine RS in Mobile phase
Sample solution:   2.5 mg/mL of Glycyl-l-Tyrosine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L8
Flow rate:  0.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for glycyl-l-tyrosine, l-alanyl-l-alanine, and l-alanyl-l-

glutamine are 1.0, 1.6, and 1.8, respectively.]
Suitability requirements 

Column efficiency:  NLT 8000 theoretical plates for the l-alanyl-l-glutamine peak
Resolution:  NLT 2.0 between l-alanyl-l-glutamine and l-alanyl-l-alanine

Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of tyrosine and glycine in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of tyrosine or glycine from the Sample solution
rS= peak response of tyrosine from Standard solution 1 or glycine from Standard solution 2
CS= concentration of USP Tyrosine RS in Standard solution 1 (mg/mL) or concentration of

USP Glycine RS in Standard solution 2 (mg/mL)
CU= concentration of Glycyl-l-Tyrosine in the Sample solution (mg/mL)

Calculate the percentage of any other specified and unspecified impurities in the portion
of the Sample taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity
rT= sum of the responses of all the peaks, excluding peak responses of glycine and tyrosine
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Cyclo(gly-tyr) 0.41 0.2
Pivaloyl-l-tyrosine 0.48 0.1
Tyrosine 0.67 1.5
Glycine 1.15 1.0
Gly-gly-tyr 1.27 0.3
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Any unspecified impurity — 0.1
Total unspecified impurities — 0.5

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S

Sample solution:  20 mg/mL in water. Perform the measurement at 20 .

Acceptance criteria:  +46.0  to +50.0  on the anhydrous basis

•  Water Determination, Method Ia 921 : 10.0%–16.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.

•  USP Reference Standards 11
USP Alanyl-l-Alanine RS
USP l-Alanyl-l-Glutamine RS
USP Glycine RS 
USP Glycyl-l-Tyrosine RS
USP Tyrosine RS

BRIEFING

Krill Oil, PF 37(5) [Sept.–Oct. 2011]. On the basis of comments received, the following
changes are proposed to the Krill Oil monograph originally proposed in PF 37(5).

1. The Definition is modified to broaden the sources from which the krill oil is derived and
to specify the organic solvent grade used during the extraction process. The
specifications for total phospholipids content are added. The content specifications
for DHA, EPA, and astaxanthin are changed to reflect the wide range of commercially
available sources of krill oil.

2. Replace the GC procedure in the test for Fatty Acid Profile with the procedure in the
test for Content of EPA and DHA. Thus, using one chromatographic system, the fatty
acids profile, EPA and DHA, can be determined.

3. Modify the Fatty Acids Profile (Table 1) to reflect the various sources of krill oil available
on the market.

4. Replace the TLC procedure in the test for Phospholipid Profile with the 31P NMR
procedure in the test for Content of Total Phospholipids.

5. Add the Content of Total Phospholipids test using the 31P NMR procedure to
quantitatively determine the content of total phospholipids in krill oil.

(DS: H. Dinh.)
Correspondence Number—C128343

Comment deadline: September 30, 2013

Add the following:
Krill Oil

DEFINITION

2S (USP37)
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Krill Oil is the fixed oil extracted from Antarctic krill (Euphausia superba Dana) biomass using
appropriate food grade organic solvents. Krill Oil contains NLT 28% (w/w) and NMT 52% (w/w)
of total phospholipids, of which 60% to 90% is phosphatidylcholine. It contains NLT 10% (w/w)
of eicosapentaenoic acid (EPA) and NLT 5.0% (w/w) of docosahexaenoic acid (DHA) in the form
of phospholipids. It also contains NLT 0.01% of astaxanthin.

IDENTIFICATION
•  A. Fatty Acid Profile

Antioxidant solution, System suitability solution 1, and Chromatographic system:

 Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination
and Profile.

Standard solution:  Prepare as directed in Test Solution 1 in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, except use 250 mg of USP Krill Oil RS.

Sample solution:  Prepare as directed in the Standard solution, except replace USP Krill Oil
RS with Krill Oil.

System suitability 
Samples:  System suitability solution 1 and Standard solution
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from the Standard solution is
similar to the reference chromatogram provided with the lot of USP Krill Oil RS being
used.

Resolution:  NLT 1.0 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution

Theoretical area percentages:  Meets the requirements for System suitability solution
1

Analysis 
Sample:  Sample solution 

Identify the retention times of the relevant fatty acid methyl esters in the Sample
solution by comparing the chromatogram of the Sample solution with that of the
Standard solution and the USP reference chromatogram.

Calculate the area percentage for each fatty acid as methyl esters in the portion of Krill
Oil taken:

Result = (rA/rB) × 100

rA= peak area of each individual fatty acid from the Sample solution
rB= total area from all peaks, except the solvent and butylated hydroxytoluene peaks, from

the Sample solution
Acceptance criteria:   The fatty acids obtained from the Sample solution meet the limit

requirements in Table 1.

Table 1

Fatty Acid
Shorthand

Notation
Lower Limit

(Area %)
Upper Limit

(Area %)

Monounsaturated fatty acids   
Palmitoleic acid 16:1 n-7 2.5 6.9
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cis-Vaccenic acid 18:1 n-7 4.7 7.0
Oleic acid 18:1 n-9 7.0 10.9
Eicosenic acid 20:1 n-9 0.1 1.2
Erucic acid 22:1 n-9 0.0 0.9
Polyunsaturated fatty acids   
Linoleic acid 18:2 n-6 1.4 2.1

-Linolenic acid 18:3 n-3 0.5 1.9
Moroctic acid 18:4 n-3 2.6 6.3
Eicosapentaenoic acid 20:5 n-3 15.8 22.1
Dososapentaenoic acid 22:5 n-3 0.4 0.6
Docosahexaenoic acid 22:6 n-3 8.8 13.2

•  B. Phospholipid Profile
Solution A, Line shape standard, Sensitivity standard (1H), Sensitivity standard

(31P), Internal standard, Sample solution, Standard solution, Instrumental
conditions, System suitability, and Analysis:  Proceed as directed in the test for
Content of Total Phospholipids.

Acceptance criteria:  The Sample solution contains all of the following phospholipids:
phosphatidylcholine (60%–90% (w/w) of the total phospholipids content),
lysophosphatidylcholine (as a mixture of 1-lysophosphatidylcholine and 2-
lysophosphatidylcholine), and phosphatidylethanolamine.

COMPOSITION
•  Content of EPA and DHA

Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard solution
2b, System suitability solution 1, and Chromatographic system:  Proceed as directed

in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.

Test solution 1:  Prepare as directed in Test Solution 1 in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, except use 250 mg of Krill Oil.

Test solution 2:  Prepare as directed in Test Solution 2 in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, except use 250 mg of Krill Oil.

Analysis:  Proceed as directed in the Analysis (for triglycerides) in Fats and Fixed Oils 401

, Omega-3 Fatty Acids Determination and Profile.
Acceptance criteria:  NLT 10.0% (w/w) of EPA and NLT 5.0% (w/w) of DHA

•  Content of Total Phospholipids 

(See Nuclear Magnetic Resonance Spectroscopy 761 , Qualitative and Quantitative NMR
Applications).

[Note—All deuterated solvents used in this method should be NLT 99.8 atom % D. Whenever
water is used in this method, it should be of sufficient quality to ensure that no trace
metals or other contaminants that may affect the analysis are present.]

Solution A:  0.2 M EDTA, adjusted with a 1 M cesium carbonate solution to a pH of 7.2–7.5.
Document the final pH and the amount of 1 M cesium carbonate solution necessary to
attain the desired pH. [Note—Use cesium carbonate of a sufficient grade for trace metals
analysis.]

Line shape standard (1H):  1% chloroform in acetone-d6
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Sensitivity standard (1H):  0.1% ethylbenzene in chloroform-d
Sensitivity standard (31P):  0.0485 M triphenyl phosphate in acetone-d6

Internal standard:  Use a suitable triphenyl phosphate NMR analytical standard.
Sample solution:  [Note—NMR solvents containing tetramethylsilane (TMS) are readily

available. If the solvents used do not contain TMS, it must be added to the Sample
solution at an approximate concentration of 0.05% (v/v) for use as a chemical shift scale
reference.]Transfer 300–350 mg of Krill Oil to a 5-mL sealable glass vial. Add 25.0 mg of
the Internal standard to the vial. Add 1 mL each of deuterated chloroform (chloroform-d)
and deuterated methanol (methanol-d4) of a grade suitable for NMR analysis to the vial to
dissolve the sample. Once dissolution is complete, add 1 mL of Solution A, seal the vial,
and shake the solution for 10–20 min, then centrifuge the contents of the vial. Transfer
the lower organic phase to an appropriate NMR tube. It is critical to collect the entire
organic phase and transfer it to the NMR tube. It may be unavoidable to also transfer
small amounts of the aqueous phase when collecting the organic phase in the NMR tube.
This is acceptable practice, so long as the aqueous phase remains completely separated
and atop the organic phase in the NMR tube. The entire amount of aqueous phase must
be above the probe's radio frequency (RF) coil (outside the analysis area of the tube).
Should the organic phase contain undissolved materials, they must remain suspended at
the aqueous-organic interface and be outside the analysis area of the tube as well. The
organic phase must be free of bubbles and suspended materials that may interfere with
NMR data acquisition.

Standard solution:  Prepare as directed in the Sample solution, using 300–350 mg of USP
Krill Oil RS in place of the sample.

Instrumental conditions  

(See Nuclear Magnetic Resonance Spectroscopy 761 .)
Magnetic field strength:  NLT 300 MHz
Probe:  Direct observe probe capable of tuning to the resonance frequency of 31P

(dependent on the specific magnetic field strength used)
Instrument performance qualification 
[Note—Testing for sensitivity and line shape should be performed on the interval specified

by the manufacturer of the instrument used. Performing these tests on a minimum of a
monthly basis is required for this method, but may be done more often, as required.
Resolution testing is to be performed during each analysis and documented as a part of
the analytical results.]
1H Line shape test:  Using the Line shape standard (1H) and the protocol recommended

by the instrument manufacturer, the instrument must achieve the line shape
specifications for the probe in use, as required by the instrument manufacturer. [Note
—A different standard solution may be required or recommended by the manufacturer
of the instrument; 1% chloroform in acetone-d6 is most commonly used.]

1H Sensitivity test:  Using the Sensitivity standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the sensitivity
specifications required by the instrument manufacturer. [Note—A different standard
solution may be required or recommended by the manufacturer of the instrument;
0.1% ethylbenzene in chloroform-d is most commonly used.]

31P Sensitivity test:  Using the Sensitivity standard (31P) and the protocol
recommended by the instrument manufacturer, the instrument must achieve the
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sensitivity specifications required by the instrument manufacturer. [Note—A different
standard solution may be required or recommended by the manufacturer of the
instrument; 0.0485 M triphenyl phosphate in acetone-d6 is most commonly used.]

1H Resolution test:  The resolution is demonstrated by the ability to detect both of the
29Si satellite signals of TMS. The satellites must be resolved from the TMS signal in
the spectrum with a line broadening factor of NMT 0.5 ppm.

31P Resolution test:  The resolution is demonstrated using the phosphatidylcholine
ether peak and the phosphatidylcholine peak. The separation of these peaks (with line
broadening factor of 1.0) must be demonstrated as follows. Using the baseline as a
reference, determine the total peak height of the phosphatidylcholine ether peak, and
draw a line at 30% of that total peak height (intensity). The phosphatidylcholine ether
peak and the neighboring phosphatidylcholine peak must be fully resolved at a point
that is NMT 30% of the peak height of the phosphatidylcholine ether peak.

Data collection:  Use the parameters specified in Table 2. Use 90 degree pulses, and
calibrate pulses before use according to the recommendations supplied by the
instrument manufacturer.

Table 2

Parameter

31P NMR
Quantitative

Measurement

1H NMR
Qualitative

Measurement

Pulse program 1H-decoupled 31P Single pulse 1H

Spectral width

50 ppm (25 ppm to 25

ppm)

20 ppm ( 3 ppm to 17

ppm)

Transmitter offset
Center of spectral width, 0

ppm
Center of spectral width, 7

ppm
Relaxation delay 2–5 s 2–5 s
Acquisition time 1–6 s 1–6 s
Sum of relaxation delay and

acquisition time NLT 15 s NLT 15 s

Size of data set
NLT 64k (32k with zero-

filling)
NLT 64k (32k with zero-

filling)
[Note—The acquisition time is dependent upon the field strength and the time domain.

The number of scans acquired using a 300 MHz instrument must be NLT 512.]
System suitability:  Under the conditions outlined in Data collection, the 31P NMR signal of

triphenyl phosphate should be observed at 17.80 ppm, and the 1H NMR spectrum should
be referenced to the 1H signal of TMS (0 ppm) for all spectra acquired in the Analysis. For
quantitative analysis, a sufficient number of scans should be acquired such that the
signal-to-noise ratio for the phosphatidylcholine signal in the 31P spectrum of the Sample
solution acquired in the Analysis is NLT 2000.

Analysis:  Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum
(fingerprint) of the Sample solution and the Standard solution as well as the quantitative
31P spectrum of the Sample solution and the Standard solution. Record the resulting
spectra, and perform integration by hand or automated means on the quantitative 31P
NMR spectrum of the Sample solution. Integration of the peaks contained in the spectrum
of the Sample solution must be performed such that the complete set of phospholipid
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peaks (as identified by comparison to the spectrum of the Standard solution and its
Reference Spectrum) is included in the integration. The integration region for each signal
must extend ±0.05 ppm on either side of the 31P signal. Quantify the total phospholipids
present, the phosphatidylcholine ether content, and the phosphatidylcholine content in
the Sample solution using comparison to the concentration of the Internal standard. 
Compare the 1H spectrum of the Sample solution to that of the Standard solution to
determine the similarity of fingerprints according to which phospholipids identified in the
Reference Spectrum of the Standard solution are present in the spectrum of the Sample
solution.

Acceptance criteria 
Total phospholipids:  28%–52% (w/w)
Phosphatidylcholine:  60%–90% (w/w) of the Total phospholipids content

•  Content of Astaxanthin
[Note—Perform this analysis in subdued light, using low-actinic glassware.]

Sample solution:  0.005 g/mL in chloroform. [Note—If the solution is not clear, centrifuge it
with an appropriate centrifuge to obtain a clear supernatant.]

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength:  486 nm
Cell path:  1 cm
Blank:  Chloroform

Analysis 
Sample:  Sample solution

Calculate the percentage of astaxanthin in the portion of Krill Oil taken:

Result = A/(F × C)

A= absorbance of the Sample solution
F= coefficient of extinction (E1%) of pure astaxanthin in chloroform (100 mL · g 1·cm 1),

1692
C= concentration of the Sample solution (g/mL)
Acceptance criteria:  NLT 0.01%

CONTAMINANTS

•  Fats and Fixed Oils 401 : NMT 0.1 ppm each of Pb, Cd, inorganic As, and Hg
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by method No. 1613 revision B of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by method
No. 1668 revision A of the Environmental Protection Agency.

Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of WHO toxic
equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs (polychlorinated biphenyls,
non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and PCB-169, and mono-ortho
IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-156, PCB-157, PCB-167, and
PCB-189) is NMT 3.0 pg/g of WHO toxic equivalents.
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SPECIFIC TESTS
•  Astaxanthin Esterification

Standard solution A:  10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone

Standard solution B:  10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution:  250 mg/mL of Krill Oil in acetone
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC

Adsorbent:  0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110  for
1 h before use.]

Application volume:  5 µL
Developing solvent system:  Hexane and acetone (70:30)

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.

Acceptance criteria:  The principal spot from Standard solution B, located in the bottom
half of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot,
in the same location. The principal spots from Standard solution A are from monoesters
(primary spot, located slightly above the middle of the plate) and diesters (secondary
spot, located in the top third of the plate). The principal spot from the Sample solution
should correspond in color and RF value to the diester spot from Standard solution A. The
secondary spot from the Sample solution should correspond in color and approximately the
same RF value to the monoester spot from Standard solution A. [Note—Slight differences
in RF values within monoester spots and within diester spots may exist because of
different intensities.]

•  Fats and Fixed Oils, Acid Value 401 : 170–190

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0 mEq peroxide/kg

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature. It may be bottled or otherwise packaged in containers from
which air has been expelled by production of a vacuum or by an inert gas.

•  Labeling: The label states the average content of DHA and EPA in mg/g. It also states the
name and concentration of any added antioxidant.

•  USP Reference Standards 11
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Astaxanthin (Synthetic) RS 
USP Docosahexaenoic Acid Ethyl Ester RS 
USP Eicosapentaenoic Acid Ethyl Ester RS 
USP Krill Oil RS
USP Methyl Tricosanoate RS 
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BRIEFING

Vinpocetine Capsules. Because there is no existing USP monograph for this dietary
supplement dosage form, a new monograph is being proposed. USP is willing to replace the
currently proposed Disintegration requirements with a dissolution test in the future.
Interested parties are encouraged to submit dissolution analysis for this dosage form.

(DS: N. Davydova.)
Correspondence Number—C130472

Comment deadline: September 30, 2013

Add the following:
Vinpocetine Capsules

DEFINITION

Vinpocetine Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of vinpocetine
(C22H26N2O2).

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Medium:  Alcohol
Standard solution:  15 µg/mL of USP Vinpocetine RS in Medium
Sample solution:  Equivalent to 15 µg/mL of vinpocetine from Capsule contents in Medium
Acceptance criteria:  The spectra of the Sample solution and Standard solution exhibit

maxima and minima at the same wavelengths.
•  B. HPLC: The retention time of the major peak of the Sample solution corresponds to that of

the Standard solution, as obtained in Strength.

STRENGTH
•  Procedure

Solution A:  15.4 g/L of ammonium acetate in water
Mobile phase:  Acetonitrile and Solution A (55:45)
Standard solution:  0.2 mg/mL of USP Vinpocetine RS in Mobile phase
Sample solution:  Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,

without the loss of shell material, and transfer the contents to a suitable beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Dissolve a
portion of the Capsule contents in acetonitrile with sonication for 5 min. Allow the solution
to cool to room temperature, dilute with acetonitrile to get a solution with a nominal
concentration of 0.2 mg/mL of vinpocetine, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm

2S (USP37)
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Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  15 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of vinpocetine (C22H26N2O2) in the
portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Vinpocetine RS in the Standard solution (mg/mL)
CU= nominal concentration of vinpocetine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Disintegration

•  Weight Variation 2091 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Vinpocetine RS 

BRIEFING

Vinpocetine Tablets. Because there is no existing USP monograph for this dietary supplement
dosage form, a new monograph is being proposed.

(DS: N. Davydova.)
Correspondence Number—C130241

Comment deadline: September 30, 2013

Add the following:
Vinpocetine Tablets

DEFINITION

Vinpocetine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of vinpocetine
(C22H26N2O2).

IDENTIFICATION

2S (USP37)
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•  A. Ultraviolet Absorption 197U
Medium:  Alcohol
Standard solution:  15 µg/mL of USP Vinpocetine RS in Medium
Sample solution:  Equivalent to 15 µg/mL of vinpocetine from finely powdered Tablets in

Medium
Acceptance criteria:  The spectra of the Sample solution and Standard solution exhibit

maxima and minima at the same wavelengths.
•  B. HPLC: The retention time of the major peak of the Sample solution corresponds to that of

the Standard solution, as obtained in Strength.

STRENGTH
•  Procedure

Solution A:  15.4 g/L of ammonium acetate in water
Mobile phase:  Acetonitrile and Solution A (55:45)
Standard solution:  0.2 mg/mL of USP Vinpocetine RS in Mobile phase
Sample solution:  Dissolve a portion from NLT 20 finely powdered Tablets in acetonitrile by

shaking thoroughly and sonicating for 5 min. Allow the solution to cool to room
temperature, dilute with acetonitrile to get a solution nominally equivalent to 0.2 mg/mL of
vinpocetine, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  15 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of vinpocetine (C22H26N2O2) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Vinpocetine RS in the Standard solution (mg/mL)
CU= nominal concentration of vinpocetine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Dissolution
Medium:  0.1 N hydrochloric acid; 900 mL
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Apparatus 1:  100 rpm
Time:  30 min
Sample solution:  Withdraw a portion of the solution under test, pass through a suitable

filter, and use the pooled sample as the test specimen.
Standard solution:  Dissolve a suitable amount of USP Vinpocetine RS in Medium to obtain

a concentration similar to that of the Sample solution.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV absorption spectroscopy
Analytical wavelength:  UV 268 nm
Blank:  Medium

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of the labeled amount of vinpocetine (C22H26N2O2) dissolved:

Result = (AU/AS) × [CS × (V/L)] × 100

AU= absorbance of vinpocetine from the Sample solution
AS= absorbance of vinpocetine from the Standard solution
CS= concentration of USP Vinpocetine RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of vinpocetine (mg/Tablet)
Tolerances:  NLT 75% of the labeled amount of vinpocetine (C22H26N2O2) is dissolved.

•  Weight Variation 2091 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Vinpocetine RS 

BRIEFING

Excipients, USP and NF Excipients, Listed by Category, page 5895 of the First
Supplement to USP 36. It is proposed to change the Flavors and Perfumes category to add
Eucalyptus Oil. It is also proposed to change the Coating Agent, Lubricant, Suspending and/or
Viscosity-Increasing Agent, and Wet Binder categories for Glyceryl Behenate to complement
the proposed title change to the Glyceryl Behenate monograph, which also appears in this issue
of PF.

(EXC: H. Wang.)    Correspondence Number—C88333; C132241

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.

2S (USP37)
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Change to read:
Coating Agent

Dosage Form: Tablets and Capsules

Glyceryl Behenate 
[(Title for this monograph—not to change until December 1, 2019.) 

(Prior to December 1, 2019, the current practice of labeling the article of commerce with the
name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use of this name will not be mandatory until
December 1, 2019. The 60-month extension will provide the time needed by manufacturers
and users to make necessary changes.)]

Glyceryl Dibehenate

Change to read:
Flavors and Perfumes

Eucalyptus Oil

Change to read:
Lubricant

Dosage Form: Tablets and Capsules

Glyceryl Behenate 
[(Title for this monograph—not to change until December 1, 2019.) 

(Prior to December 1, 2019, the current practice of labeling the article of commerce with the
name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use of this name will not be mandatory until
December 1, 2019. The 60-month extension will provide the time needed by manufacturers
and users to make necessary changes.)]

Glyceryl Dibehenate

Change to read:
Suspending and/or Viscosity-Increasing Agent

Dosage Form: Semisolids, Topicals, and Suppositories

Glyceryl Behenate 
[(Title for this monograph—not to change until December 1, 2019.) 

(Prior to December 1, 2019, the current practice of labeling the article of commerce with the
name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use of this name will not be mandatory until
December 1, 2019. The 60-month extension will provide the time needed by manufacturers
and users to make necessary changes.)]

Glyceryl Dibehenate

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)
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Change to read:
Wet Binder

Dosage Form: Tablets and Capsules

Glyceryl Behenate 
[(Title for this monograph—not to change until December 1, 2019.) 

(Prior to December 1, 2019, the current practice of labeling the article of commerce with the
name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate will be
permitted as of December 1, 2014; however, the use of this name will not be mandatory until
December 1, 2019. The 60-month extension will provide the time needed by manufacturers
and users to make necessary changes.)]

Glyceryl Dibehenate

BRIEFING

Eucalyptus Oil. Because there is no existing NF monograph for this excipient, a new
monograph is proposed. The test for Content of Aroma Substances is based on a GC method
of analyses performed using the Supelco Wax 10 brand of G16 column. The typical retention

times for (+)- -pinene, -pinene, sabinene, (R)-(–)- -phellandrene, (R)-(+)-limonene,
eucalyptol, and camphor are 7.9, 10.1, 10.5, 11.7, 12.7, 13.4, and 22.9 min, respectively.

Interested parties are encouraged to submit comments.

(EXC: H. Wang.)
Correspondence Number—C88333

Comment deadline: September 30, 2013

Add the following:
Eucalyptus Oil

[8000-48-4].

DEFINITION

Eucalyptus Oil is obtained by steam distillation and rectification from the fresh leaves or the
fresh terminal branchlets of various species of Eucalyptus rich in 1,8-cineole. The species
mainly used are Eucalyptus globulus Labill., Eucalyptus polybractea R.T.Baker, and Eucalyptus
smithii R.T.Baker. It contains NLT 70.0% and NMT 97.9% of eucalyptol (1,8-cineole, C10H18O).

IDENTIFICATION

•  A. Infrared Absorption 197F

•  B. The retention times of the (+)- -pinene, -pinene, (R)-(–)- -phellandrene, (R)-(+)-
limonene, and eucalyptol peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the test for Content of Aroma Substances in the Assay.

ASSAY
•  Content of Aroma Substances

2S (NF32)
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Standard solution A:  1.0 µL/mL of (+)- -pinene, 0.5 µL/mL of -pinene, 0.5 µL/mL of
sabinene, 0.5 µL/mL of (R)-(–)- -phellandrene, 1.0 µL/mL of (R)-(+)-limonene, 5 µL/mL of
USP Eucalyptol RS, and 5 mg/mL of USP Camphor RS in heptane

Standard solution B:  0.01 µL/mL of (R)-(+)-limonene in heptane
Sample solution:  20 µL/mL of Eucalyptus Oil in heptane
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.25-mm × 60-m fused-silica capillary; 0.25-µm layer of phase G16
Temperatures 

Detector:  220

Injection port:  220
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

60 — 60 5
60 5 200 5

Carrier gas:  Helium
Flow rate:  1.5 mL/min
Injection type:  Split injection. The split ratio is 1:50.
Injection volume:  1 µL

System suitability 
Sample:  Standard solution A
[Note—The relative retention times are listed in Table 2.]

Table 2

Name

Relative
Retention

Time

(+)- -Pinene 0.6

-Pinene 0.75
Sabinene 0.8
(R)-(–)- -Phellandrene 0.9
(R)-(+)-Limonene 0.95
Eucalyptol 1.0
Camphor 1.7

System suitability requirements 
Resolution:  NLT 1.5 between (R)-(+)-limonene and eucalyptol

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution
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Identify the peaks in the Sample solution based on those in Standard solution A. 

Calculate the percentage of (+)- -pinene ( -pinene, sabinene, (R)-(–)- -phellandrene,
(R)-(+)-limonene, or eucalyptol) in the portion of Eucalyptus Oil taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of (+)- -pinene ( -pinene, sabinene, (R)-(–)- -phellandrene, (R)-(+)-

limonene, or eucalyptol) from the Sample solution
rS= peak response of (+)- -pinene ( -pinene, sabinene, (R)-(–)- -phellandrene, (R)-(+)-

limonene, or eucalyptol) from the Standard solution
CS= concentration of (+)- -pinene ( -pinene, sabinene, (R)-(–)- -phellandrene, (R)-(+)-

limonene, or USP eucalyptol RS) in the Standard solution (µL/mL)
CU= concentration of Eucalyptus Oil in the Sample solution (µL/mL)

Calculate the percentage of camphor in the portion of Eucalyptus Oil taken:

Result = (rU/rS) × [CS/(CU × D)] × 100

rU= peak response of camphor from the Sample solution
rS= peak response of camphor from the Standard solution
CS= concentration of USP Camphor RS in the Standard solution (mg/mL)
CU= concentration of Eucalyptus Oil in the Sample solution (µL/mL)
D= density of Eucalyptus Oil (mg/µL)
Acceptance criteria:  See Table 3. Disregard any peak with an area less than the area of

the major peak from Standard solution B, corresponding to 0.05%.

Table 3

Name

Acceptance
Criteria, 
NMT (%)

(+)- -Pinene 0.05–10.0
-Pinene 0.05–1.5

Sabinene 0.3
(R)-(–)- -Phellandrene 0.05–1.5
(R)-(+)-Limonene 0.05–15.0
Eucalyptol 70.0–97.9
Camphor 0.1

IMPURITIES
•  Test for Aldehyde

Alcoholic hydroxylamine solution:  Dissolve 3.5 g of hydroxylamine hydrochloride in 95 mL
of 60% alcohol (v/v), add 0.5 mL of a 2-mg/mL solution of methyl orange in 60% alcohol
(v/v) and sufficient 0.5 M potassium hydroxide in 60% alcohol (v/v) to give a pure yellow
color. Dilute with 60% alcohol (v/v) to 100 mL.

Analysis:  In a ground-glass-stoppered tube 25-mm in diameter and 150-mm long, add 10
mL of Eucalyptus Oil. Then add 5 mL of toluene and 4 mL of Alcoholic hydroxylamine
solution. Shake vigorously, and titrate immediately with 0.5 M potassium hydroxide in 60%
alcohol (v/v) until the red color changes to yellow. Continue the titration with shaking,
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observe the endpoint to be reached when the pure yellow color of the indicator is
permanent in the lower layer after shaking vigorously for 2 min and allowing separation to
take place. The reaction is complete in about 15 min. 
Repeat the titration using a further 10 mL of Eucalyptus Oil and, as a reference solution
for the endpoint, the titrated liquid from the first determination to which has been added
0.5 mL of 0.5 M potassium hydroxide in 60% alcohol (v/v).

Acceptance criteria:  NMT 2.0 mL of 0.5 M potassium hydroxide in 60% alcohol (v/v) is
required in the second titration.

SPECIFIC TESTS

•  Specific Gravity 841 : 0.906–0.927, at 20

•  Refractive Index 831 : 1.450–1.470, at 20

•  Optical Rotation 781 : 0 –10 , at 20

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers. Do not store above 25 .

•  US Reference Standards 11
USP Camphor RS 
USP Eucalyptol RS 
USP Eucalyptus Oil RS

BRIEFING

Glyceryl Behenate, NF 31 page 2027. On the basis of comments and data received, and to
align with the Glycerol Dibehenate monograph in European Pharmacopoeia 7.8, it is proposed
to modernize the monograph with the following revisions:

1. The title “Glyceryl Behenate” is proposed to be changed to “Glyceryl Dibehenate” to
reflect the nomenclature used in the European Pharmacopoeia and in the FDA
Inactive Ingredient Database. This revised monograph is proposed for inclusion in the
Second Supplement to USP 37–NF 32, with an official date of December 1, 2014. Use
of the name “Glyceryl Dibehenate” will be permitted as of December 1, 2014;
however, its use will not be mandatory until December 1, 2019. The 60-month
extension will provide the time deemed necessary for labeling changes to be made for
the article and the numerous preparations in which it is an ingredient, as well as for
practitioners, consumers, and regulatory agencies to become familiar with the new
title.

2. Revise the Definition to include both a range for the percentage of monoglycerides,
diglycerides, and triglycerides present in Glyceryl Dibehenate and the origin of
behenic acid.

3. Replace Identification test A incorporating thin-layer chromatography with the
identification test based on the content of diglycerides as obtained in the Assay.

4. Replace Identification test B with a citation for Fats and Fixed Oils 401 , Fatty Acid
Composition.

5. Add a test for Melting Range or Temperature as Identification test C.
6. In Specific Tests, add a Fatty Acid Composition test.

2S (NF32)

PF 39(4): Jul.-Aug. 2013 222



7. In Specific Tests, delete the Saponification Value and Iodine Value tests, because these
values can be calculated from the results of the newly introduced Fatty Acid
Composition test.

8. In Specific Tests, add a Water Determination test.
9. Replace the existing titrimetric method for the Content of 1-Monoglycerides with an

Assay incorporating gel-permeation chromatography (GPC). The proposed Assay
allows the measurement of monoglycerides, diglycerides, and triglycerides
simultaneously. This method is based on analysis performed with the PL Gel brand of
L21 column. The retention times for monoglycerides, diglycerides, triglycerides, and
glycerin are about 11.6, 12.2, 13.1, and 15.9 min, respectively.

10. Update the Limit of Free Glycerin test to reflect the use of the new GPC Assay. The
proposed GPC Assay also measures the amount of free glycerin.

11. Add the Labeling section with the requirement to indicate the origin of behenic acid and
glycerin.

12. Update the USP Reference Standards section to reflect the addition of USP Glycerin RS.

(EXC: G. Holloway.)
Correspondence Number—C93624

Comment deadline: September 30, 2013
Glyceryl Behenate

(Title for this monograph—not to change until December 1, 2019) 
(Prior to December 1, 2019, the current practice of labeling the article of commerce with
the name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate
will be permitted as of December 1, 2014; however, the use of this name will not be
mandatory until December 1, 2019. The 60-month extension will provide the time
needed by manufacturers and users to make necessary changes.)

DEFINITION

Change to read:

Glyceryl Behenate is a mixture of glycerides of fatty acids, mainly behenic acid.
Glyceryl Behenate is a mixture of diglycerides, mainly glyceryl dibehenate, together with

variable quantities of monoglycerides and triglycerides. It contains NLT 15.0% and NMT 23.0%
of monoglycerides, NLT 40.0% and NMT 60.0% of diglycerides, and NLT 21.0% and NMT 35.0%
of triglycerides. It is obtained by esterification of glycerin with behenic (docosanic) acid. The
fatty acid may be of vegetable or synthetic origin.

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatographic Identfication Test

Standard solution: 60 mg/mL of USP Glyceryl Behenate RS in chloroform
Sample solution: 60 mg/mL of Glyceryl Behenate in chloroform
Chromatographic plates: Use suitable thin-layer chromatographic plates (see

Chromatography 621 ) coated with a 0.25-mm layer of chromatographic silica gel.
Predevelop the plates by placing in a chromatographic chamber saturated with ether.

2S (NF32)
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Remove the plates from the chamber, allow the ether to evaporate, and immerse the
plates in a 2.5% solution of boric acid in alcohol. After about 1 min, withdraw the plates,

allow them to dry at ambient temperature, and activate them at 110  for 30 min. Keep
the plates in a desiccator.

Chromatographic system   

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Application volume: 10 µL
Spray reagent: 0.02% solution of dichlorofluorescein in alcohol
Developing solvent system: Chloroform and acetone (96:4)

Analysis 
Samples: Standard solution and Sample solution

Develop in Developing solvent system until the solvent front has moved about 12 cm.
Remove the plate from the chamber, and allow the solvent to evaporate. Spray the
chromatogram with Spray reagent. Examine the spots under short-wavelength UV light.

Acceptance criteria: The RF values of the spots from the Sample solution correspond to
those from the Standard solution.

Add the following:
•  A. It meets the requirements for the content of diglycerides in the Assay. 

Change to read:
•  B.

Standard solution:  Dissolve 22 mg of USP Glyceryl Behenate RS in 1 mL of toluene in a
screw-capped vial having a polytef-lined septum. Add 0.4 mL of 0.2 N methanolic (m-
trifluoromethylphenyl) trimethylammonium hydroxide. Attach the cap, and mix. Allow the
vial to stand at room temperature for NLT 30 min.

Sample solution:  Dissolve 22 mg of Glyceryl Behenate in 1 mL of toluene in a screw-
capped vial having a polytef-lined septum. Add 0.4 mL of 0.2 N methanolic (m-
trifluoromethylphenyl) trimethylammonium hydroxide. Attach the cap, and mix. Allow the
vial to stand at room temperature for NLT 30 min.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m, packed with 10% liquid phase G7 on support S1A

Column temperature:  225
Analysis 

Samples:  Standard solution and Sample solution

Introduce a suitable volume into the gas chromatograph, and record the resulting
chromatogram.

Acceptance criteria:  The retention time of the main peak of the Sample solution
corresponds to that of the main peak of the Standard solution. The ratio of the response
of the main peak to the sum of all the responses is NLT 0.83.

2S (NF32)
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It meets the requirements for Fats and Fixed Oils 401 , Fatty Acid Composition in Specific
Tests.

Add the following:

•  C. Melting Range or Temperature, Class II 741 : 65 –77  

ASSAY

Add the following:
•  Procedure

Mobile phase:  Tetrahydrofuran
System suitability solution:  Transfer 0.2 g of USP Glyceryl Behenate RS to a 15-mL flask,

and add 5.0 mL of tetrahydrofuran. Heat gently at about 35 .
Sample solution:  Transfer 0.2 g of Glyceryl Behenate to a 15-mL flask, and add 5.0 mL of

tetrahydrofuran. Heat gently at about 35 . Determine the total mass of solvent and
substance.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  7.0-mm × 60-cm; 5-µm packing L21
[Note—Two 7.0-mm × 30-cm L21 columns may be used in place of one 60-cm column,

provided system suitability requirements are met.]
Temperatures 

Detector:  35

Column:  35
Flow rate:  1.0 mL/min
Injection volume:  40 µL

[Note—Maintain the temperature of the sample at 35  to avoid precipitation.]
System suitability 

Sample:  System suitability solution and Sample solution
Suitability requirements:  The retention times of the major peaks of the Sample solution

correspond to those of the System suitability solution.
[Note—The relative retention times for triglycerides, diglycerides, monoglycerides, and

glycerin are about 0.73, 0.76, 0.82, and 1.0, respectively.]
Analysis 

Sample:  Sample solution

Calculate the percentage of monoglycerides in the portion of Glyceryl Behenate taken:

Result = [(rU1/rS) × (100  A  B)]  D

rU1= peak area of monoglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)

2S (NF32)
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D= content of free fatty acids (%) using the following formula:

D = AV × [Mr1/(Mr2 × 1000)] × 100

AV = acid value, determined in the Acid Value test in Specific Tests
Mr1 = molecular weight of behenic acid, 340.58
Mr2 = molecular weight of potassium hydroxide, 56.11
1000= conversion of mg to g

Calculate the percentage of diglycerides in the portion of Glyceryl Behenate taken:

Result = (rU2/rS) × (100  A  B)

rU2= peak area of diglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)

Calculate the percentage of triglycerides in the portion of Glyceryl Behenate taken:

Result = (rU3/rS) × (100  A  B)

rU3= peak area of triglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)
Acceptance criteria 

Monoglycerides:  15.0%–23.0%
Diglycerides:  40.0%–60.0%
Triglycerides:  21.0%–35.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 µg/g

Delete the following:
•  Content of 1-Monoglycerides

Periodic acid solution: Dissolve 5.4 g of periodic acid in 100 mL of water, and add 1900 mL
of glacial acetic acid. Store in a light-resistant, glass-stoppered bottle or in a clear glass-
stoppered bottle protected from light.

Chloroform: Use chloroform that meets the following test. To each of three 500-mL flasks
add 50.0 mL of Periodic acid solution. Add 50 mL of chloroform and 10 mL of water to two
of the flasks, and add 50 mL of water to the third flask. To each flask add 20 mL of
potassium iodide TS, mix gently, and proceed as directed in the Analysis below, beginning
with “allow to stand for NLT 1 min”. The difference between the volumes of 0.1 N sodium
thiosulfate required in the titrations with and without the chloroform is NMT 0.5 mL.

Sample: Melt a quantity of Glyceryl Behenate at a temperature not higher than 80 .
Analysis: Transfer 1 g of the Sample to a 100-mL beaker, and dissolve in 25 mL of
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Chloroform. Transfer the solution, with the aid of an additional 25 mL of Chloroform, to a
separator, wash the beaker with 25 mL of water, and add the washing to the separator.
Tightly place the stopper in the separator, shake vigorously for 30–60 s, and allow the
layers to separate. Add 1–2 mL of glacial acetic acid to break any emulsion formed.
Collect the aqueous layer in a glass-stoppered 500-mL conical flask, and extract the
nonaqueous layer again, using two 25-mL portions of water. [Note—Retain the combined
aqueous extracts for the test for Limit of Free Glycerin. ] 
Transfer the nonaqueous layer to a glass-stoppered 500-mL conical flask, and add 50.0
mL of Periodic acid solution to this flask and to a blank flask containing 50 mL of
Chloroform and 10 mL of water, swirling the flasks during the addition. Allow to stand for
30–90 min. To each flask add 20 mL of potassium iodide TS, and allow to stand for 1–5
min before titrating. Add 100 mL of water, and titrate with 0.1 N sodium thiosulfate VS,
using a magnetic stirrer to keep the solution mixed, to the disappearance of the brown
iodine color. Then add 2 mL of starch TS, and continue the titration to the disappearance
of the blue color. [Note—If the Glyceryl Behenate titration is less than 0.8 of the blank
titration, discard, and repeat using a smaller weight of Glyceryl Behenate. ] 
Calculate the percentage of 1-monoglycerides as glyceryl monobehenate:

Result = [(B  S) × F × N × 100]/W

B= volume of 0.1 N sodium thiosulfate consumed by the blank (mL)
S= volume of 0.1 N sodium thiosulfate consumed by the Glyceryl Behenate (mL)
F= equivalency factor of glyceryl monobehenate, 0.2073 g/mEq
N= normality of the sodium thiosulfate
W= weight of Glyceryl Behenate taken (g)
Acceptance criteria: 12.0%–18.0%

Change to read:
•  Limit of Free Glycerin

Periodic acid solution and Chloroform:  Prepare as directed in the test for Content of 1-
Monoglycerides.

Analysis:  To the combined aqueous extracts obtained as directed in the test for Content
of 1-Monoglycerides add 50.0 mL of Periodic acid solution. Prepare a blank by adding 50.0
mL of Periodic acid solution to a glass-stoppered conical flask containing 75 mL of water.
Allow to stand for NLT 30 min but NMT 90 min. To each flask add 20 mL of potassium
iodide TS, and allow to stand for NLT 1 min but NMT 5 min before titrating. Add 100 mL
of water, and titrate with 0.1 N sodium thiosulfate VS, using a magnetic stirrer to keep
the solution mixed, to the disappearance of the brown iodine color. Then add 2 mL of
starch TS, and continue the titration to the disappearance of the blue color.

Calculate the percentage of free glycerin:

Result = [(B  S) × F × N × 100]/W

B= volume of 0.1 N sodium thiosulfate consumed by the blank (mL)
S= volume of 0.1 N sodium thiosulfate consumed by the Glyceryl Behenate (mL)
F= equivalency factor of glycerin, 0.023 g/mEq
N= normality of the sodium thiosulfate
W= weight of Glyceryl Behenate taken (g)
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Mobile phase, System suitability solution, and Chromatographic system:  Proceed
as directed in the Assay.
Standard stock solution:  4.0 mg/mL of USP Glycerin RS in tetrahydrofuran
Standard solutions:  To four 15-mL flasks transfer 0.25, 0.5, 1.0, and 2.0 mL of the

Standard stock solution, respectively, and add 5.0 mL of tetrahydrofuran. Determine
the concentration for each (mg/g).

Sample solution:  Transfer 0.2 g of Glyceryl Behenate to a 15-mL flask, and add 5.0 mL

of tetrahydrofuran. Heat gently at about 35 . Determine the total mass of solvent and
substance.

System suitability 
Samples:  System suitability solution and Sample solution
Suitability requirements:  The retention times of the major peaks of the Sample

solution correspond to those of the System suitability solution.
[Note—The relative retention times for triglycerides, diglycerides, monoglycerides, and

glycerin are about 0.73, 0.76, 0.82, and 1.0, respectively.]
Analysis 

Samples:  Standard solutions and Sample solution

Using the chromatograms from the Standard solutions, measure the responses for the
glycerin peaks. Plot the concentration, in mg/g, of USP Glycerin RS in the Standard
solutions versus the glycerin peak responses obtained. From the standard curve so
obtained, determine the glycerin concentration, C, in mg/g, in the Sample solution. 
Calculate the percentage of free glycerin in the portion of Glyceryl Behenate taken:

Result = (C/CU) × 100

C= concentration of glycerin determined from the calibration curve in the Sample
solution (mg/g)

CU= concentration of Glyceryl Behenate in the Sample solution (mg/g)

Acceptance criteria:  NMT 1.0%

SPECIFIC TESTS

Change to read:

•  Fats and Fixed Oils, Acid Value, Method I 401
Sample:  10 g
1 g

Analysis:  Suspend the Sample in 50 mL of a mixture of alcohol and ether (1:1), which has
been neutralized to phenolphthalein with 0.1 N sodium hydroxide, contained in a flask.
Connect the flask with a suitable condenser, and warm, with frequent shaking, for 10 min.
alcohol and toluene (1:1) with gentle heating.

Continue as directed in Fats and Fixed Oils 401 , Acid Value, beginning with “Add 1 mL of
phenolphthalein TS”.

Acceptance criteria:  NMT 4

Delete the following:

•  Fats and Fixed Oils, Saponification Value 401 : 145–165 
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Delete the following:

•  Fats and Fixed Oils, Iodine Value, Method II 401 : NMT 3 

Add the following:

•  Fats and Fixed Oils, Fatty Acid Composition 401 : Glyceryl Behenate exhibits the
composition profile of fatty acids in Table 1, as determined in the chapter.

Table 1

Carbon-Chain
Length

No. of
Double Bonds

Percentage
(%)

16 0  3.0

18 0  5.0

20 0  10.0

22 0 83.0

22 1  3.0

24 0  3.0

Add the following:

•  Water Determination, Method Ia 921 : NMT 1.0% on 1.0-g sample. Use pyridine as the
solvent. 

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers at a temperature not higher than 35 .

Add the following:
•  Labeling: Label to indicate the origin of behenic acid and glycerin. 

Change to read:

•  USP Reference Standards 11
USP Glycerin RS  

USP Glyceryl Behenate RS

BRIEFING

Glyceryl Dibehenate, NF 31 page 2027. See the Briefing under Glyceryl Behenate appearing
elsewhere in this issue of PF. This monograph is proposed for inclusion in the Second
Supplement to USP 37–NF 32 with an official date of December 1, 2014. Use of the name
Glyceryl Dibehenate will be permitted as of December 1, 2014, however its use will not be
mandatory until December 1, 2019. The 60-month extension will provide the time deemed
necessary for labeling changes to be made for the article and the numerous preparations in
which it is an ingredient, as well as for practitioners, consumers, and regulatory agencies to
become familiar with the new terminology. The proposed Assay incorporating gel-permeation
chromatography (GPC) allows the measurement of monoglycerides, diglycerides, and
triglycerides simultaneously. This method is based on analysis performed with the PL Gel
brand of L21 column. The retention times for monoglycerides, diglycerides, triglycerides, and
glycerin are about 11.6, 12.2, 13.1, and 15.9 min, respectively.
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(EXC: G. Holloway.)
Correspondence Number—C93624

Comment deadline: September 30, 2013

Add the following:
Glyceryl Dibehenate

(Title for this monograph—not to become official until December 1, 2019) 
(Prior to December 1, 2019, the current practice of labeling the article of commerce with
the name Glyceryl Behenate may be continued. Use of the name Glyceryl Dibehenate
will be permitted as of December 1, 2014; however, the use of this name will not be
mandatory until December 1, 2019. The 60-month extension will provide the time
needed by manufacturers and users to make necessary changes.)

DEFINITION

Glyceryl Dibehenate is a mixture of diglycerides, mainly glyceryl dibehenate, together with
variable quantities of monoglycerides and triglycerides. It contains NLT 15.0% and NMT 23.0%
of monoglycerides, NLT 40.0% and NMT 60.0% of diglycerides, and NLT 21.0% and NMT 35.0%
of triglycerides. It is obtained by esterification of glycerin with behenic (docosanic) acid. The
fatty acid may be of vegetable or synthetic origin.

IDENTIFICATION
•  A. It meets the requirements for the content of diglycerides in the Assay.

•  B. It meets the requirements for Fats and Fixed Oils 401 , Fatty Acid Composition in
Specific Tests.

•  C. Melting Range or Temperature, Class II 741 : 65 –77

ASSAY
•  Procedure

Mobile phase:  Tetrahydrofuran
System suitability solution:  Transfer 0.2 g of USP Glyceryl Dibehenate RS to a 15-mL

flask, and add 5.0 mL of tetrahydrofuran. Heat gently at about 35 .
Sample solution:  Transfer 0.2 g of Glyceryl Dibehenate to a 15-mL flask, and add 5.0 mL

of tetrahydrofuran. Heat gently at about 35 . Determine the total mass of solvent and
substance.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  7.0-mm × 60-cm; 5-µm packing L21
[Note—Two 7.0-mm × 30-cm L21 columns may be used in place of one 60-cm column,

provided system suitability requirements are met.]
Temperatures 

Detector:  35
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Column:  35
Flow rate:  1.0 mL/min
Injection volume:  40 µL

[Note—Maintain the temperature of the sample at 35  to avoid precipitation.]
System suitability 

Sample:  System suitability solution and Sample solution
Suitability requirements:  The retention times of the major peaks of the Sample solution

correspond to those of the System suitability solution.
[Note—The relative retention times for triglycerides, diglycerides, monoglycerides, and

glycerin are about 0.73, 0.76, 0.82, and 1.0, respectively.]
Analysis 

Sample:  Sample solution

Calculate the percentage of monoglycerides in the portion of Glyceryl Dibehenate taken:

Result = [(rU1/rS) × (100  A  B)]  D

rU1= peak area of monoglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)
D= content of free fatty acids (%) using the following formula:

D = AV × [Mr1/(Mr2 × 1000)] × 100

AV = acid value, determined in the Acid Value test in Specific Tests
Mr1 = molecular weight of behenic acid, 340.58
Mr2 = molecular weight of potassium hydroxide, 56.11
1000= conversion of mg to g

Calculate the percentage of diglycerides in the portion of Glyceryl Dibehenate taken:

Result = (rU2/rS) × (100  A  B)

rU2= peak area of diglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)

Calculate the percentage of triglycerides in the portion of Glyceryl Dibehenate taken:

Result = (rU3/rS) × (100  A  B)

rU3= peak area of triglycerides
rS= sum of the peak areas of monoglycerides, diglycerides, and triglycerides
A= content of free glycerin from Limit of Free Glycerin (%)
B= content of water from the Water Determination test in Specific Tests (%)
Acceptance criteria 

Monoglycerides:  15.0%–23.0%
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Diglycerides:  40.0%–60.0%
Triglycerides:  21.0%–35.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 µg/g
•  Limit of Free Glycerin

Mobile phase, System suitability solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard stock solution:  4.0 mg/mL of USP Glycerin RS in tetrahydrofuran
Standard solutions:  To four 15-mL flasks transfer 0.25, 0.5, 1.0, and 2.0 mL of the

Standard stock solution, respectively, and add 5.0 mL of tetrahydrofuran. Determine the
concentration for each (mg/g).

Sample solution:  Transfer 0.2 g of Glyceryl Dibehenate to a 15-mL flask, and add 5.0 mL

of tetrahydrofuran. Heat gently at about 35 . Determine the total mass of solvent and
substance.

System suitability 
Samples:  System suitability solution and Sample solution
Suitability requirements:  The retention times of the major peaks of the Sample solution

correspond to those of the System suitability solution.
[Note—The relative retention times for triglycerides, diglycerides, monoglycerides, and

glycerin are about 0.73, 0.76, 0.82, and 1.0, respectively.]
Analysis 

Samples:  Standard solutions and Sample solution

Using the chromatograms from the Standard solutions, measure the responses for the
glycerin peaks. Plot the concentration, in mg/g, of USP Glycerin RS in the Standard
solutions versus the glycerin peak responses obtained. From the standard curve so
obtained, determine the glycerin concentration, C, in mg/g, in the Sample solution. 
Calculate the percentage of free glycerin in the portion of Glyceryl Dibehenate taken:

Result = (C/CU) × 100

C= concentration of glycerin determined from the calibration curve in the Sample solution
(mg/g)

CU= concentration of Glyceryl Dibehenate in the Sample solution (mg/g)
Acceptance criteria:  NMT 1.0%

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value, Method I 401
Sample:  1 g
Analysis:  Suspend the Sample in 50 mL of a mixture of alcohol and toluene (1:1) with

gentle heating. Continue as directed in Fats and Fixed Oils 401 , Acid Value, beginning
with “Add 1 mL of phenolphthalein TS”.

Acceptance criteria:  NMT 4

•  Fats and Fixed Oils, Fatty Acid Composition 401 : Glyceryl Dibehenate exhibits the
composition profile of fatty acids in Table 1, as determined in the chapter.
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Table 1

Carbon-Chain
Length

No. of
Double Bonds

Percentage
(%)

16 0  3.0

18 0  5.0

20 0  10.0

22 0 83.0

22 1  3.0

24 0  3.0

•  Water Determination, Method Ia 921 : NMT 1.0% on 1.0-g sample. Use pyridine as the
solvent.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers at a temperature not higher than 35 .
•  Labeling: Label to indicate the origin of behenic acid and glycerin.

•  USP Reference Standards 11
USP Glycerin RS 
USP Glyceryl Dibehenate RS

BRIEFING

Bupropion Hydrochloride, USP 36 page 2706. On the basis of comments received, it is
proposed to revise the monograph as follows:

1. Remove the relative standard deviation requirement for bupropion hydrochloride related
compound B from the Assay. The relative standard deviation requirement for
bupropion is sufficient to establish that the system is suitable.

2. Replace the current HPLC procedure for Limit of m-Chlorobenzoic Acid with an HPLC
procedure for Limit of 3-Chlorobenzoic Acid. USP has received comments indicating
that the current HPLC procedure for Limit of m-Chlorobenzoic Acid is not specific for
3-chlorobenzoic acid in the presence of the bupropion dione derivative impurity. The
proposed procedure is adapted from the test for Organic Impurities in the Bupropion
Hydrochloride Extended-Release Tablets monograph and is based on analyses using
the Symmetry C18 brand of L1 column. The typical retention time for 3-chlorobenzoic
acid is about 6.8 min.

3. Specify the system suitability requirements in the test for Organic Impurities rather
than referencing the corresponding information from the Assay for the proposed
revision in the Assay.

4. Add USP 3-Chlorobenzoic Acid RS, USP Bupropion Hydrochloride Related Compound C RS,
and USP Bupropion Hydrochloride Related Compound F RS to the USP Reference
Standards section of the monograph for the new procedure for Limit of 3-
Chlorobenzoic Acid.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

2S (NF32)
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(SM4: H. Joyce.)
Correspondence Number—C123653

Comment deadline: September 30, 2013
Bupropion Hydrochloride

C13H18ClNO·HCl       276.20 

1-Propanone, 1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]-, hydrochloride, (±)-;     
(±)-2-(tert-Butylamino)-3¢-chloropropiophenone hydrochloride     [31677-93-7].

DEFINITION

Bupropion Hydrochloride contains NLT 98.0% and NMT 102.0% of bupropion hydrochloride
(C13H18ClNO·HCl), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Chloride 191
Sample solution:  1 mg/mL of Bupropion Hydrochloride
Acceptance criteria:  Meets the requirements for the silver nitrate precipitate test

ASSAY

Change to read:
•  Procedure

Diluent:  Methanol and water (1:1)
(50:50)

Buffer:  3.4 g/L of monobasic potassium phosphate in water. Adjust with 1 N sodium
hydroxide to a pH of 7.0.

Mobile phase:  Methanol, tetrahydrofuran, and Buffer
(39:11:50)

Standard solution:  1 mg/mL of USP Bupropion Hydrochloride RS and 2 µg/mL each of USP
Bupropion Hydrochloride Related Compound A RS and USP Bupropion Hydrochloride Related
Compound B RS in Diluent

Sample solution:  1 mg/mL of Bupropion Hydrochloride in Diluent

2S (USP37)
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  3.9-mm × 15-cm; 5-µm packing L7
Flow rate:  1.1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for bupropion hydrochloride related compound A,

bupropion,

and bupropion hydrochloride related compound B are about 0.92, 1.0, and 1.14,
respectively.
See Table 3 for the relative retention times.

]
Suitability requirements 

Resolution:  NLT 1.3 between bupropion hydrochloride related compound A and
bupropion;
NLT 1.3 between bupropion and bupropion hydrochloride related compound B

Relative standard deviation:  NMT 2.0% determined from bupropion;

NMT 5.0% determined from bupropion hydrochloride related compound B
NMT 2.0% for bupropion

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of bupropion hydrochloride (C13H18ClNO·HCl) in the portion of
Bupropion Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

Delete the following:
•  Limit of m-Chlorobenzoic Acid
Mobile phase: Acetonitrile, trifluoroacetic acid, and water (35: 0.1: 65)
System suitability solution: 1.0 mg/mL of USP Bupropion Hydrochloride RS and 4 µg/mL of

m-chlorobenzoic acid in Mobile phase
Sample solution: 2 mg/mL of Bupropion Hydrochloride in Mobile phase
Chromatographic system  

USP36
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 2.7 times the retention time of m-chlorobenzoic acid

System suitability 
Sample: System suitability solution
[Note—The relative retention times for bupropion

and m-chlorobenzoic acid are 1.0 and 2.0, respectively. ]
Suitability requirements  

Relative standard deviation: NMT 5.0% for the m-chlorobenzoic acid peak
Analysis 

Sample: Sample solution

Calculate the percentage of m-chlorobenzoic acid in the portion of Bupropion Hydrochloride
taken:

Result = (rU/rT) × (1/F) × 100

rU = peak response of m-chlorobenzoic acid from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution

F
= relative response factor for m-chlorobenzoic acid, 2.4

Acceptance criteria 
m-Chlorobenzoic acid: NMT 0.2%

Add the following:
•  Limit of 3-Chlorobenzoic Acid
Diluent:  Methanol and 0.001 N hydrochloric acid (20:80)
Solution A:  Acetonitrile and water (10:90). Add 0.4 mL of trifluoroacetic acid per L of the

mixture.
Solution B:  Acetonitrile and water (95:5). Add 0.3 mL of trifluoroacetic acid per L of the

mixture.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
3.4 87 13
10.0 15 85
10.1 0 100
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13.0 0 100
13.2 90 10
19.0 90 10

System suitability stock solution:  0.02 mg/mL of USP Bupropion Hydrochloride Related
Compound C RS, 0.02 mg/mL of USP Bupropion Hydrochloride Related Compound F RS, and
0.012 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol

System suitability solution:  0.002 mg/mL of bupropion hydrochloride related compound C,
0.002 mg/mL of bupropion hydrochloride related compound F, and 0.0012 mg/mL of 3-
chlorobenzoic acid from System suitability stock solution in Diluent

Standard stock solution:  0.06 mg/mL of USP 3-Chlorobenzoic Acid RS in methanol
Standard solution:  1.2 µg/mL of 3-Chlorobenzoic acid from Standard stock solution in

Diluent
Sample solution:  600 µg/mL of Bupropion Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 226 nm
Column:  4.6-mm × 10-cm; 3.5-µm packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.3 between bupropion hydrochloride related compound F and bupropion
hydrochloride related compound C, System suitability solution; NLT 1.5 between
bupropion hydrochloride related compound C and 3-chlorobenzoic acid, System
suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of 3-chlorobenzoic acid in the portion of Bupropion Hydrochloride
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of 3-chlorobenzoic acid from the Sample solution
rS= peak response of 3-chlorobenzoic acid from the Standard solution
CS= concentration of USP 3-Chlorobenzoic Acid RS in the Standard solution (µg/mL)
CU= concentration of Bupropion Hydrochloride in the Sample solution (µg/mL)

Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Bupropion 1.0 —

Bupropion hydrochloride related compound Fa 1.71 —

Bupropion hydrochloride related compound Ca 1.75 —
3-Chlorobenzoic acid 1.80 0.2

a  Included for system suitability purposes only.

Change to read:
•  

Organic Impurities
Diluent, Buffer, Mobile phase, Standard solution, Sample solution, Chromatographic

system, and System suitability:  Proceed as directed in the Assay.
Diluent, Buffer, Mobile phase, Standard solution, Sample solution, and
Chromatographic system:  Proceed as directed in the Assay.
System suitability 

Sample:  Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.3 between bupropion hydrochloride related compound A and
bupropion; NLT 1.3 between bupropion and bupropion hydrochloride related compound
B

Relative standard deviation:  NMT 2.0% for bupropion; NMT 5.0% for bupropion
hydrochloride related compound B

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Bupropion Hydrochloride taken:

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

rU= peak response for each impurity from the Sample solution
rS= peak response for bupropion

from the Standard solution
CS= concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)
F= relative response factor for each impurity relative to bupropion

(see Table 1
Table 3

)

Acceptance criteria:  
See Table 1
Table 3.
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Table 1
Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Deschloro bupropiona 0.38 1.5 0.5

Bupropion dione derivativeb 0.58 1.0 0.2

o-Bupropionc 0.71 0.45 0.1

Chloropropiophenoned 0.78 1.2 0.1
Bupropion hydrochloride related compound A 0.92 1.4 0.2
Bupropion 1.0 — —
Bupropion hydrochloride related compound B 1.14 0.81 0.2

Bromochloropropionphenonee 1.63 0.88 0.1

4-Chlorobupropionf 2.30 1.1 0.2

5-Chlorobupropiong 2.74 0.69 0.2
Any individual impurity — 1.0 0.1

Total impuritiesh — — 1.0

a  2-(tert-Butylamino)-1-phenylpropan-1-one; also known as 2-(tert-
butylamino)propiophenone.
b  1-(3-Chlorophenyl)propane-1,2-dione; also known as 1-(3-chlorophenyl)-1,2-propanedione.
c   2-(tert-Butylamino)-1-(2-chlorophenyl)propan-1-one; also known as 2-(tert-butylamino)-
2¢-chloropropiophenone.
d  1-(3-Chlorophenyl)propan-1-one; also known as 3¢-chloropropiophenone.
e  2-Bromo-1-(3-chlorophenyl)propan-1-one; also known as 2-bromo-3¢-chloropropiophenone.
f  2-(tert-Butylamino)-1-(3,4-dichlorophenyl)propan-1-one; also known as 2-(tert-
butylamino)-3¢,4¢-dichloropropiophenone.
g  2-(tert-Butylamino)-1-(3,5-dichlorophenyl)propan-1-one; also known as 2-(tert-
butylamino)-3¢,5¢-dichloropropiophenone.
h  Sum of all impurities found in the tests for Limit of m-Chlorobenzoic Acid
Limit of 3-Chlorobenzoic Acid

and Organic Impurities.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed, light-resistant containers.
Store at room temperature.

Change to read:

USP36

2S (USP37)

USP36

USP36

USP36

USP36

USP36

USP36

USP36

USP36

USP36

2S (USP37)

USP36

USP36
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Change to read:

•  USP Reference Standards 11
USP Bupropion Hydrochloride RS
USP Bupropion Hydrochloride Related Compound A RS 

2-(tert-Butylamino)-4¢-chloropropiophenone hydrochloride.     
C13H18ClNO·HCl      276.20

USP Bupropion Hydrochloride Related Compound B RS 
2-(tert-Butylamino)-3¢-bromopropiophenone hydrochloride.     
C13H18BrNO·HCl      320.66

USP Bupropion Hydrochloride Related Compound C RS 
1-(3-Chlorophenyl)-2-hydroxypropan-1-one. 
C9H9O2Cl      184.62
USP Bupropion Hydrochloride Related Compound F RS 

1-(3-Chlorophenyl)-1-hydroxypropan-2-one. 
C9H9O2Cl      184.62

USP 3-Chlorobenzoic Acid RS 
3-Chlorobenzoic acid. 
C7H5ClO2      156.57

BRIEFING

Calcipotriene. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analyses is being proposed. The chromatographic
procedure in the Assay and the test for Organic Impurities by HPLC is based on analyses
performed with an EM Science Lichrospher RP-8 brand of L7 column. The typical retention
time for the calcipotriene peak is 20 min. The thin-layer chromatographic procedure in the
test for Organic Impurities by TLC is based on the analysis performed with silica gel mixture.
The retardation factor for calcipotriene is 0.4–0.5.

(SM3: F. Mao, A. Martin-Esker.)
Correspondence Number—C100714

Comment deadline: September 30, 2013

Add the following:
Calcipotriene

C27H40O3       412.60 

9,10-Secochola-5,7,10(19),22-tetraene-1,3,24-triol, 24-cyclopropyl-, (1 ,3 ,5Z,7E,22E,24S)-
;     

2S (USP37)
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(5Z,7E,22E,24S)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-triol    
[112965-21-6].

DEFINITION

Calcipotriene contains NLT 97.0% and NMT 102.0% of calcipotriene (C27H40O3), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the test for Assay.

ASSAY
•  Procedure 

Protect solutions containing calcipotriene from light and air. Prepare the Standard solution
and the Sample solution NMT 1 h before use. Prepare the System suitability solution daily.

Buffer:  1.0 g/L of tris(hydroxymethyl)aminomethane adjusted with phosphoric acid to pH
7.25 ± 0.25

Mobile phase:  Acetonitrile and Buffer (45:55)
System suitability solution:  0.1 mg/mL of USP Calcipotriene RS and 0.01 mg/mL of USP

Calcipotriene Related Compound C RS in Mobile phase
Standard solution:  0.1 mg/mL of USP Calcipotriene RS dissolved in 10% of acetonitrile,

then diluted in Mobile phase
Sample solution:  0.1 mg/mL of Calcipotriene dissolved in 10% of acetonitrile, then diluted

in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 264 nm
Column:  4.0-mm × 25-cm; 5-µm packing L7

Autosampler temperature:  4
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution

[Note—The relative retention times for calcipotriene related compound C and calcipotriene
are 0.94 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between calcipotriene related compound C and calcipotriene
Relative standard deviation:  NMT 1.0% from the calcipotriene peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of calcipotriene (C27H40O3) in the portion of Calcipotriene
taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Calcipotriene RS in the Standard solution (mg/mL)
CU= concentration of Calcipotriene in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0% on the dried basis

IMPURITIES
•  Organic Impurities by HPLC 

Protect solutions containing calcipotriene from light and air. Prepare the Standard solution
and the Sample solution NMT 1 h before use. Prepare the System suitability solution daily.

Buffer, Mobile phase, System suitability solution, Chromatographic system, and
System suitability:  Proceed as directed in the Assay.

Standard stock solution:  Use the Standard solution in the Assay.
Standard solution:  0.004 mg/mL of USP Calcipotriene RS in Mobile phase from the

Standard stock solution
Sample solution:  0.4 mg/mL of Calcipotriene dissolved in 10% of acetonitrile, then diluted

in Mobile phase
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of any impurity in the portion of Calcipotriene taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any impurity from the Sample solution
rS= peak response of calcipotriene from the Standard solution
CS= concentration of USP Calcipotriene RS in the Standard solution (mg/mL)
CU= concentration of Calcipotriene in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. Disregard any impurity peak less than 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Calcipotriene related compound Ca 0.92–0.96 1.00
Calcipotriene 1.00 —
Calcipotriene impurity Db 1.13–1.17 1.00
Any individual unspecified impurity — 0.10
Total impurities — 2.50

a  (5E,7E,22E,24S)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.

b  (5Z,7E,22E,24R)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.

•  Organic Impurities by TLC 
Prepare solutions containing calcipotriene in low actinic glassware, and keep from air. Carry
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out the test as rapidly as possible.
Diluent:  Chloroform and triethylamine (9:1)
System suitability solution:  10 mg/mL of USP Calcipotriene RS in Diluent. Heat in a water

bath at 60  for 2 h to form precalcipotriene.
Standard solution 1:  0.025 mg/mL of USP Calcipotriene RS in Diluent (0.25%)
Standard solution 2:  0.01 mg/mL of USP Calcipotriene RS in Diluent (0.10%)
Sample solution:  10 mg/mL of Calcipotriene in Diluent
Developing solvent system:  Methylene chloride and isobutyl alcohol (80:20)
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic plate coated with silica gel mixture
Application volume:  10 µL
Spray reagent:  Transfer 20 mL of sulfuric acid into a 100-mL volumetric flask, and dilute

with alcohol to volume.
System suitability 

Sample:  System suitability solution
Suitability requirements 

Resolution:  The secondary spot precalcipotriene and principle spot calcipotriene are
clearly separated, System suitability solution.

Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Develop with Developing solvent system until the solvent system has moved 2/3 of the
plate from the point of spotting. Remove the plate, and let the plate air-dry. Dry it again

at 140  for 10 min followed by spraying the hot plate with the Spray reagent. Dry the

plate for NMT 1 min at 140 . Examine the plate under UV light at 366 nm.
Acceptance criteria:  The spot of any impurity in the Sample solution is not more intense

than the spot of calcipotriene in the appropriate standard solution specified in Table 2.

Table 2

Name

Relative
Retardation

(Rret)
Comparison

Solution

Acceptance
Criteria,
NMT (%)

Calcipotriene impurity Ga and Calcipotriene
impurity Hb 0.4

Standard
solution 1 0.25

Precalcipotrienec 0.9 — —
Calcipotriene 1.0 — —

Calcipotriene impurity Ad 1.2
Standard

solution 1 0.25

Any other individual impurity — Standard
solution 2 0.10
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a  24,24¢-Oxybis[(5Z,7E,22E,24S)-24-cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-

1 ,3 -diol].
b  (5Z,7E,22E,24R)-24-Cyclopropyl-24-[[(5Z,7E,22E,24S)-24-cyclopropyl-1 ,3 -

dihydroxy-9,10-secochola-5,7,10(19),22-tetraen-24-yl]oxy]-9,10-secochola-

5,7,10(19),22-tetraene-1 ,3 -diol.
c  (5E,6E,22E,24S)-24-Cyclopropyl-9,10-secochola-5(10),6,22-triene-1 ,3 ,24-triol.
d  (5Z,7Z,22E)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-24-one-1 ,3 -

diol.

SPECIFIC TESTS
•  Loss on Drying 

(See Thermal Analysis 891 .)
Sample:  5 mg

Analysis:  Heat the Sample to 105  at a rate of 10 /min, and hold at 105  for 60 min.
Acceptance criteria:   NMT 1.0%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers and store at 2 –8 . Protect from light.

•  USP Reference Standards 11
USP Calcipotriene RS
USP Calcipotriene Related Compound C RS 

(5E,7E,22E,24S)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.     
C27H40O3      412.60

BRIEFING

Calcipotriene Ointment. Because there is no existing USP monograph for this drug product, a
new monograph based on the validated methods of analyses is being proposed. The liquid
chromatography procedure in the Assay and in the test for Organic Impurities is based on
analyses performed with a Hypersil BDS C18 brand of L1 column. The typical retention time
reported for calcipotriene is about 20 min.

(SM3: F. Mao, R. Tirumalai, A. Martin-Esker.)
Correspondence Number—C103161

Comment deadline: September 30, 2013

Add the following:
Calcipotriene Ointment

DEFINITION

Calcipotriene Ointment contains NLT 90.0% and NMT 110.0% of the labeled amount of

2S (USP37)
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calcipotriene (C27H40O3), in a suitable ointment base.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Ultraviolet Absorption 197U
Buffer, Diluent, Standard stock solution, Standard solution, Sample stock solution,

and Sample solution:  Proceed as directed in the Assay.
Blank:  Dilute 5 mL of tetrahydrofuran with Diluent to 25 mL.
Acceptance criteria:  Meets the requirements

ASSAY
•  Procedure 

The solutions containing calcipotriene are stable up to 24 h at room temperature.
Mobile phase:  Methanol and water (70:30)
Buffer:  132 g/L of monobasic ammonium phosphate in water
Diluent:  Methanol, Buffer, and water (700:3:297)
Standard stock solution:  0.1 mg/mL of USP Calcipotriene RS in Diluent. Sonicate if

necessary.
Standard solution:  2 µg/mL of USP Calcipotriene RS prepared as follows. Transfer 5 mL of

Standard stock solution into a 250-mL volumetric flask, add 50 mL of tetrahydrofuran, and
dilute with Diluent to volume.

Sample stock solution:  0.01 mg/mL of calcipotriene in tetrahydrofuran prepared as
follows. Transfer Ointment equivalent to 0.25 mg of calcipotriene into a 25-mL volumetric
flask. Add 15 mL of tetrahydrofuran, and sonicate, with intermittent shaking, for 20 min in
a cold water bath. Dilute with tetrahydrofuran to volume.

Sample solution:  2 µg/mL of calcipotriene prepared as follows. Transfer 5 mL of the
Sample stock solution into a suitable container. Add 20 mL of Diluent, mix, and sonicate
for 10 min. Pass through a suitable filter of 0.45-µm pore size. Inject immediately after
preparation.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  264 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of calcipotriene (C27H40O3) in the portion
of Ointment taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Calcipotriene RS in the Standard solution (mg/mL)
CU= nominal concentration of calcipotriene in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Minimum Fill 755 : Meets the requirements

IMPURITIES
•  Organic Impurities 

The solutions containing calcipotriene are stable for up to 24 h at room temperature.
Mobile phase, Buffer, and Diluent:  Proceed as directed in the Assay.
System suitability solution:  10.0 µg/mL of USP Calcipotriene RS and 0.1 µg/mL of USP

Calcipotriene Related Compound C RS in Diluent
Standard stock solution:  1.0 µg/mL of USP Calcipotriene RS in Diluent
Standard solution:  0.1 µg/mL of USP Calcipotriene RS prepared as follows. Transfer 1.0 mL

of the Standard stock solution into a 10-mL volumetric flask, add 1.0 mL tetrahydrofuran,
and dilute with Diluent to volume.

Sample solution:  Nominally equivalent to 0.01 mg/mL of calcipotriene prepared as follows.
Transfer Ointment equivalent to 0.1 mg of calcipotriene into a glass stoppered test tube,
and add 1 mL tetrahydrofuran. Sonicate for 20 min with intermediate shaking. Add 9 mL of
Diluent, and sonicate for 5 min. Shake the test tube vigorously, and then place it in a
beaker containing ice cold water for 2–3 min. Pass the liquid portion through a nylon filter
of 0.45-µm pore size, and discard the first few mL of the solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  264 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  100 µL
Run time:  NLT 1.25 times of retention time of the calcipotriene peak

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.2 between calcipotriene related compound C and calcipotriene
peaks, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of any impurity in the portion of Ointment taken:

Result = (rU/rS) × (CS/CU) × (1/F) × 100
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rU= peak response of any impurity from the Sample solution
rS= peak response of calcipotriene from the Standard solution
CS= concentration of USP Calcipotriene RS in the Standard solution (mg/mL)
CU= nominal concentration of calcipotriene in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.05%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Calcipotriene impurity Ba 0.86 1.0 0.50
Calcipotriene related compound Cb 0.92 1.3 1.00
Calcipotriene 1.0 — —
Calcipotriene impurity Dc 1.31 1.0 1.00
Specified unknown impurity 1.8 1.0 0.50
Any individual unspecified impurity — 1.0 0.50
Total impurities — — 3.50

a  (5Z,7Z,22E,24R)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.

b  (5E,7E,22E,24S)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.

c  (5E,7E,22E,24R)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 102 cfu/g. The total yeasts and molds count is NMT 5
× 101 cfu/g. It meets the requirements of the tests for the absence of Staphylococcus
aureus and Pseudomonas aeruginosa species.

•  pH 791
Sample solution:  Transfer 1 g of Ointment in a centrifuge test tube. Add 10 mL of water,

and heat in a water bath at 60  for 30 min with stirring. Cool to room temperature, and
centrifuge at 2500 rpm for 10 min.

Acceptance criteria:  5.5–8.5

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature. Do not freeze.

•  USP Reference Standards 11
USP Calcipotriene RS
USP Calcipotriene Related Compound C RS 

(5E,7E,22E,24S)-24-Cyclopropyl-9,10-secochola-5,7,10(19),22-tetraene-1 ,3 ,24-
triol.     

PF 39(4): Jul.-Aug. 2013 247



C27H40O3      412.60

BRIEFING

Carbamazepine Extended-Release Tablets, USP 36 page 2790. On the basis of comments
received, it is proposed to revise the monograph as follows:

1. Revise the preparation of Sample stock solution A in the Assay.
2. Clarify the volume of water to use as the Medium in the Dissolution test.

3. Delete the procedure specified within the test for Uniformity of Dosage Units 905  to
allow flexibility. The Standard solution and Sample solution are moved to
Identification test A to support this deletion.

4. Delete the test for Organic Impurities: Procedure 1, Residual Solvents and the limits for
methylene chloride and methanol because the requirements regarding residual
solvents in USP and NF articles within section 5.60.20 of the General Notices are
sufficient.

5. Delete the test for Water Determination 921  to allow flexibility.

Additionally, several minor editorial changes have been made to update the monograph, such as
renumbering the remaining procedures in the Impurities section.

(SM4: H. Joyce.)
Correspondence Number—C93568

Comment deadline: September 30, 2013

Change to read:
Carbamazepine Extended-Release Tablets

DEFINITION

Carbamazepine Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of carbamazepine (C15H12N2O).

IDENTIFICATION

Change to read:

•  A. Ultraviolet Absorption 197U
Sample solution:  Use the Sample solution from the test for Uniformity of Dosage Units.

Standard solution:  10 µg/mL of USP Carbamazepine RS in methanol
Sample solution:  Finely powder 1 Tablet, and quantitatively transfer the powder, with

the aid of methanol, to a 100-mL volumetric flask. Add about 70 mL of methanol, and
shake by mechanical means for 60 min. Sonicate for 15 min, and dilute with methanol
to volume. Allow to stand for 10–15 min. Dilute a portion of the clear solution with
methanol to obtain a solution containing about 10 µg/mL of carbamazepine.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

2S (USP37)

2S (USP37)
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ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, methylene chloride, and water (450:45:600)
Internal standard solution:  600 µg/mL of phenytoin in methanol
Standard stock solution:  200 µg/mL of USP Carbamazepine RS in methanol
Standard solution:  100 µg/mL of carbamazepine from Standard stock solution in Internal

standard solution
System suitability solution:  50 µg/mL of carbamazepine from Standard solution in Internal

standard solution
Sample stock solution A:  Nominally 4 mg/mL of carbamazepine from finely powdered

Tablets prepared as follows. Finely powder 10 Tablets. and transfer, with the aid of
alcohol, the powder to an appropriate volumetric flask.
Transfer the powder to an appropriate volumetric flask with the aid of methanol. Add 70%
of the flask volume of methanol.

Shake by mechanical means for 60 min. Sonicate for 15 min, and dilute with methanol to
volume. Allow to stand for 10–15 min, and then filter a portion of the supernatant. Use
the clear filtrate.

Sample stock solution B:  Nominally 0.2 mg/mL of carbamazepine from Standard stock
solution in methanol

Sample solution:  Nominally 100 µg/mL of carbamazepine from Sample stock solution B in
Internal standard solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Columns 

Guard:  4.6-mm × 30-mm; 7-µm packing L7
Analytical:  3.9-mm × 30-cm; packing L1

Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for phenytoin and carbamazepine are about 0.8 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.8 between phenytoin and carbamazepine
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of carbamazepine (C15H12N2O) in the
portion of Tablets taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of carbamazepine to the internal standard from the Sample solution

2S (USP37)
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RS= peak response ratio of carbamazepine to the internal standard from the Standard
solution

CS= concentration of USP Carbamazepine RS in the Standard solution (µg/mL)
CU= nominal concentration of carbamazepine in the Sample solution (µg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:   Water; 900 mL, or for 400-mg Tablets use 1800 mL

For tablets labeled to contain 100 mg or 200 mg:  Water; 900 mL
For tablets labeled to contain 400 mg:  Water; 1800 mL

Apparatus 1:  100 rpm
Times:  3, 6, 12, and 24 h
Standard solution:  USP Carbamazepine RS in Medium
Sample solution:  Filtered portions of the solution under test, diluted with Medium if

necessary
Instrumental conditions 

Mode:  UV
Analytical wavelength:  The wavelength of maximum absorbance at about 284 nm

Analysis 
Samples:  Standard solution and Sample solution

Determine the percentage of the labeled amount of carbamazepine (C15H12N2O) dissolved
at each time using the UV absorption.

Tolerances:  See Table 1.

Table 1

Time
(h)

Amount
Dissolved

3 10%–35%
6 35%–65%
12 65%–90%
24 NLT 75%

The percentages (Q) of the labeled amount of carbamazepine (C15H12N2O) dissolved at the

times specified conform to Acceptance Table 2 in 711 .

Change to read:

•  Uniformity of Dosage Units 905 :
Meet the requirements

Procedure for content uniformity 
Standard solution:  10 µg/mL of USP Carbamazepine RS in methanol
Sample solution:  Finely powder 1 Tablet, and quantitatively transfer the powder, with

the aid of methanol, to a 100-mL volumetric flask. Add about 70 mL of methanol, and
shake by mechanical means for 60 min. Sonicate for 15 min, and dilute with methanol
to volume. Allow to stand for 10–15 min. Dilute a portion of the clear solution with

2S (USP37)

2S (USP37)
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methanol to obtain a solution containing about 10 µg/mL of carbamazepine.
Blank:  Methanol
Instrumental conditions 

Mode:  UV
Analytical wavelength:  The wavelength of maximum absorbance at about 284 nm

Analysis 
Samples:  Standard solution, Sample solution, and Blank

Calculate the percentage of the labeled amount of carbamazepine (C15H12N2O) in the
Tablet taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (µg/mL)
CU= nominal concentration of carbamazepine in the Sample solution (µg/mL)

Acceptance criteria:  Meet the requirements

IMPURITIES

Delete the following:
•  Organic Impurities: Procedure 1, Residual Solvents

Standard solution:  5 µg/mL each of methanol and methylene chloride in dimethylformamide
Sample solution: Finely powder 10 Tablets, and quantitatively transfer the powder to a

50-mL volumetric flask. Add about 30 mL of dimethylformamide, and shake by mechanical
means for 60 min. Sonicate for 2 min, and dilute with dimethylformamide to volume.
Centrifuge a portion at about 2500 rpm for 20 min, and use the clear supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm × 3-m glass; 0.2% phase G39 on support S7
Temperatures 

Injection port: 170

Detector: 300
Column: See Table 2.

Table 2

Initial 
Temperature 

( )

Temperature 
Ramp 

( /min)

Final 
Temperature 

( )

Hold Time at Final 
Temperature 

(min)

75 0 75 10
75 20 155 30

Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 2 µL
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Analysis 
Samples: Standard solution and Sample solution

Calculate the amount of methanol and methylene chloride, in µg, in each Tablet taken:

Result = (rU/rS) × CS × D

rU= peak response of methanol or methylene chloride from the Sample solution
rS= peak response of methanol or methylene chloride from the Standard solution
CS= concentration of methylene chloride or methanol from the Standard solution (µg/mL)
D= dilution factor between the Sample solution and the number of Tablets, 5
Acceptance criteria: NMT 23 µg/Tablet of methylene chloride; NMT 100 µg/Tablet of

methanol

Change to read:
•  Organic Impurities: Procedure 2

Procedure 1
Mobile phase:  Methanol, methylene chloride, and water (450:45:600)
System suitability solution:  60 µg/mL of phenytoin and 20 µg/mL of USP Carbamazepine

RS in methanol
Standard solution:  4 µg/mL of USP Carbamazepine RS in methanol
Sample solution:  Use Sample stock solution A from the Assay.
Chromatographic system and System suitability:  Proceed as directed in the Assay.
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
CU= nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria 

Any individual impurity
unspecified degradation product:

 NMT 0.2%

Change to read:
•  Organic Impurities: Procedure 3

Procedure 2
Mobile phase:  Methanol, acetonitrile, and water (35:15:50)
System suitability solution:  12.5 µg/mL of iminostilbene and 5.0 µg/mL of USP

Carbamazepine RS in methanol
Standard solution:  4 µg/mL of USP Carbamazepine RS in methanol
Sample solution:  Use Sample stock solution A from the Assay.
Chromatographic system:  Proceed as directed in the Assay.
System suitability 

Sample:  System suitability solution
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[Note—The relative retention times for carbamazepine and iminostilbene are about 0.3 and
1.0, respectively.]

Suitability requirements 
Resolution:  NLT 10.0 between carbamazepine and iminostilbene
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
CS= concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
CU= nominal concentration of carbamazepine in the Sample solution (mg/mL)
Acceptance criteria 

Any individual impurity
unspecified degradation product:

 NMT 0.2%
Total Impurities:  NMT 0.5% for all impurities from Procedure 2 and Procedure 3
Procedure 1 and Procedure 2.

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method Ia 921 : NMT 5.0% 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Carbamazepine RS 

BRIEFING

Carbon Monoxide C11, USP 36 page 2797. The monograph for this article was developed to
support IND and research uses before the existence of PET GMP standards (21 CFR 212). The
current FDA guidance requires that PET drugs intended for clinical use be produced according
to an approved NDA/ANDA. This applies to commercially distributed PET drugs, as well as to
those prepared at medical institutions for internal use. Under the present PET GMP guidance,
this article is a nonapproved PET drug. More details on this topic may be found at J. Nucl.
Med., 2013; 54:472–475. Hence, it is proposed to omit this monograph from USP. When this
article gains FDA approval, the monograph could be reintroduced into USP via the
Pharmacopeial Forum process with the FDA-approved test procedures and acceptance criteria.
Interested parties are encouraged to submit their comments on or before September 30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128890

Comment deadline: September 30, 2013
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Delete the following:

Carbon Monoxide C 11

» Carbon Monoxide C 11 is a colorless, odorless, non-irritating gas, suitable
for administration by inhalation, in which a portion of the molecules are

labeled with radioactive 11C. It contains not less than 90.0 percent and not

more than 110.0 percent of the labeled amount of 11C expressed in MBq (or
in mCi) at the time indicated in the labeling.

Specific activity: dependent upon the amount of radioactivity to be inhaled, but not more
than 1.23 mmoles of carbon monoxide per volume.

Packaging and storage—Dispense the gas either continuously or batchwise, and preserve in a
single-dose container that is adequately shielded. It may also be trapped either on activated

charcoal at 196  or on a molecular sieve at 72 .

Labeling—The label must include the following: the time and date of calibration; the amount of
11C as carbon monoxide expressed as total MBq (mCi) at time of calibration; the expiration time
and date; and the statement “Caution—Radioactive Material.” The labeling indicates that in
making dosage calculations correction is to be made for radioactive decay, and states that the
radioactive half-life of 11C is 20.39 minutes. Each container to hold 11CO shall be independently
labeled to indicate lot number and/or batch number. The labeling states that a microbiological
filter (0.22 µm) is to be in place to remove any possible particulate matter that could be carried
through to the final product.

Radionuclide identification (see Radioactivity 821 )—

A: Its gamma-ray spectrum is identical to that of a specimen of 11C in that it exhibits a
positron annihilation peak at 0.511 MeV and possibly a sum peak of 1.022 MeV, dependent upon
geometry and detector efficiency.

B: Radio-gas chromatography using a molecular sieve chromatographic column to determine the
absence of [13N]N2 using a suitable radioactivity detector and mass detector.

Radionuclidic purity—A multichannel analyzer is used to count all radioactivity from 40 to
2,500 KeV to determine the absence of radiation, other than at 0.511 MeV and 1.022 MeV,
over a period of 4 hours. Possible impurities could be 13N2 (t½ = 9.97 min, this gamma ray

spectrum is indistinguishable from 11C, (B+) 491 KeV),10C (t½ = 19 sec, 718.3 KeV (100%)),
14O (t½ = 70 sec, 2312.7 KeV (99.4%)). [11C]CO should contain no more than 10% impurities
at the time of inhalation.

Radiochemical purity and mass determination—[Note—This pharmaceutical may be
synthesized by different methods and may therefore contain different impurities. Additional
validated tests relevant to the synthetic procedure may be necessary in order to assure
radiochemical purity of the final product.] Confirm by radio-gas chromatography. The gas
stream, either directly from the target, or after initial chemical processing, is directed to an
injection loop valve of a gas chromatograph and two precalibrated columns, a molecular sieve
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that allows separation of carbon monoxide from the different air components (O2, N2, and CH4),
and a column containing support S3 and of sufficient length to separate CO2 from N2 and CO
(which co-elute) and CO2 from NO2 at room temperature. A simple radioactivity detector and a
thermal conductivity detector (or equivalent) are required for the mass determination of carbon
monoxide. The radiochemical purity is not less than 98%. Mass analysis of the gas-air mixture
must demonstrate levels of carbon monoxide less than 1.23 mmoles in the entire dose which is
the upper limit for a single-bolus inhalation.

Assay for radioactivity—Determine the radioactivity, in MBq (or mCi), by use of a calibrated

system as directed under Radioactivity 821 .

BRIEFING

Flumazenil C 11 Injection, USP 36 page 2798. The monograph for this article was
developed to support IND and research uses before the existence of PET GMP standards (21
CFR 212). The current FDA guidance requires that PET drugs intended for clinical use be
produced according to an approved NDA/ANDA. This applies to commercially distributed PET
drugs, as well as to those prepared at medical institutions for internal use. Under the present
PET GMP guidance, this article is a nonapproved PET drug. More details on this topic may be
found at J. Nucl. Med., 2013; 54:472–475. Hence, it is proposed to omit this monograph from
USP. When this article gains FDA approval, the monograph could be reintroduced into USP via
the Pharmacopeial Forum process with the FDA-approved test procedures and acceptance
criteria. Interested parties are encouraged to submit their comments on or before September
30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128886

Comment deadline: September 30, 2013

Delete the following:

Flumazenil C 11 Injection

» Flumazenil C 11 Injection is a sterile solution, suitable for intravenous
administration, of Flumazenil in which a portion of the molecules are labeled

at the N-position with radioactive 11C. It contains not less than 90.0 percent

and not more than 110 percent of the labeled amount of 11C expressed in
MBq (or mCi) at the time indicated in the labeling. Its specific activity is not
less than 14.8 GBq (400 mCi) per µmol. It may contain suitable buffers.

Packaging and storage—Preserve in single-dose or multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following, in addition to the information specified for Labeling

under Injections 1 : the time and date of calibration; the amount of 11C as [N-
methyl-11C]Flumazenil, expressed as MBq (or mCi); the specific activity, expressed as MBq (or
mCi) per µmol; the concentration, expressed as MBq (or mCi) per mL, at the date and time of
calibration; the expiration date and time; the lot or batch number; the name and quantity of
any added preservative or stabilizer; and the statements, “Caution—Radioactive Material” and
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“Do not use if cloudy or if it contains particulate matter.” The labeling indicates that in making
dosage calculations, correction is to be made for radioactive decay, and states that the
radioactive half-life of 11C is 20 minutes.

USP Reference standards 11 —
USP Endotoxin RS
USP Flumazenil RS

Radionuclide identification 821 —Its gamma-ray spectrum is identical to that of a specimen
of 11C in that it exhibits a positron annihilation peak at 0.511 MeV and possibly a sum peak of
1.022 MeV, dependent upon geometry and detector efficiency.

Bacterial endotoxins 85 —It contains not more than175/V USP Endotoxin Unit per mL, in
which V is the maximum recommended total dose, in mL, at the expiration date or time.

pH 791 : between 4.5 and 8.5.

Radionuclidic purity 821 —Using a multichannel analyzer, count all radioactivity from 40 to
2,500 keV to determine the absence of radiation, other than at 0.511 MeV and 1.022 MeV, over
a period of 4 hours. Determine the half-life (20 minutes) by a suitable detector system.

Chemical purity—

Mobile phase— Transfer 1.2 g of monobasic sodium phosphate to a 1000-mL volumetric flask,
dissolve in 500 mL of deionized distilled water, and dilute with deionized distilled water to
volume to obtain a stock solution. Transfer 300 mL of acetonitrile to another 1000-mL
volumetric flask, and dilute with the stock solution to volume. Filter and degas. Make

adjustments if necessary (see System Suitability under Chromatography 621 ).

System suitability solution— Dissolve an accurately weighed quantity of USP Flumazenil RS in
acetonitrile to obtain a solution having a known concentration of 1 mg of flumazenil per mL.
Dilute a portion of this solution quantitatively with Mobile phase to obtain a solution having a
known concentration of about 10 µg of flumazenil per mL.

Test solution— Pipet an accurately measured volume of Injection into a suitable container, and
dilute with Mobile phase to obtain a solution containing about 0.1 mL of flumazenil per mL.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 4.6-mm × 25-cm column that contains packing L1. The flow rate

is about 2 mL per minute. The column temperature is maintained at 20 . Chromatograph the
System suitability solution, and record the peak responses as directed for Procedure: the
column efficiency is not less than 100 theoretical plates; the tailing factor is not more than
1.1; and the relative standard deviation for replicate injections is not more than 3.2%.

Procedure— Inject about 20 µL of the Test solution into the chromatograph, record the
chromatogram, and measure the peak responses. Separately calculate the percentage of each
impurity in the portion of the Injection taken by the formula:

100(ri / rs)

in which ri is the peak response for each impurity; and rs is the sum of the responses of all the
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peaks: not more than 0.2% of any individual impurity is found, and not more than 0.9% of total
impurities is found.

Radiochemical purity 821 —

Mobile phase and System suitability solution—Prepare as directed in the test for Chemical
purity.

Chromatographic system— Proceed as directed in the test for Chemical purity, except that
the liquid chromatograph is also equipped with a suitable collimated radiation detector (see

Radioactivity 821 ).

Procedure— Inject about 20 µL of the Injection into the chromatograph, record the
chromatogram, and measure responses for the major peaks. The radioactivity under the main
peak is not less than 98% of the total radioactivity measured.

Specific activity—

Mobile phase and System suitability solution—Proceed as directed in the test for Chemical
purity.

Chromatographic system— Proceed as directed in the test for Chemical purity, except that
the liquid chromatograph is also equipped with a suitable collimated radiation detector (see

Radioactivity 821 ).

Procedure— Calculate the specific activity, in MBq (or mCi) per µmol, of Injection by the
formula:

3.03(CRPR) / C

in which CR is the radioactivity content, in MBq (or mCi) per mL, as determined in the Assay for
radioactivity; PR is the radiochemical purity (in %), as determined in the test for Radiochemical
purity; and C is the concentration, in µg per mL, of flumazenil in the Injection as determined in
the test for Chemical purity. The specific activity is not less than 400 mCi per µmol.

Other requirements—It meets the requirements under Injections 1 , except that the

Injection may be distributed or dispensed prior to completion of the test for Sterility 71 , the
latter test being started on the day following final manufacture, and except that it is not
subject to the recommendation on Container Content.

Assay for radioactivity 821 —Using a suitable counting assembly (see Selection of a
Counting Assembly), determine the radioactivity, in MBq (or mCi) per mL, of Injection by use of
a calibrated system.

BRIEFING

Mespiperone C 11 Injection, USP 36 page 2799. This monograph was developed before
PET GMP standards (21 CFR 212) went into effect based on an IND held by either an academic
institution or by a research facility. The current FDA guidance for PET drugs requires the
intended drugs for clinical use to be produced according to a submitted NDA/ANDA and PET
GMP standards (21 CFR 212). This applies to commercially distributed PET drugs, as well as to
those prepared at medical institutions for internal use. Under the present PET GMP guidance,
this article is a nonapproved PET drug. Hence, it is proposed to omit this monograph from USP.
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When this article gains full FDA approval, this monograph could be reintroduced into USP with
the FDA-approved test procedures and acceptance criteria via the Pharmacopeial Forum
process. Interested parties are encouraged to submit their comments on or before August 31,
2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128891

Comment deadline: September 30, 2013

Delete the following:

Mespiperone C 11 Injection

» Mespiperone C 11 Injection is a sterile, isotonic solution, suitable for

intravenous administration, of 3–N-[11C] methylspiperone in which a portion

of the molecules are labeled with radioactive 11C. It contains not less than

90.0 percent and not more than 110.0 percent of the labeled amount of 11C
expressed in GBq (or mCi) at the time indicated in the labeling. Its specific
activity is not less than 18.5 GBq (500 mCi) per µmol.

Specific activity—

Mobile phase and Standard solution—Prepare as directed in the test for Chemical purity.

Chromatographic system— Proceed as directed in the test for Chemical purity.

Procedure— Calculate the specific activity, in MBq (or mCi) per µmol, of Mespiperone C 11
Injection by the formula:

3.11(CrPr) / C

in which Cr is the radioactivity content, in MBq (or mCi) per mL, as determined in the Assay for
radioactivity, Pr is the radiochemical purity (in %), as determined in the test for Radiochemical
purity, and C is the concentration (in µg per mL) of 3-methylspiperone in the Injection, as
determined in the test for Chemical purity.

Packaging and storage—Preserve in single-dose or in multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following: the time and date of calibration; the amount of 11C
as methylspiperone expressed as total GBq (or mCi) at time of calibration; the expiration time
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and date; the lot or batch number; and the statements, “Caution—Radioactive Material” and
“Do not use if cloudy or if it contains particulate matter.” The labeling indicates that in making
dosage calculations correction is to be made for radioactive decay, and states that the
radioactive half-life of 11C is 20 minutes.

USP Reference standards 11 —
USP Endotoxin RS

Radionuclide identification (see Radioactivity 821 )—Its gamma- ray spectrum is identical
to that of a specimen of 11C in that it exhibits a positron annihilation peak at 0.511 MeV and
possibly a sum peak of 1.022 MeV, dependent on geometry and detector efficiency.

Bacterial endotoxins 85 —It contains not more than 175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration time.

pH 791 : between 4.5 and 7.

Radionuclidic purity 821 —Using a multichannel analyzer, count all radioactivity from 40 to
2500 KeV to determine the absence of radiation, other than at 0.511 MeV and 1.022 MeV, over
a period of 4 hours. Determine the half-life (20 minutes) by a suitable detector system.

Chemical purity—

Mobile phase— Prepare a filtered and degassed mixture of acetonitrile and 0.05 M monobasic
potassium phosphate (70:30). Make adjustments if necessary (see System Suitability under

Chromatography 621 ).

Standard solution— Dissolve an accurately weighed quantity of 3-methylspiperone
hydrochloride in Mobile phase, and dilute quantitatively, and stepwise if necessary, with Mobile
phase to obtain a solution having a known concentration of about 0.1 mg per mL.

Test solution— Pipet an accurately measured volume of Injection into a suitable container, and
dilute with Mobile phase to obtain a solution containing about 0.1 mg per mL.

Chromatographic system (see Chromatography 621 ). The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 0.8 mL per minute. For simultaneous analysis of radiochemical purity, a suitable

radioactivity detector (see Radioactivity 821 ) is coupled to the system. Chromatograph the
Standard solution, and record the peak responses as directed for Procedure: the column
efficiency determined from the analyte peak is not less than 100 theoretical plates, the tailing
factor for the analyte peak is not more than 1.1, and the relative standard deviation for
replicate injections is not more than 3.2%.

Procedure— Inject about 20 µL of the Test Solution into the chromatograph, record the
chromatogram, and measure the peak responses. Separately calculate the percentage of each
impurity in the portion of Injection taken by the formula:

100(ri / rs)

in which ri is the peak response obtained for each impurity, and rs is the sum of the responses
of all of the peaks: not more than 0.2% of any individual impurity is found, and the sum of all
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impurities is not more than 0.9%.

Radiochemical purity 821 —Proceed as directed in the test for Chemical purity, except that
the liquid chromatograph is also equipped with a suitable collimated radioactivity detector. The
radioactivity under the main peak is not less than 98% of the total radioactivity measured.

Other requirements—It meets the requirements under Injections 1 , except that the
Injection may be distributed or dispensed prior to completion of the test for Sterility, the latter
test being started on the day following final manufacture, and except that it is not subject to
the recommendation on Container Content.

Assay for radioactivity 821 —Using a suitable counting assembly (see Selection of a
Counting Assembly), determine the radioactivity, in GBq (or mCi) per mL, of Injection by use of
a calibrated system.

BRIEFING

Methionine C 11 Injection, USP 36 page 2800. The monograph for this article was
developed to support IND and research used before the existence of PET GMP standards (21
CFR 212). The current FDA guidance requires that PET drugs intended for clinical use be
produced according to an approved NDA/ANDA. This applies to commercially distributed PET
drugs, as well as to those prepared at medical institutions for internal use. Under the present
PET GMP guidance, this article is a nonapproved PET drug. More details on this topic may be
found at J. Nucl. Med., 2013;54: 472–475. Hence, it is proposed to omit this monograph from
USP. When this article gains FDA approval, the monograph could be reintroduced into USP via
the Pharmacopeial Forum process with the FDA-approved test procedures and acceptance
criteria. Interested parties are encouraged to submit their comments on or before September
30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128887

Comment deadline: September 30, 2013

Delete the following:

Methionine C 11 Injection

» Methionine C 11 Injection is a sterile isotonic solution, suitable for

intravenous administration of l[11C]methionine, in which a portion of the

molecules are labeled with radioactive 11C. It contains not less than 90.0

percent and not more than 110.0 percent of the labeled amount of 11C
expressed in MBq (or in mCi) at the time indicated in the labeling. It may
contain preservatives and stabilizers.

Specific activity: not less than 37.0 GBq (1.0 Ci) per mmol.

Packaging and storage—Preserve in single-dose or multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following: the time and date of calibration; the amount of 11C
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as methionine expressed as total MBq (or mCi) per mL at time of calibration; the expiration time
and date; the name and quantity of any added preservative or stabilizer; and the statement
“Caution—Radioactive Material.” The labeling indicates that in making dosage calculations,
correction is to be made for radioactive decay, and states that the radioactive half-life of 11C
is 20.4 minutes. Each container to hold 11C methionine shall be independently labeled to
indicate lot number and batch number. The labeling states that a microbiological filter (0.22 µm)
is to be in place to remove any possible particulate matter that could be carried through to the
final product.

USP Reference standards 11 —
USP Endotoxin RS

Radionuclide identification (see Radioactivity 821 )—Its gamma-ray spectrum is identical
to that of a specimen of 11C in that it exhibits a positron annihilation peak at 0.511 MeV and
possibly a sum peak of 1.022 MeV, dependent upon geometry and detector efficiency.

Bacterial endotoxins 85 —It contains not more than175/V USP Endotoxin Unit per mL of the
Injection, in which V is the maximum recommended total dose, in mL, at the expiration time.

pH 791 : between 6.0 and 8.0.

Radionuclidic purity 821 —Using a suitable gamma-ray spectrometer, determine the absence
of radiation other than at 0.511 MeV, over a period of 20 minutes. Determine the half-life
(20.41 minutes) by a suitable detector system.

Chemical purity—

Mobile phase— Prepare a filtered and degassed mixture of 0.008 M copper acetate and 0.017 M
l-proline. Adjust with 0.030 M sodium acetate to a pH of 5. Make adjustments, if necessary

(see System Suitability under Chromatography 621 ).

Standard solution— Dissolve an accurately weighed quantity of dl-methionine in Mobile phase
and dilute quantitatively, and stepwise if necessary, to obtain a solution containing 0.1 mg per
mL.

Test solution— Pipet a volume of Injection into a suitable container, and dilute with Mobile
phase to obtain a solution containing about 0.1 mg per mL.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 4.6-mm × 15-cm column that contains packing L1. The flow rate
is about 0.5 mL per minute. Chromatograph the Standard solution, and record the peak
responses as directed for Procedure: the relative retention times are 1.0 for d-methionine and
2.4 for l-methionine; the resolution, R, between the d- and l-enantiomers is not less than 1.5;
the column efficiency is not less than 1400 theoretical plates; the tailing factor is not more
than 2.0; and the relative standard deviation for replicate injections is not more than 2%.

Procedure— Inject a volume (about 10 µL) of the Test solution into the chromatograph, record
the chromatogram, and measure the peak responses. Calculate the percentage of d-methionine
in the portion of Injection taken by the formula:

100(ri / rs)
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in which ri is the peak response for d-methionine, and rs is the sum of the responses of all of
the peaks: not more than 4% of d-enantiomer is found.

Radiochemical purity—Proceed as directed under Chemical purity. The radioactivity of the
main peak is not less than 98% of the total radioactivity measured.

Other requirements—It meets the requirements under Injections 1 , except that the

Injection may be distributed or dispensed prior to completion of the tests for Sterility 71

and Bacterial Endotoxins 85 , these tests being started on the day of final manufacture, and
except that it is not subject to the recommendation of Container Content.

Assay for radioactivity 821 —Using a suitable counting assembly (see Selection of a
Counting Assembly), determine the radioactivity, in GBq (Ci) per mL, of the Injection by use of
a calibrated system.

BRIEFING

Raclopride C11 Injection, USP 36 page 2800. The monograph for this article was developed
to support IND and research uses before the existence of PET GMP standards (21 CFR 212).
The current FDA guidance requires that PET drugs intended for clinical use be produced
according to an approved NDA/ANDA. This applies to commercially distributed PET drugs, as
well as to those prepared at medical institutions for internal use. Under the present PET GMP
guidance, this article is a nonapproved PET drug. More details on this topic may be found at J.
Nucl. Med., 2013; 54:472–475. Hence, it is proposed to omit this monograph from USP. When
this article gains FDA approval, the monograph could be reintroduced into USP via the
Pharmacopeial Forum process with the FDA-approved test procedures and acceptance criteria.
Interested parties are encouraged to submit their comments on or before September 30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128888

Comment deadline: September 30, 2013

Delete the following:

Raclopride C 11 Injection

» Raclopride C 11 Injection is a sterile solution, suitable for intravenous
administration, of raclopride, in which a portion of the molecules are labeled

at the O-methyl position with radioactive 11C. It contains not less than 90.0
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percent and not more than 110 percent of the labeled amount of 11C
expressed in MBq (or mCi) at the time indicated in the labeling. Its specific
activity is not less than 18.5 Gbq (500 mCi) per µmol. It may contain
suitable buffers.

Specific activity—

Mobile phase and Standard solution—Prepare as directed in the test for Chemical purity.

Chromatographic system— Proceed as directed in the test for Radiochemical purity.

Procedure— Calculate the specific activity, in GBq (or mCi) per µmol, of Injection by the
formula:

3.47(CrPr) / C

in which Cr is the radioactivity content, in MBq (or mCi) per mL, as determined in the Assay for
radioactivity; Pr is the radiochemical purity (in %), as determined in the test for Radiochemical
purity; and C is the concentration (in µg per mL) of raclopride in the Injection, as determined in
the test for Chemical purity.

Packaging and storage—Preserve in single-dose or in multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following, in addition to the information specified for Labeling

under Injections 1 : the time and date of calibration; the amount of 11C as [O-
methyl-11C]raclopride, expressed as total megabecquerels (or millicuries); the specific activity,
expressed as megabecquerels (or millicuries) per µmol; and the concentration, expressed as
megabecquerels (or millicuries) per mL, at the date and time of calibration; the expiration date
and time; the lot or batch number; the name and quantity of any added preservative or
stabilizer; and the statements, “Caution—Radioactive Material” and “Do not use if cloudy or if it
contains particulate matter.” The labeling indicates that in making dosage calculations
correction is to be made for radioactive decay, and states that the radioactive half-life of 11C
is 20 minutes.

USP Reference standards 11 —
USP Endotoxin RS

Radionuclide identification 821 —Its gamma-ray spectrum is identical to that of a specimen
of 11C in that it exhibits a positron annihilation peak at 0.511 MeV and possibly a sum peak of
1.022 MeV, dependent upon geometry and detector efficiency.

Bacterial endotoxins 85 —It contains not more than175/V USP Endotoxin Unit per mL, in
which V is the maximum recommended total dose, in mL, at the expiration date or time.

pH 791 : between 4.5 and 7.

Radionuclidic purity 821 —Using a multichannel analyzer, count all radioactivity from 40 to
2500 keV to determine the absence of radiation, other than at 0.511 MeV and 1.022 MeV, over
a period of 4 hours. Determine the half-life (20 minutes) by a suitable detector system.
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Chemical purity—

Mobile phase— Add 840 µL of phosphoric acid to 500 mL of deionized distilled water in a 1000-
mL volumetric flask. Add 270 mL of acetonitrile, dilute with deionized distilled water to volume,
filter, and degas. Make adjustments if necessary (see System Suitability under

Chromatography 621 ).

Standard solution— Dissolve an accurately weighed quantity of raclopride (as the tartrate salt)
in water to obtain a solution having a known concentration of about 1 mg of raclopride per mL.
Dilute a portion of this solution quantitatively with Mobile phase to obtain a solution having a
known concentration of about 10 µg of raclopride per mL.

Test solution— Prepare a solution by quantitatively diluting an accurately measured volume of
Injection, equivalent to about 37 MBq (1 mCi) of radioactivity, with 10 parts of Mobile phase,
and mix.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L9. The flow rate
is about 2 mL per minute. Chromatograph the Standard solution, and record the peak responses
as directed for Procedure: the relative retention times are about 0.75 for O-
desmethylraclopride and 1.0 for raclopride; the resolution, R, between acetate and carbonate is
not less than 1.5; the column efficiency determined from the analyte peak is not less than 85
theoretical plates; and the relative standard deviation for replicate injections is not more than
10.0%.

Procedure— Separately inject equal volumes (about 20 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the areas of the
responses for the raclopride peaks. Calculate the concentration, in µg per mL, of raclopride
(C15H20Cl2N2O3) in the portion of Injection taken by the formula:

C(rU / rS)

in which C is the concentration, in µg per mL, of raclopride in the Standard solution; and rU and
rS are the raclopride peak responses obtained from the Test solution and the Standard solution,
respectively. In the chromatogram of the Test solution, the area of the peak with a retention
time of about 6 minutes (raclopride) is not less than 98% of the total area of all peaks.

Radiochemical purity—

Mobile phase and Standard solution—Prepare as directed in the test for Chemical purity.

Chromatographic system— Proceed as directed in the test for Chemical purity, except that
the liquid chromatograph is also equipped with a suitable collimated radiation detector (see

Radioactivity 821 ).

Procedure— Inject about 20 µL of the Injection into the chromatograph, record the
chromatogram, and measure the areas of the responses for the major peaks. The radioactivity
under the main peak is not less than 95% of the total area of all peaks observed, and its
retention time is within 10% of that obtained for the Standard solution, similarly
chromatographed.

Other requirements—It meets the requirements under Injections 1 , except that the
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Injection may be distributed or dispensed prior to completion of the test for Sterility, the latter
test being started on the day following final manufacture, and except that it is not subject to
the recommendation on Container Content.

Assay for radioactivity 821 —Using a suitable counting assembly (see Selection of a

Counting Assembly under Radioactivity 821 ), determine the radioactivity, in MBq (or mCi)
per mL, of Injection by use of a calibrated system.

BRIEFING

Sodium Acetate C 11 Injection, USP 36 page 2801. The monograph for this article was
developed to support IND and research uses before the existence of PET GMP standards (21
CFR 212). The current FDA guidance requires that PET drugs intended for clinical use be
produced according to an approved NDA/ANDA. This applies to commercially distributed PET
drugs, as well as to those prepared at medical institutions for internal use. Under the present
PET GMP guidance, this article is a nonapproved PET drug. More details on this topic may be
found at J. Nucl. Med., 2013;54: 472–475. Hence, it is proposed to omit this monograph from
USP. When this article gains FDA approval, the monograph could be reintroduced into USP via
the Pharmacopeial Forum process with the FDA-approved test procedures and acceptance
criteria. Interested parties are encouraged to submit their comments on or before September
30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128889

Comment deadline: September 30, 2013

Delete the following:

Sodium Acetate C 11 Injection

» Sodium Acetate C 11 Injection is a sterile solution, suitable for
intravenous administration, of Sodium Acetate in which a portion of the

carboxyl molecules are labeled with radioactive 11C. It contains not less than

90.0 percent and not more than 110.0 percent of the labeled amount of 11C
expressed in MBq (or in µCi or mCi) at the time indicated in the labeling. It
may contain suitable buffers.

Specific activity: not less than 3.7 GBq (100 mCi) per µmol.

2S (USP37)
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Packaging and storage—Preserve in single-dose or in multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following, in addition to the information specified for Labeling

under Injections 1 : the time and date of calibration; the amount of 11C as labeled sodium
acetate expressed as total MBq (or mCi) and the concentration as megabecquerels per mL (or
as millicuries per mL), on the date and time of calibration; the expiration date and time; the lot
or batch number; the name and quantity of any added preservative or stabilizer; an indication
on the labeling that states, “Do not use if cloudy or if it contains particulate matter;” and the
statement “Caution—Radioactive Material.” The labeling indicates that in making dosage
calculations, correction is to be made for radioactive decay, and also indicates that the
radioactive half-life of 11C is 20 minutes.

USP Reference standards 11 —
USP Endotoxin RS

Radionuclide identification 821 —Its gamma-ray spectrum is identical to that of a specimen
of 11C in that it exhibits a positron annihilation peak at 0.511 MeV and possibly a sum peak of
1.022 MeV, dependent upon geometry and detector efficiency.

Bacterial endotoxins 85 —It contains not more than175/V USP Endotoxin Unit per mL, in
which V is the maximum recommended total dose, in mL, at the expiration date or time.

pH 791 : between 4.5 and 8.5.

Radionuclidic purity 821 —A multichannel analyzer is used to count all radioactivity from 40
to 2,500 keV to determine the absence of radiation, other than at 0.511 MeV and 1.022 MeV,
over a period of 4 hours. Determine the half-life by a suitable detector system.

Chemical purity—

Mobile phase— Add 14 mL of 0.5 N sulfuric acid to 500 mL of water in a 1000-mL volumetric
flask. Add 100 mL of acetonitrile, dilute with water to volume, and mix. Filter and degas. Make

adjustments if necessary (see System Suitability under Chromatography 621 ).

Reference solution— Dissolve an accurately weighed quantity of sodium acetate in water to
obtain a solution having a known concentration of about 1 mg per mL. Quantitatively dilute a
portion of this solution with Mobile phase to obtain a solution having a known concentration of
about 20 µg per mL.

Test solution— Prepare a solution by quantitatively diluting an accurately measured volume of
Injection, equivalent to about 1 mCi of radioactivity with 10 parts of Mobile phase, and mix.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 210-nm detector and a 7.8-mm × 10-cm column that contains packing L9. The flow rate
is about 1 mL per minute. Chromatograph the Reference solution, and record the peak
responses as directed for Procedure: the relative retention times are about 0.8 minutes for
acetate and 1.0 minute for carbonate; the resolution, R, between acetate and carbonate is not
less than 1.4; the column efficiency is not less than 85 theoretical plates; and the relative
standard deviation for replicate injections is not more than 10%.
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Procedure— Separately inject equal volumes (about 50 µL) of the Reference solution and the
Test solution into the chromatograph, record the chromatograms, and measure the responses
for the acetate peaks. Calculate the concentration, in µg per mL, of sodium acetate in the
Injection by the formula:

C(rU / rS)

in which C is the concentration, in g per mL, of sodium acetate in the Reference solution; and
rU and rS are the acetate peak responses obtained from the Test solution and the Reference
solution, respectively.

Radiochemical purity—

Mobile phase and Reference solution—Proceed as directed under Chemical purity.

Chromatographic system— Proceed as directed under Chemical purity except that the liquid
chromatograph is also equipped with a suitable collimated radiation detector (see Radioactivity 

821 ).

Procedure— Inject about 30 µL of the Injection into the chromatograph, record the
chromatogram, and measure the areas for the major peaks. The radioactivity under the acetate
C 11 peak is not less than 95% of the total area of all peaks observed, and its retention time is
within ±10% of that obtained for the Reference solution, similarly chromatographed.

Other requirements—It meets the requirements under Injections 1 , except that the
Injection may be distributed or dispensed prior to completion of the test for Sterility, the latter
test being started on the day following final manufacture, and except that it is not subject to
the recommendation of Container Content.

Assay for radioactivity 821 —Using a suitable counting assembly (see Selection of a
Counting Assembly), determine the radioactivity in MBq (mCi) per mL, of the Injection by use of
a calibrated system.

BRIEFING

Clarithromycin Tablets, USP 36 page 3018. As part of the USP monograph modernization
effort, and based on the British Pharmacopoeia 2013 monograph, this monograph is revised
to include the test for Organic Impurities. The Kromasil C18 brand of L1 column is suitable
for this procedure. The typical retention time for clarithromycin is about 11 min. The Assay is
revised to delete the requirement for Column efficiency, because the remaining criteria are
adequate to evaluate the System suitability. The particle size of the column used in the
Assay is added for clarity. The test for Dissolution is revised to update the composition of
the Standard solution to match that of the Sample solution. Suitable columns for the Assay
and the test for Dissolution are the Symmetry C18 and Zorbax SB C18 brands of L1 column.
The USP Reference Standards section is revised to include a Reference Standard that is
required in the test for Organic Impurities.

(SM1: A. Wise.)
Correspondence Number—C122757

Comment deadline: September 30, 2013
Clarithromycin Tablets
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DEFINITION

Clarithromycin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
clarithromycin (C38H69NO13).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol and 0.067 M monobasic potassium phosphate (13:7). Adjust with
phosphoric acid to a pH of 4.0, and pass through a suitable filter.

System suitability stock solution:  625 µg/mL of USP Clarithromycin Related Compound A
RS in methanol

System suitability solution:  125 µg/mL of USP Clarithromycin RS from the Standard stock
solution and 125 µg/mL of USP Clarithromycin Related Compound A RS from the System
suitability stock solution in Mobile phase

Standard stock solution:  625 µg/mL of clarithromycin from USP Clarithromycin RS
dissolved in methanol. Shake, and sonicate to facilitate dissolution.

Standard solution:  125 µg/mL of clarithromycin from the Standard stock solution in Mobile
phase. Pass through a suitable filter.

Sample stock solution:  Nominally 4 mg/mL of clarithromycin from finely powdered Tablets
in methanol. Shake by mechanical means for 30 min to disperse, and allow any insoluble
matter to settle.

Sample solution:  120 µg/mL of clarithromycin from the Sample stock solution in Mobile
phase. Pass through a filter of 0.5-µm or finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm;
5-µm

packing L1
[Note—A guard column containing packing L1 may be added.]

Column temperature:  50
Flow rate:  1 mL/min
Injection volume:  20–50 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for clarithromycin and clarithromycin related compound

A are 0.75 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between clarithromycin and clarithromycin related compound A,
System suitability solution
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Column efficiency:  NLT 750 theoretical plates from the clarithromycin peak, Standard
solution

Tailing factor:  0.9–1.5, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of clarithromycin (C38H69NO13) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of clarithromycin in the Standard solution (µg/mL)
CU= nominal concentration of the Sample solution (µg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Buffer:  Prepare a solution containing 13.61 mg/mL of sodium acetate trihydrate in water.

Prepare another solution by diluting 5.7 mL of glacial acetic acid with water to 1 L.
Combine portions of the two solutions to obtain a pH of 5.0.

Medium:  Buffer, 900 mL
Apparatus 2:  50 rpm
Time:  30 min
Mobile phase, System suitability solution, Chromatographic system, and System

suitability:  Proceed as directed in the Assay.
Standard solution:  Proceed as directed in the Assay.

Standard stock solution:  625 µg/mL of clarithromycin from USP Clarithromycin RS
dissolved in Buffer. Shake, and sonicate to facilitate dissolution.
Standard solution:  125 µg/mL of clarithromycin from the Standard stock solution in

Mobile phase. Pass through a suitable filter.
Sample solution:  Dilute with Mobile phase to yield a solution containing nominally of 125

µg/mL of clarithromycin.
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of clarithromycin (C38H69NO13) dissolved:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of the Standard solution (µg/mL)
CU= nominal concentration of the Sample solution (µg/mL)
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Tolerances:  NLT 80% (Q) of the labeled amount of clarithromycin (C38H69NO13) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  4.76 g/L of monobasic potassium phosphate adjusted with dilute phosphoric
acid (1 in 10) or 4.5% (w/v) of potassium hydroxide to a pH of 4.4

Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
32 40 60
34 40 60
36 75 25
42 75 25

Diluent:  Acetonitrile and water (1:1)
System suitability solution:  1.5 mg/mL of USP Clarithromycin Identity RS in Diluent
Standard stock solution:  1.5 mg/mL of USP Clarithromycin RS in acetonitrile and water

(1:1). Dissolve first in acetonitrile, using 50% of the final volume, and dilute with water to
volume.

Standard solution 1:  0.075 mg/mL of USP Clarithromycin RS from Standard stock solution
in Diluent

Standard solution 2:  0.0075 mg/mL of USP Clarithromycin RS from Standard solution 1 in
Diluent

Sample solution:  Nominally 1.5 mg/mL of clarithromycin from finely powdered Tablets in
Diluent. Sonicate, and pass through a suitable filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1

Column temperature:  40
Flow rate:  1.1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution 1
[Note—See Table 2 for relative retention times.]
Suitability requirements 

Peak-to-valley ratio:  NLT 3.0 between clarithromycin and clarithromycin impurity D,
System suitability solution. Calculate as follows:

Result = HP/HV
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HP= height above the baseline of the clarithromycin impurity D peak
HV= height above the baseline of the lowest point of the curve separating the

clarithromycin impurity D peak from the clarithromycin peak
Tailing factor:  NMT 1.7, Standard solution 1

Analysis 
Samples:  Standard solution 2 and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

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

rU= peak response from the Sample solution
rS= peak response from Standard solution 2
CS= concentration of clarithromycin in Standard solution 2 (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  The reporting threshold is 0.1%.

Any individual impurity:  NMT 1.0%; NMT four impurities exceed 0.4%.
Total impurities:  NMT 3.5%

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Clarithromycin impurity Ia 0.38 1.0

Clarithromycin impurity Ab (clarithromycin F) 0.42 1.0
Clarithromycin impurity Jc 0.63 1.0

Clarithromycin impurity Ld 0.74 1.0

Clarithromycin impurity Be 0.79 1.0

Clarithromycin impurity Mf 0.81 1.0

Clarithromycin impurity Cg 0.89 1.0

Clarithromycin impurity Dh 0.96 1.0

Clarithromycin 1.0 —
Clarithromycin impurity Ni 1.15 1.0

Clarithromycin related compound Aj 1.27 1.0

Clarithromycin impurity Fk 1.33 1.0

Clarithromycin impurity Pl 1.35 1.0

Clarithromycin impurity Om 1.38 1.0

Clarithromycin impurity Kn 1.59 1.0

Clarithromycin impurity Go 1.72 3.7

Clarithromycin impurity Hp 1.82 6.7
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a  3-O-Decladinosyl-6-O-methylerythromycin A.
b  2-Demethyl-2-(hydroxymethyl)-6-O-methylerythromycin A.
c  Erythromycin A (E)-9-oxime.
d  6-O-Methylerythromycin (Z)-9-oxime.
e  6-O-Methyl-15-norerythromycin A.
f  3¢¢-N-Demethyl-6-O-methylerythromycin A (E)-9-oxime.
g  6-O-Methylerythromycin A (E)-9-oxime.
h  3¢¢-N-Demethyl-6-O-methylerythromycin A.
i  (10E)-10,11-Didehydro-11-deoxy-6-O-methylerythromycin A.
j  6,11-Di-O-methylerythromycin A.
k  6,12-Di-O-methylerythromycin A.
l  4¢,6-Di-O-methylerythromycin A.
m  6-O-Methylerythromycin A (Z)-9-(O-methyloxime).
n  (1S,2R,5R,6S,7S,8R,9R,11Z)-2-Ethyl-6-hydroxy-9-methoxy-1,5,7,9,11,13-hexamethyl-

8-[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexapyranosyl]oxy]-3,15-
dioxabicyclo[10.2.1]pentadeca-11,13-dien-4-one (3-O-decladinosyl-8,9:10,11-
dianhydro-6-O-methylerythromycin A-9,12-hemiketal.

o  6-O-Methylerythromycin A (E)-9-(O-methyloxime).
p  3¢¢-N-Demethyl-3¢¢-N-formyl-6-O-methylerythromycin A.

SPECIFIC TESTS

•  Loss on Drying 731
Analysis:  Dry a portion of powdered Tablets under vacuum at a pressure not exceeding 5

mm of mercury at 110  for 3 h.
Acceptance criteria:  NMT 6.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Clarithromycin RS 
USP Clarithromycin Identity RS 

This is a mixture of clarithromycin, clarithromycin impurity D (3¢¢-N -demethyl-6-O-
methylerythromycin A; C37H67NO13 733.9), and other impurities.

USP Clarithromycin Related Compound A RS  
6,11-Di-O-methylerythromycin A.     
C39H71NO13       762.00

BRIEFING

Cupric Sulfate, USP 36 page 3115. On the basis of comments received, the following changes
are proposed. The Loss on Drying test, which only contained limits for the pentahydrate
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form of cupric sulfate, will now also contain a limit for the anhydrous form. The Labeling
section was added and changes to the Definition were made to accommodate the anhydrous
form.

(SM1: A. Martin-Esker.)
Correspondence Number—C127821

Comment deadline: September 30, 2013
Cupric Sulfate
CuSO4·5H2O       249.69 
CuSO4       159.61 

Sulfuric acid, copper(2+) salt (1:1), pentahydrate;     
Copper(2+) sulfate (1:1) pentahydrate     [7758-99-8].
Anhydrous     [7758-98-7].

DEFINITION

Change to read:

Cupric Sulfate, dried at 250  to constant weight, contains NLT 98.5% and NMT 100.5% of
CuSO4.

Cupric Sulfate is anhydrous or contains five molecules of water of hydration. It contains NLT
98.5% and NMT 100.5% of cupric sulfate (CuSO4), calculated on the dried basis.

IDENTIFICATION

•  A. Identification Tests—General, Sulfate 191 : A 100-mg/mL solution meets the
requirements.

•  B. Identification Tests—General, Copper 191 : A 100-mg/mL solution meets the
requirements.

ASSAY
•  Procedure

Sample solution:  Place 650 mg of Cupric Sulfate in a weighed container fitted with a
ground-glass stopper. Dry, allow to cool in a desiccator, and weigh again to obtain the
weight of the sample. Dissolve in 50 mL of water. Add 4 mL of 6 N acetic acid and 3 g of
potassium iodide.

Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 N sodium thiosulfate VS
Endpoint detection:  Potentiometric

Analysis:  Titrate the liberated iodine in the Sample solution with the Titrant, adding about
2 g of potassium thiocyanate and 3 mL of starch TS as the endpoint is approached.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
sodium thiosulfate is equivalent to 15.96 mg of cupric sulfate (CuSO4).

Acceptance criteria:  98.5%–100.5% on the dried basis
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IMPURITIES
•  Limit of Sodium

Sample stock solution:  0.2 g/mL of cupric sulfate in water, prepared as follows. Transfer
40.0 g of Cupric Sulfate to a 200-mL volumetric flask, add water, and swirl to dissolve.
Add 5 mL of nitric acid, and dilute with water to volume.

Sample solutions:  To three 25-mL volumetric flasks add a volume of Sample stock solution
equivalent to the Sample Weight given in Table 1. To two of the flasks add the amounts
of reference analyte ion specified in Table 1. Add 2 mL of potassium chloride solution (1 in
20) to each flask, and dilute with water to volume.

Analysis:  Using atomic absorption spectrophotometry (see Spectrophotometry and Light-

Scattering 851 ), analyze the Sample solutions by the method of standard addition
analysis given in Table 1.

Acceptance criteria:  NMT 0.02%

Table 1

Limit
Test

Wavelength
(nm)

Sample
Weight

(g)

Reference
Ion

Added
(mg) Flame Type

Background
Correction

Sodium 589.0 0.05 0.005/0.01 Air–acetylene No
Potassium 766.5 0.4 0.02/0.04 Air–acetylene No

Calcium 422.7 0.8 0.02/0.04
Nitrous oxide–

acetylene No
Iron 248.3 4.0 0.12/0.24 Air–acetylene Yes
Nickel 232.0 4.0 0.10/0.20 Air–acetylene No

•  Limit of Potassium
Sample stock solution:  Prepare as directed in the test for Limit of Sodium.
Sample solutions:  To three 25-mL volumetric flasks add a volume of Sample stock solution

equivalent to the Sample Weight given in Table 1. To two of the flasks add the amounts
of reference analyte ion specified in Table 1, and dilute with water to volume.

Analysis:  Using atomic absorption spectrophotometry (see Spectrophotometry and Light-

Scattering 851 ), analyze the Sample solutions by the method of standard addition
analysis given in Table 1.

Acceptance criteria:  NMT 0.01%
•  Limit of Calcium

Sample stock solution:  Prepare as directed in the test for Limit of Sodium.
Sample solutions:  To three 25-mL volumetric flasks add a volume of Sample stock solution

equivalent to the Sample Weight given in Table 1. To two of the flasks add the amounts
of reference analyte ion specified in Table 1, and dilute with water to volume.

Analysis:  Using atomic absorption spectrophotometry (see Spectrophotometry and Light-

Scattering 851 ), analyze the Sample solutions by the method of standard addition
analysis given in Table 1.

Acceptance criteria:  NMT 0.005%
•  Limit of Iron

Sample stock solution:  Prepare as directed in the test for Limit of Sodium.
Sample solutions:  To three 25-mL volumetric flasks add a volume of Sample stock solution

equivalent to the Sample Weight given in Table 1. To two of the flasks add the amounts
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of reference analyte ion specified in Table 1, and dilute with water to volume.
Analysis:  Using atomic absorption spectrophotometry (see Spectrophotometry and Light-

Scattering 851 ), analyze the Sample solutions by the method of standard addition
analysis given in Table 1.

Acceptance criteria:  NMT 0.003%
•  Limit of Nickel

Sample stock solution:  Prepare as directed in the test for Limit of Sodium.
Sample solutions:  To three 25-mL volumetric flasks add a volume of Sample stock solution

equivalent to the Sample Weight given in Table 1. To two of the flasks add the amounts
of reference analyte ion specified in Table 1, and dilute with water to volume.

Analysis:  Using atomic absorption spectrophotometry (see Spectrophotometry and Light-

Scattering 851 ), analyze the Sample solutions by the method of standard addition
analysis given in Table 1.

Acceptance criteria:  NMT 0.005%

SPECIFIC TESTS

Change to read:

•  Loss on Drying 731  : Dry a sample at 250  to constant weight: it loses 33.0%–36.5% of
its weight.

Analysis:  Dry it at 250  to constant weight.
Acceptance criteria:  33.0%–36.5% for the pentahydrate form; NMT 1.0% for the

anhydrous form

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

Add the following:
•  Labeling: Label the product to indicate whether it is anhydrous or it is the pentahydrate. 

BRIEFING

Dexamethasone Oral Solution, USP 36 page 3177. On the basis of comments received and as
part of the USP monograph modernization initiative, the following changes are proposed:

1. Replace the chromatographic procedure for the Assay with a chromatographic procedure
that is specific for dexamethasone in the presence of propylparaben. The new liquid
chromatographic procedure for the Assay was validated with a Waters µBondapak
C18 brand of L1 column and employs the use of an internal standard, prednisolone.
Under the specified conditions, the typical retention time for dexamethasone is about
8.4 min.

2. Due to safety concerns, replace the Thin-Layer Chromatography Identification Test,
using chloroform, with a HPLC retention time agreement based on the Assay.

3. Update the Packaging and Storage section to include storage conditions.
4. Add USP Prednisolone RS, USP Methylparaben RS, and USP Propylparaben RS to the USP

Reference Standards 11  section to support the proposed Assay procedure.
5. Additional minor editorial changes to update the monograph to current USP style.
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(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C77797

Comment deadline: September 30, 2013
Dexamethasone Oral Solution

DEFINITION

Dexamethasone Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
dexamethasone (C22H29FO5).

IDENTIFICATION

Change to read:

•  A.Thin-Layer Chromatography Identification Test 201
Sample solution:  From a portion of Oral Solution, equivalent to 5 mg of dexamethasone,

in a 50-mL separator, add 10 mL of water, and extract with two 20-mL portions of
chloroform. Filter the lower layers through chloroform-saturated cotton into a 50-mL
conical flask, and evaporate to dryness. Dissolve the residue in 10 mL of chloroform.

Developing solvent system:  Methylene chloride and methanol (180:16)
Analysis:  Visualize the spots, using a solution (1 in 5) of p-toluenesulfonic acid in a

mixture of alcohol and propylene glycol (9:1) followed by heat.
Acceptance criteria:  Meets the requirements

The retention time of the dexamethasone peak from the Sample solution corresponds to that
of the Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, glacial acetic acid, and water (55:2:43)
Diluent:  Methanol and water (1:1)
Standard solution:  0.04 mg/mL of USP Dexamethasone RS in Diluent
Sample solution:  Nominally 0.04 mg/mL of dexamethasone in Diluent, from an accurately

measured volume of Oral Solution
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm ×30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 2000 theoretical plates
Tailing factor:  NMT 2.0
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Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the
portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of dexamethasone from the Sample solution
rS= peak response of dexamethasone from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%
Mobile phase:  Methanol and water (1:1)
Internal standard solution:  0.1 mg/mL of USP Prednisolone RS in methanol
System suitability stock solution:  0.6 mg/mL of USP Methylparaben RS and 0.075

mg/mL of USP Propylparaben RS in methanol
System suitability solution:  0.24 mg/mL of USP Methylparaben RS, 0.03 mg/mL of USP

Propylparaben RS, and 0.01 mg/mL of USP Prednisolone RS prepared as follows. To an
amount of System suitability stock solution equivalent to 40% of the final volume, add
an amount of Internal standard solution equivalent to 10% of the final volume. Dilute
with water to volume.

Standard stock solution:  0.2 mg/mL of USP Dexamethasone RS in Mobile phase
Standard solution:  0.02 mg/mL of USP Dexamethasone RS and 0.01 mg/mL of USP

Prednisolone RS in Mobile phase prepared by diluting suitable volumes of Standard stock
solution and Internal standard solution

Sample solution:  Nominally equivalent to 0.02 mg/mL of dexamethasone from a volume
of Oral Solution and 0.01 mg/mL of USP Prednisolone RS in Mobile phase from the
Internal standard solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.4 mL/min
Injection volume:  10 µL

System suitability 
[Note—The relative retention times for methylparaben, prednisolone, propylparaben, and

dexamethasone are about 0.43, 0.71, 0.88, and 1.0, respectively.]
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between methylparaben and prednisolone; NLT 2.0 between
propylparaben and prednisolone, System suitability solution

Tailing factor:  NMT 2.0 for each peak, System suitability solution and Standard
solution

Relative standard deviation:  NMT 2.0% for the peak height ratio of
dexamethasone to prednisolone, Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the
portion of Oral Solution taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak height ratio of dexamethasone to prednisolone from the Sample solution
RS= peak height ratio of dexamethasone to prednisolone from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS

•  Alcohol Determination, Method II 611  (if present): 27.0%–33.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements for oral solution packaged in
single-unit containers

•  Deliverable Volume 698 : Meets the requirements for oral solution packaged in multiple-
unit containers

SPECIFIC TESTS

•  pH 791 : 2.7–4.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

•  Labeling: Label concentrated Oral Solution to state that the term "Concentrate" is to
appear apart from and immediately after the official title in prominent boldface type. Label
concentrated Oral Solution also to indicate that it is to be diluted to appropriate strength
with a suitable diluent prior to administration unless produced for dispensing with
instructions for administration by a calibrated dropper or syringe.

Change to read:

•  USP Reference Standards 11
USP Dexamethasone RS 
USP Methylparaben RS 

USP Prednisolone RS 
USP Propylparaben RS  

BRIEFING

Dexamethasone Sodium Phosphate, USP 36 page 3179. On the basis of multiple comments
received and as part of USP's modernization initiative, it is proposed to make the following
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changes.

1. Replace the Thin-Layer Chromatography identification test that uses chloroform, a
safety hazard, with the IR test from the current version of the European
Pharmacopoeia.

2. Replace the tests for Limit of Free Dexamethasone and Chromatographic Purity with a
single chromatographic procedure based on the Related substances procedure for
the drug substance in the current edition of the European Pharmacopoeia. The
procedure uses a AkzoNobel Kromasil C8 brand of L7 column. The typical retention
time for dexamethasone phosphate is about 22 min.

3. Replace the Assay with a chromatographic procedure based on the Assay for the drug
substance in the current edition of the European Pharmacopoeia. The procedure
uses a Macherey-Nagel Nucleosil C18 brand of L1 column. The typical retention time
for dexamethasone phosphate is about 8 min.

4. Replace "water-free" with "anhydrous" in the Definition and in the test for Optical
Rotation.

5. Simplify the Standard solution preparation in the test for Limit of Alcohol by using USP
Alcohol Determination–Alcohol RS instead of using specific gravity and the
Alcoholometric Table.

6. Add the additional Reference Standards used in the Assay and in the test for Organic

Impurities to the USP Reference Standards 11  section.
7. Revise monograph format to reflect current USP style.

(SM4: D. Vicchio.)
Correspondence Number—C115556

Comment deadline: September 30, 2013
Dexamethasone Sodium Phosphate

C22H28FNa2O8P       516.40 

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-16-methyl-21-(phosphonooxy)-,

disodium salt, (11 ,16 )-;     

9-Fluoro-11 ,17,21-trihydroxy-16 -methylpregna-1,4-diene-3,20-dione 21-(dihydrogen
phosphate) disodium salt      [2392-39-4].

DEFINITION

Change to read:
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Dexamethasone Sodium Phosphate contains NLT 97.0% and NMT 102.0% of dexamethasone
sodium phosphate (C22H28FNa2O8P), calculated on the water-free
anhydrous

and alcohol-free basis.

IDENTIFICATION

Delete the following:
•  A. Thin Layer Chromatography

Buffer: Mix 3.1 g of boric acid and 500 mL of water in a 1-L volumetric flask, add 21 mL of 1
N sodium hydroxide and 10 mL of 0.1 M magnesium chloride, and dilute with water to
volume.

Alkaline phosphatase solution: Transfer 95 ± 5 mg of alkaline phosphatase enzyme to a
50-mL volumetric flask, dissolve by adding Buffer to volume, and mix . Prepare this
solution fresh daily.

Standard solution: 3 mg/mL of USP Dexamethasone RS in ethyl acetate. Sonication may be
required to ensure dissolution.

Sample solution: To 20 mg of Dexamethasone Sodium Phosphate in a 15-mL centrifuge
tube, add 5.0 mL of Alkaline phosphatase solution, shake vigorously, and allow to stand for
30 min. Add 5.0 mL of ethyl acetate, shake vigorously, centrifuge, and use the upper,
ethyl acetate layer.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, methanol, and water (180:15:1)

Analysis 
Samples: Standard solution and Sample solution

Develop the chromatogram in Developing solvent system, to a distance of three-fourths
of the length of the plate. Air-dry the plate, and observe under short-wavelength UV
light.
Acceptance criteria: The RF value of the principal spot of the Sample solution

corresponds to that of the Standard solution.

Add the following:

•  A. Infrared Absorption 197K : If the spectra obtained in the solid state show
differences, dissolve the substance to be examined and the Reference Standard separately
in a minimum of alcohol, evaporate to dryness on a water bath, and repeat the test on the
residues. 

Delete the following:

•  B. The residue from the ignition of it meets the requirements of the tests for Phosphate 

191  and for Sodium 191 . 
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Add the following:

•  B. Identification Tests—General, Phosphate 191 : The residue from its ignition meets
the requirements. 

Add the following:

•  C. Identification Tests—General, Sodium 191 : The residue from its ignition meets the
requirements. 

ASSAY

Change to read:
•  Procedure

Buffer:  7.0 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
4.00 ± 0.05.

Solution A:  Methanol, water, and Buffer solution (35:35:30)
Solution B:  Methanol and Buffer solution (70:30)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
3.5 90 10
24 60 40
35 5 95
60 5 95

60.1 90 10
65 90 10

Standard solution:  0.92 mg/mL of USP Dexamethasone Phosphate RS in Solution A
Sample solution:  1.0 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L7

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  15 µL

System suitability 
Sample:  Standard solution and Sample solution
Suitability requirements 

Resolution:  NLT 1.0 between dexamethasone phosphate and the nearest impurity
eluting after it, Sample solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution
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Calculate the percentage of dexamethasone sodium phosphate (C22H28FNa2O8P) in the
portion of Dexamethasone Sodium Phosphate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone Phosphate in the Standard solution (mg/mL)
CU= concentration of Dexamethasone Sodium Phosphate the Sample solution (mg/mL)
Mr1= molecular weight of dexamethasone sodium phosphate, 516.40
Mr2= molecular weight of dexamethasone phosphate, 472.44

Acceptance criteria:  97.0%–102.0% on the anhydrous and alcohol-free basis
Mobile phase:  Mix 520 mL of water with 2 mL of phosphoric acid. Bring the temperature

to 20 , and adjust with sodium hydroxide to a pH of 2.6. Mix this solution with 36 mL of
tetrahydrofuran and 364 mL of methanol.
System suitability stock solution:  0.02 mg/mL each of USP Dexamethasone Sodium

Phosphate RS and USP Dexamethasone RS, prepared as follows. Dissolve 2 mg of each
compound in 2 mL of tetrahydrofuran, and dilute with Mobile phase to 100 mL.

System suitability solution:  2 µg/mL each of USP Dexamethasone Sodium Phosphate
RS and USP Dexamethasone RS in Mobile phase from the System suitability stock
solution

Standard solution:  0.06 mg/mL of USP Dexamethasone Sodium Phosphate RS in Mobile
phase

Sample solution:  0.06 mg/mL of Dexamethasone Sodium Phosphate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 7-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL
Run time:  3 times the retention time of the peak due to dexamethasone sodium

phosphate
System suitability 
[Note—The retention time of the peaks due to dexamethasone sodium phosphate and

dexamethasone are 1.0 and 2.0, respectively.]
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 6.0 between the peaks due to dexamethasone sodium phosphate
and dexamethasone, System suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of dexamethasone sodium phosphate (C22H28FNa2O8P) in the
portion of Dexamethasone Sodium Phosphate taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone Sodium Phosphate in the Standard solution

(mg/mL)
CU= concentration of Dexamethasone Sodium Phosphate in the Sample solution (mg/mL)
Acceptance criteria:  97.0%–102.0% on the anhydrous and alcohol-free basis

IMPURITIES

Change to read:
•  Limit of Phosphate Ions

Solution A:  50 mg/mL of ammonium molybdate in 1 N sulfuric acid
Solution B:  Dissolve 350 mg of p-methylaminophenol sulfate in 50 mL of water, add 20 g of

sodium bisulfite, mix to dissolve, and dilute with water to 100 mL.
Standard stock solution:  0.1433 mg/mL of dried monobasic potassium phosphate in water.

This solution contains the equivalent of 0.10 mg/mL of phosphate ion (PO4).
Standard solution:  In a 25-mL volumetric flask, mix 5.0 mL of Standard stock solution, 10

mL of water, and 5 mL of 2 N sulfuric acid. Add 1 mL each of Solution A and Solution B,
dilute with water to volume, and allow to stand at room temperature for 30 min. Prepare
concomitantly with the Sample solution.

Sample solution:  In a 25-mL volumetric flask, dissolve 50 mg of Dexamethasone Sodium
Phosphate in a mixture of 10 mL of water and 5 mL of 2 N sulfuric acid, by warming if
necessary. Add 1 mL each of Solution A and Solution B, dilute with water to volume, and
allow to stand at room temperature for 30 min.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Visible
Analytical wavelength:  730 nm
Cell:  1 cm
Blank:  Water

Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria:  The absorbance of the Sample solution is NMT that of the Standard
solution. The limit is 1.0% of phosphate (PO4).

Change to read:
•  Limit of Alcohol 

Proceed as directed in Alcohol Determination 611 , Method II , except use column
packing S8, and use the following modifications.

Internal standard solution:  Isopropyl alcohol in water (1 in 100)

Standard stock solution:  Alcohol in water (1 in 50). Determine the specific gravity at 25

(see Specific Gravity 841 , and obtain the concentration (mg/mL) of C2H5OH, by
reference to the Alcoholic Table in the section Reference Tables.

Standard solution:  Transfer 4 mL of Standard stock solution

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(4): Jul.-Aug. 2013 283



6 mg/mL of alcohol, prepared as follows. Transfer 4 mL of USP Alcohol Determination–
Alcohol RS

and 5 mL of Internal standard solution to a 10-mL volumetric flask, and dilute with water to
volume.

Sample solution:  50 mg/mL of Dexamethasone Sodium Phosphate prepared as follows. In a
suitable volumetric flask, dissolve Dexamethasone Sodium Phosphate with 50% of the flask
volume of Internal standard solution, and dilute with water to volume.

Injection volume:  2 µL
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of alcohol in the portion of Dexamethasone Sodium Phosphate
taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of alcohol to the internal standard from the Sample solution
RS= peak response ratio of alcohol to the internal standard from the Standard solution
CS= concentration of alcohol in the Standard solution (mg/mL)
CU= concentration of Dexamethasone Sodium Phosphate in the Sample solution (mg/mL)

Acceptance criteria:  NMT 8.0%

Delete the following:
•  Limit of Free Dexamethasone

Solution A: 7.5 mL/L of triethylamine. Adjust by the addition of phosphoric acid to a pH of
5.4.

Mobile phase: Methanol and Solution A (26:74)
Standard stock solution 1: 500 µg/mL USP Dexamethasone Phosphate RS in Mobile phase
Standard stock solution 2: 50 µg/mL of USP Dexamethasone RS in methanol and water

(1:1)
Standard solution: 50 µg/mL of USP Dexamethasone Phosphate RS and 0.5 µg/mL of USP

Dexamethasone RS in Mobile phaseprepared as follows. Transfer 10.0 mL of Standard
stock solution 1 and 1.0 mL of Standard stock solution 2to a100-mL volumetric flask and
dilute with Mobile phase to volume.

Sample solution: 50 µg/mL of Dexamethasone Sodium Phosphate in Mobile phase
System suitability solution: 50 µg/mL of USP Dexamethasone Phosphate RS and 20 µg/mL

of USP Dexamethasone RS in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.5-mm × 25-cm; 5-µm packing L11
Flow rate: 1.2 mL/min
Injection volume: 20 µL

System suitability 
Sample: System suitability solution
Suitability requirements 

Resolution: NLT 1.8 between dexamethasone phosphate and dexamethasone
Column efficiency: NLT 900 theoretical plates
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Tailing factor: NMT 1.6 for the analyte peak
Relative standard deviation: NMT 1.0%

Analysis 
Samples: Standard solution and Sample solution

Calculate the percentage of dexamethasone (C22H29FO5) in the portion of Dexamethasone
Sodium Phosphate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for dexamethasone from the Sample solution
rS= peak response for dexamethasone from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (µg/mL)
CU= concentration of Dexamethasone Sodium Phosphate in the Sample solution (µg/mL)
Acceptance criteria: NMT 1.0%

Delete the following:
•  Chromatographic Purity

Buffer: 7 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of 4.0.
Solution A: Methanol, water, and Buffer (35:35:30)
Solution B: Methanol and Buffer (70:30)
Mobile phase: See Table 2.

Table 2

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 90 10
3.5 90 10
23.5 60 40
34.5 5 95
59.5 5 95
60 90 10

Sample solution: 1 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 1 mL/min

Column temperature: 40
Injection volume: 15 µL

System suitability 
Sample: Sample solution
Suitability requirements 

Resolution: NLT 1.0 between the major peak and the nearest impurity
Relative standard deviation: NMT 4.0%

Analysis 
Sample: Sample solution
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Calculate the percentage of each impurity in the portion of Dexamethasone Sodium
Phosphate taken:

Result = (rI/rT) × 100

rI= peak response for each impurity
rT= sum of the responses of all peaks
Acceptance criteria 

Individual impurity: NMT 1.0%
Total impurities: NMT 2.0%

Add the following:
•  Organic Impurities

Buffer:  7.0 g/L of ammonium acetate in water
Solution A:  Mix 300 mL Buffer and 350 mL of water, adjust with 5 M acetic acid to a pH of

3.8, and then add 350 mL of methanol.
Solution B:  Adjust 300 mL of Buffer with 5 M acetic acid to a pH of 4.0, and then add 700

mL of methanol.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
3.5 90 10
23.5 60 40
34.5 5 95
50 5 95

System suitability solution:  0.02 mg/mL each of USP Dexamethasone Sodium Phosphate
RS and USP Betamethasone Sodium Phosphate RS in Solution A

Standard solution:  1 µg/mL of USP Dexamethasone Sodium Phosphate RS in Solution A
Sample solution:  1 mg/mL of Dexamethasone Sodium Phosphate in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm ×12.5-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between the peaks due to dexamethasone sodium phosphate and
betamethasone sodium phosphate, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 
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Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Dexamethasone Sodium
Phosphate taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of dexamethasone phosphate from the Standard solution
CS= concentration of USP Dexamethasone Sodium Phosphate RS in the Standard solution

(µg/mL)
CU= concentration of Dexamethasone Sodium Phosphate in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard any peak below 0.05%.

Table 2

Compound

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

16(17)a-Homodexamethasone sodium
phosphatea 0.5 1.0 0.2

16(17)a-Homobetamethasone sodium
phosphateb 0.6 1.0 0.2

16(17)a-17R-Homodexamethasone sodium
phosphatec 0.8 1.0 0.2

13(17)a-Homodexamethasone sodium
phosphated 0.92 1.0 0.2

Betamethasone sodium phosphate 0.95 1.0 0.2
Dexamethasone sodium phosphate 1.00 — —
Dexamethasone 1.37 1.2 0.5

Fluoroandrostadiene carboxylic acide 1.41 1.0 0.3
Any other individual unspecified impurity — 1.0 0.10
Total impurities — — 1.0

a 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20-
trione 21-(dihydrogen phosphate) disodium salt.

b 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20-
trione 21-(dihydrogen phosphate) disodium salt.

c 9-Fluoro-11 ,17a,21-trihydroxy-16 -methyl-16(17)a-homopregna-1,4-diene-3,16a,20-
trione 21-(dihydrogen phosphate) disodium salt.

d 9-Fluoro-11 ,17,21-trihydroxy-16 -methyl-13(17)a-homopregna-1,4-diene-3,13a,20-
trione 21-(dihydrogen phosphate) disodium salt.

e 9-Fluoro-11 ,17 -dihydroxy-16 -methylandrosta-1,4-diene-3-one-17 -carboxylic
acid.

SPECIFIC TESTS

Change to read:
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•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in water

Acceptance criteria:  +74  to +82 , calculated on the water-free
anhydrous

and alcohol-free basis

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  7.5–10.5

•  Water Determination, Method I 921 : Determine the water content. The sum of the
percentages of water content and of alcohol content, determined as directed in the test
for Limit of Alcohol, does not exceed 16.0%.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Alcohol Determination–Alcohol RS

USP Betamethasone Sodium Phosphate RS  
USP Dexamethasone RS 
USP Dexamethasone Phosphate RS  

Pregna-1,4-diene-3,20-dione, 9-fluoro-11,17-dihydroxy-16-methyl-21-

(phosphonooxy)-, (11 ,16 ) 
C22H30FO8P      472.44

USP Dexamethasone Sodium Phosphate RS 

BRIEFING

Dextrose Injection, USP 36 page 3201. On the basis of comments received, it is proposed to
revise the monograph as follows:

1. Delete the test for Heavy Metals from the monograph as this test is already performed
in the Dextrose monograph.

2. Include a storage temperature to be consistent with the FDA-approved package insert.
3. Revise the monograph format to reflect the current USP style guide.

(SM4: R. Ravichandran, D. Vicchio.)
Correspondence Number—C131957

Comment deadline: September 30, 2013
Dextrose Injection

DEFINITION

Dextrose Injection is a sterile solution of Dextrose in Water for Injection. It contains NLT 95.0%
and NMT 105.0% of the labeled amount of dextrose (C6H12O6·H2O). Dextrose Injection contains
no antimicrobial agents.
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IDENTIFICATION
•  A.

Sample solution:  Nominally 50 mg/mL of dextrose from a suitable volume of Injection in
water

Analysis:  Add a few drops of the Sample solution to 5 mL of hot alkaline cupric tartrate
TS.

Acceptance criteria:  A copious red precipitate of cuprous oxide is formed.

ASSAY
•  Procedure

Sample solution:  Nominally 20–50 mg/mL of dextrose prepared as follows. Transfer a
volume of Injection containing 2–5 g of dextrose to a 100-mL volumetric flask. Add 0.2 mL
of 6 N ammonium hydroxide, and dilute with water to volume. 

Determine the angular rotation in a suitable polarimeter tube (see Optical Rotation 781
).

Analysis:  Calculate the percentage of the labeled amount of dextrose (C6H12O6·H2O) in
the portion of Injection taken:

Result = [(100 × a)/(l × )] × (1/CU) × (Mr1/Mr2) × 100

a = observed angular rotation of the Sample solution, in degrees
l = length of the polarimeter tube, in decimeters

= midpoint of the specific rotation range for anhydrous dextrose, 52.9

CU= nominal concentration of dextrose in Sample solution, g/100 mL
Mr1= molecular weight of dextrose monohydrate, 198.17
Mr2= molecular weight of anhydrous dextrose, 180.16
Acceptance criteria:  95.0%–105.0%

IMPURITIES

Delete the following:

•  Heavy Metals 231
Sample solution: Transfer a volume of Injection, equivalent to 4.0 g of dextrose, to a

suitable vessel, and adjust the volume to 25 mL by evaporation or addition of water, as
necessary

Acceptance criteria:  NMT 0.0005C% where C is the labeled amount, of dextrose
(C6H12O6·H2O) in g/mL of Injection.

•  Limit of 5-Hydroxymethylfurfural and Related Substances
Sample solution:  Nominally 4 mg/mL of dextrose (C6H12O6·H2O) from a volume of Injection

equivalent to 1.0 g of dextrose in water
Instrumental conditions 

Mode:  UV
Analytical wavelength:  284 nm
Cell:  1 cm
Blank:  Water

Analysis 
Samples:  Sample solution and Blank
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Acceptance criteria:  The absorbance of the Sample solution is NMT 0.25.

SPECIFIC TESTS

•  pH 791
Sample solution:  Dilute a suitable volume of Injection, if necessary, with water to NMT

5% of dextrose.
Analysis:  Add 0.30 mL of saturated potassium chloride to 100 mL of Sample solution, and

measure the pH.
Acceptance criteria:  3.2–6.5

•  Particulate Matter in Injections 788 : Meets the requirements

•  Bacterial Endotoxins Test 85
[Note—Before analysis, dilute Injections containing more than 10% of dextrose to a

concentration of 10% of dextrose.]
Acceptance criteria:  NMT 0.5 USP Endotoxin unit/mL for Injection containing less than 5%

dextrose; NMT 10.0 USP Endotoxin units/g for Injection containing 5%–70% dextrose

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose glass or plastic containers. Glass

containers are preferably of Type I or Type II glass.
Store at room temperature.

•  Labeling: The label states the total osmolar concentration in mOsmol/L. Where the contents
are less than 100 mL, or where the label states that the Injection is not for direct injection
but is to be diluted before use, the label alternatively may state the total osmolar
concentration in mOsmol/mL.

•  USP Reference Standards 11
USP Endotoxin RS

BRIEFING

Enalapril Maleate Compounded Oral Suspension, Veterinary. Because there is no existing
USP monograph for this dosage form, a new monograph is proposed. The liquid
chromatographic procedure in the Assay is based on analyses validated using the Polymer X
RP-1 brand of L21 column. The typical retention time for enalapril maleate is about 14.2 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129892

Comment deadline: September 30, 2013

Add the following:
Enalapril Maleate Compounded Oral Suspension, Veterinary

DEFINITION

Enalapril Maleate Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT
110.0% of the labeled content of enalapril maleate (C20H28N2O5·C4H4O4). 

2S (USP37)

PF 39(4): Jul.-Aug. 2013 290



Prepare Enalapril Maleate Compounded Oral Suspension, Veterinary 10 mg/mL as follows (see

Pharmaceutical Compounding—Nonsterile Preparations 795 ).

Enalapril maleate 1 g

Ora-Blenda, a sufficient quantity to make 100 mL

a  Perrigo, Minneapolis, MN.

Pour the Enalapril maleate powder into a suitable container. Wet the powder with a small
amount of Ora-Blend, and triturate to make a smooth paste. Add the Ora-Blend to make the
mortar contents pourable. Transfer the contents of the mortar stepwise and quantitatively to a
calibrated container using the Ora-Blend. Add sufficient Ora-Blend to bring the preparation to
final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  Dissolve 2.8 g of monobasic sodium phosphate in 1000 mL of water. Adjust with
1 N sodium hydroxide to a pH of 6.8.

Solution B:  Acetonitrile and Solution A (5:95)
Solution C:  Acetonitrile and Solution A (66:34)
Solution D:  Dissolve 2.8 g of monobasic sodium phosphate in 1000 mL of water. Adjust with

phosphoric acid to a pH of 2.5.
Diluent:  Acetonitrile and Solution D (5:95)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 95 5
20 40 60
25 40 60
26 95 5
30 95 5

Standard solution:  1 mg/mL of USP Enalapril Maleate RS in Diluent
Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 1.0 mL of the

Oral Suspension into a 10-mL volumetric flask, dilute with Diluent to volume, and mix well
to dissolve. Pass through a PVDF filter of 0.45-µm pore size, discarding the first 3 mL to
waste.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L21

Column temperature:  60
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
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[Note—The retention time for enalapril maleate is about 14.2 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of enalapril maleate (C20H28N2O5·C4H4O4)
in the portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of enalapril maleate from the Sample solution
rS= peak response of enalapril maleate from the Standard solution
CS= concentration of enalapril maleate in the Standard solution (mg/mL)
CU= nominal concentration of enalapril maleate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 2.6–3.6

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
•  Labeling: Label it to indicate that it is to be shaken vigorously immediately before use, and

to state the Beyond-Use Date. Label it to state that it is for veterinary use only.
•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at controlled cold temperature; NMT 60 days when stored at controlled room temperature

•  USP Reference Standards 11
USP Enalapril Maleate RS 

BRIEFING

Enrofloxacin Compounded Oral Suspension, Veterinary. Because there is no existing USP
monograph for this dosage form or approved manufactured product, the following new
monograph is proposed. A drug substance monograph for Enrofloxacin is official. The liquid
chromatographic procedure in the Assay is based on analysis validated using the
Phenomenex Luna brand of column that contains packing L1. The typical retention time for
enrofloxacin is about 8.9 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C127918

Comment deadline: September 30, 2013

Add the following:
Enrofloxacin Compounded Oral Suspension, Veterinary

DEFINITION

2S (USP37)
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Enrofloxacin Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of
the labeled amount of enrofloxacin (C19H22FN3O3). 
Prepare Enrofloxacin Compounded Oral Suspension, Veterinary 20 mg/mL as follows (see

Pharmaceutical Compounding—Nonsterile Preparations 795 .

Enrofloxacin powder 2 g

Vehicle: a 1:1 mixture of hypromellose 1% solution and Syrpalta,a a sufficient quantity
to make

100
mL

a  Humco, Texarkana, TX.

Prepare a hypromellose 1% solution by heating 25 mL of Purified Water to boiling in a calibrated
beaker, and slowly adding 0.5 g of hypromellose with stirring. When the hypromellose is
completely dispersed, take the beaker off heat, and add cold Purified Water with continuous
stirring until gelled. Add cold Purified Water to bring to a final volume of 50 mL with stirring.
Continue mixing until a clear, homogenous solution results. Place the solution in a refrigerator
overnight to allow for complete hydration. Prepare the Vehicle by mixing equal volumes of the
previously prepared hypromellose 1% solution and the Syrpalta. 
Place the Enrofloxacin powder into a suitable mortar. Wet the powder with a small amount of
Vehicle, and triturate to make a smooth paste. Add sufficient Vehicle to make the mortar
contents pourable. Transfer the contents of the mortar, stepwise and quantitatively, to a
calibrated container using the remainder of the Vehicle. Add sufficient Vehicle to bring to final
volume. Shake to mix well.

ASSAY
•  Procedure

Mobile phase:  Acetonitrile and 50 mM phosphoric acid (15:85). Filter, and degas.
System suitability solution:  Dissolve about 5 mg of USP Enrofloxacin Related Compound

Mixture RS in a 10-mL volumetric flask, dilute with Mobile phase to volume, and mix.
Standard solution:  0.1 mg/mL of enrofloxacin prepared from USP Enrofloxacin RS in Mobile

phase
Sample solution:  Shake thoroughly each bottle of Oral Suspension, Veterinary. Transfer 1

mL of Oral Suspension, Veterinary into a 200-mL volumetric flask, dilute with Mobile phase
to volume, and mix well. Pass through a PVDF filter of 0.45-µm pore size, discarding the
first 3 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 227 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for ciprofloxacin and enrofloxacin are 0.76 and 1.0,

respectively.]
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Suitability requirements 
Resolution:  NLT 2.0 between enrofloxacin and ciprofloxacin, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0% for replicate injections, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of enrofloxacin (C19H22FN3O3) in the
portion of Oral Suspension, Veterinary taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of enrofloxacin from the Sample solution
rS= peak response of enrofloxacin from the Standard solution
CS= concentration of enrofloxacin in the Standard solution (mg/mL)
CU= nominal concentration of enrofloxacin in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 6.0–7.0

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the

Beyond-Use Date. Label it to state that it is for veterinary use only.
•  Beyond-Use Date: NMT 90 days after the date on which it was compounded

•  USP Reference Standards 11
USP Enrofloxacin RS 
USP Enrofloxacin Related Compound Mixture RS

BRIEFING

Felbamate, USP 36 page 3533. On the basis of comments received, the following changes are
proposed:

1. Revise the tests for Organic Impurities, Early Eluting and Organic Impurities, Late
Eluting so that an individual, unspecified impurity is not included more than once in
the limit for Total impurities.

2. Revise the Standard stock solution in the Assay for consistency with the Sample stock
solution.

3. Revise the preparation of the Sample solutions to accommodate the low solubility of the
drug substance.

(SM4: H. Joyce.)
Correspondence Number—C127788

Comment deadline: September 30, 2013
Felbamate
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C11H14N2O4       238.24 

1,3-Propanediol, 2-phenyl-, dicarbamate;     
2-Phenyl-1,3-propanediol dicarbamate     [25451-15-4].

DEFINITION

Felbamate contains NLT 98.0% and NMT 102.0% of felbamate (C11H14N2O4), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, methanol, and water (126:84:790)
Diluent:  Acetonitrile, methanol, and water (222:148:630)
System suitability solution:  0.05 mg/mL of USP Felbamate Related Compound A RS and 0.2

mg/mL of USP Felbamate RS in Mobile phase
Standard stock solution:  1
1.0

mg/mL of USP Felbamate RS prepared as follows. Dissolve a suitable quantity of USP
Felbamate RS in 10% of the volumetric flask volume of methanol. Sonicate and shake to
completely dissolve, and dilute with Diluent.

Standard solution:  0.2 mg/mL of USP Felbamate RS from Standard stock solution in Mobile
phase

Sample stock solution:  1.0 mg/mL of Felbamate prepared as follows. Dissolve a suitable
quantity of Felbamate in 10% of the volumetric flask volume of methanol. Sonicate and
shake to completely dissolve, and dilute with Diluent.

Sample solution:  0.2 mg/mL of Felbamate from Sample stock solution in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.8 mL/min
Injection volume:  20 µL
Run time:  3 times the retention time of felbamate

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of felbamate (C11H14N2O4) in the portion of Felbamate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of felbamate from the Sample solution
rS= peak response of felbamate from the Standard solution
CS= concentration of USP Felbamate RS in the Standard solution (mg/mL)
CU= concentration of Felbamate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Limit of Methylcarbamate

Mobile phase:  Water
Standard solution:  0.1 mg/mL of methylcarbamate in water
Sample solution:  Suspend 1 g of Felbamate in 5 mL of water, and mix on a vortex mixer for

1 min followed by sonication for 5 min. Filter the slurry, and use as the Sample solution.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 200 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
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Relative standard deviation:  NMT 10%
Analysis 

Samples:  Standard solution and Sample solution
Acceptance criteria:  The peak response for methylcarbamate in the Sample solution does

not exceed the peak response for methylcarbamate in the Standard solution (0.05%).

Change to read:
•  Organic Impurities, Early Eluting

Early Eluting Organic Impurities
Mobile phase,

Diluent
Standard stock solution, System suitability solution, and Chromatographic system:

 Proceed as directed in the Assay.
Standard solution:  1 µg/mL of USP Felbamate RS in Mobile phase from Standard stock

solution
Sample solution:  1000 µg/mL of Felbamate in Mobile phase
1.0 mg/mL of Felbamate prepared as follows. Dissolve a suitable quantity of Felbamate in
10% of the volumetric flask volume of methanol. Sonicate and shake to completely dissolve,
and dilute with Diluent.

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between felbamate related compound A and felbamate, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 10%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Identify the impurities using the relative retention times shown in Table 1. Calculate the
percentage of each impurity in the portion of Felbamate taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of felbamate from the Standard solution
CS= concentration of USP Felbamate RS in the Standard solution (µg/mL)
CU= concentration of Felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Phenylpropanediola 0.43 1.7 0.15
Felbamate related compound A 0.65 1.3 0.15
Felbamate 1.0 — —
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N-Aminocarbonyl felbamateb 1.43 0.89 0.15
Felbamate related compound Bc 2.23 — —
Individual unspecified impurity
d —

1.0 0.1

a  2-Phenylpropane-1,3-diol.
b  3-Carbamoyloxy-2-phenylpropyl allophanate.
c  Phenethyl carbamate, which is quantified in the test for Organic Impurities, Late Eluting.
 This impurity is quantified using the test for Late Eluting Organic Impurities.
d Quantify individual unspecified impurities eluting before felbamate related compound B. 

Change to read:
•  Organic Impurities, Late Eluting

Late Eluting Organic Impurities
Mobile phase:  Acetonitrile, methanol, and water (222:148:630)
System suitability solution:  1 µg/mL each of USP Felbamate RS and USP Felbamate

Related Compound B RS in Mobile phase
Standard solution:  1 µg/mL of USP Felbamate RS in Mobile phase
Sample solution:  1000 µg/mL of Felbamate in Mobile phase
1.0 mg/mL of Felbamate prepared as follows. Dissolve a suitable quantity of Felbamate in
10% of the volumetric flask volume of methanol. Sonicate and shake to completely dissolve,
and dilute with Mobile phase.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.8 mL/min
Injection volume:  20 µL
Run time:  10 times the retention time of felbamate

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3 between felbamate and felbamate related compound B, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 10%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Identify the impurities using the relative retention times shown in Table 2. Calculate the
percentage of each impurity in the portion of Felbamate taken:

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

rU= peak response of each impurity from the Sample solution
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rS= peak response of felbamate from the Standard solution
CS= concentration of USP Felbamate RS in the Standard solution (µg/mL)
CU= concentration of Felbamate in the Sample solution (µg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Felbamate 1.0 — —
Felbamate related compound B 1.9 1.29 0.15
Felbamate dimera 9.1 1.0 0.15
Individual unspecified impurity

b —
1.0 0.1

Total impurities
c — —

0.75

a  3,3¢-Carbonylbis(oxy)bis(2-phenylpropane-3,1-diyl) dicarbamate.

b  Quantify individual unspecified impurities eluting after felbamate related compound B.

c  Sum of all impurities from Table 1 and Table 2.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at room temperature.

•  USP Reference Standards 11
USP Felbamate RS
USP Felbamate Related Compound A RS 

3-Hydroxy-2-phenylpropyl carbamate.     
C10H13NO3      195.22

USP Felbamate Related Compound B RS 
Phenethyl carbamate.     
C9H11NO2      165.19

BRIEFING

Flunixin Meglumine, USP 36 page 3612. As part of the USP modernization efforts, it is
proposed to revise the monograph as follows:

1. The limits in the Definition have been changed from “NLT 99.0% and NMT 101.0%” to
“NLT 98.0% and NMT 102.0%”, which is typical for chromatographic procedures.
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2. Replace ultraviolet absorption in Identification test B with a retention time agreement
from the Assay.

3. Replace the titration-based Assay procedure with an HPLC procedure that was validated
using the Waters XTerra RP18 brand of L1 column. The retention time for flunixin is
about 2.2 min.

4. Replace the Organic Impurities TLC procedure with an HPLC procedure that was
validated using the Waters XTerra RP18 brand of L1 column. The retention time for
flunixin is about 2.2 min. The impurities Acceptance criteria are taken from European
Pharmacopoeia 7.0.

5. Delete the nonspecific Melting Range or Temperature test. This test is no longer
necessary because a specific HPLC-based Organic Impurities test is being added.

6. Add the new USP Reference Standards used in the Assay and in the test for Organic

Impurities to the USP Reference Standards 11  section.

(SM3: M. Puderbaugh.)
Correspondence Number—C114618

Comment deadline: September 30, 2013
Flunixin Meglumine

Change to read:

C14H11F3N2O2·C7H17NO5           491.46 

3-Pyridinecarboxylic acid, 2-[[2-methyl-3-(trifluoromethyl)phenyl]amino]-, compd. with 1-
deoxy-1-(methylamino)-d-glucitol (1:1);     
2-( 3, 3, 3-Trifluoro-2,3-xylidino)nicotinic acid compound with 1-deoxy-1-(methylamino)-d-
glucitol (1:1)     
1-Deoxy-1-(methylamino)-D-glucitol 2-{[2-methyl-3-(trifluoromethyl)phenyl]amino}nicotinate

    
[42461-84-7].

DEFINITION

Change to read:

Flunixin Meglumine contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%
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of flunixin meglumine (C14H11F3N2O2·C7H17NO5).

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:

•  B. Ultraviolet Absorption 197U
Solution:  0.03 mg/mL Flunixin Meglumine in 0.1 N sodium hydroxide
Acceptance criteria:  Meets the requirements

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Sample:  175 mg of Flunixin Meglumine
Analysis:  Dissolve the Sample in 50 mL of glacial acetic acid and titrate with 0.1 N

perchloric acid VS determining the endpoint potentiometrically (see Titrimetry 541 ).
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 24.573 mg of flunixin meglumine
(C14H11F3N2O2·C7H17NO5).

Acceptance criteria:  99.0%–101.0%
Mobile phase:  Acetonitrile and water (70:30). Add 0.25 mL of phosphoric acid for each L
prepared.
System suitability solution:  0.1 mg/mL each of USP Flunixin Meglumine RS and USP

Flunixin Related Compound B RS in Mobile phase
Standard solution:  0.3 mg/mL of USP Flunixin Meglumine RS in Mobile phase
Sample solution:  0.3 mg/mL of Flunixin Meglumine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between flunixin related compound B and flunixin meglumine,
System suitability solution

Relative standard deviation:  NMT 0.73, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of flunixin meglumine (C14H11F3N2O2·C7H17NO5) in the portion
of Flunixin Meglumine taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Flunixin Meglumine RS in the Standard solution (mg/mL)
CU= concentration of Flunixin Meglumine in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

Change to read:
•  Organic Impurities

Standard stock solution:  40 mg/mL of USP Flunixin Meglumine RS in methanol
Standard solution A:  0.2 mg/mL of USP Flunixin Meglumine RS in methanol fromStandard

stock solution
Standard solution B:  0.08 mg/mL of USP Flunixin Meglumine RS in methanol fromStandard

stock solution
Sample solution:  40 mg/mL of Flunixin Meglumine in methanol
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Toluene, ethyl acetate, glacial acetic acid, and water

(65:30:10:1)
Analysis 

Samples:  Standard stock solution, Standard solution A, Standard solution B, and Sample
solution

Separately apply the Samples to the plate and allow the spots to dry. Develop the plate
in a paper-lined chamber in Developing solvent until the solvent front has moved three-
fourths of the length of the plate. Remove the plate from the developing chamber, mark
the solvent front, and allow the plate to air-dry. Examine the plate under short-
wavelength UV light. Compare the intensities of any secondary spots of the Sample
solution with the intensity of the principal spot from Standard solution A and from
Standard solution B.

Acceptance criteria:  No individual secondary spot from the Sample solution is more
intense than the principal spot from Standard solution B (0.2%), and the sum of the
intensities of all the secondary spots from the Sample solution does not exceed the
intensity of the principal spot from Standard solution A (0.5%).
Mobile phase, System suitability solution, and Chromatographic system:  Proceed
as directed in the Assay.
Standard solution:  0.01 mg/mL each of USP Flunixin Meglumine RS, USP Flunixin Related

Compound A RS, USP Flunixin Related Compound B RS, and USP Flunixin Related
Compound C RS in Mobile phase
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Sample solution:  5.0 mg/mL of Flunixin Meglumine in Mobile phase
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between flunixin related compound B and flunixin meglumine,
System suitability solution

Relative standard deviation:  NMT 1.0, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of flunixin related compounds A, B, and C in the portion of
Flunixin Meglumine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
CS= concentration of the corresponding related compound in the Standard solution

(mg/mL)
CU= concentration of Flunixin Meglumine in the Sample solution (mg/mL)

Calculate the percentage of flunixin ethyl ester and any other individual impurity in the
portion of Flunixin Meglumine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each individual impurity from the Sample solution
rS= peak response of flunixin from the Standard solution
CS= concentration of USP Flunixin Meglumine RS in the Standard solution (mg/mL)
CU= concentration of Flunixin Meglumine in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. The reporting level for impurities is 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria

NMT (%)

Flunixin related compound Aa 0.5 0.2
Flunixin related compound Cb 0.7 0.2
Flunixin related compound Bc 0.8 0.2
Flunixin 1.0 —
Flunixin ethyl esterd 4.3 0.2
Any other individual impurity — 0.2
Total impurities — 0.5

a  Chloronicotinic acid; 2-chloronicotinic acid.
b  Ethyl chloronicotinate; ethyl 2-chloronicotinate.
c  Trifluoromethyl toluidine; 2-methyl-3-(trifluoromethyl)aniline.
d  Ethyl 2-{[2-methyl-3-(trifluoromethyl)phenyl]amino}nicotinate.
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SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 137 –140  

•  pH 791
Sample solution:  50 mg/mL in water
Acceptance criteria:  7.0–9.0

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

•  Optical Rotation, Specific Rotation 781S
Sample solution:  120 mg/mL in water

Acceptance criteria:  9  to 12

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in well-closed containers. Store at 25 , excursions

permitted between 15  and 30 .
•  Labeling: Label it to indicate that it is for veterinary use only.

Change to read:

•  USP Reference Standards 11
USP Flunixin Meglumine RS 
USP Flunixin Related Compound A RS 

Chloronicotinic acid; 
2-Chloronicotinic acid. 
C6H4ClNO2      157.55

USP Flunixin Related Compound B RS 
Trifluoromethyl toluidine; 
2-Methyl-3-(trifluoromethyl)aniline. 
C8H8F3N      175.15

USP Flunixin Related Compound C RS 
Ethyl chloronicotinate; 
Ethyl 2-chloronicotinate. 
C8H8ClNO2      185.61

BRIEFING

Fluorodopa F 18 Injection, USP 36 page 3624. The monograph for this article was
developed to support an investigational new drug (IND) and research uses before the existence
of PET GMP standards (21 CFR 212). The current FDA guidance requires that PET drugs
intended for clinical use be produced according to an approved NDA/ANDA. This applies to
commercially distributed PET drugs, as well as to those prepared at medical institutions for
internal use. Under the present PET GMP guidance, this article is a nonapproved PET drug. More
details on this topic may be found at J. Nucl. Med., 2013; 54:472–475. Hence, it is proposed to
omit this monograph from the USP–NF. When this article gains FDA approval, the monograph

2S (USP37)

2S (USP37)

2S (USP37)
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could be reintroduced into the USP–NF via the Pharmacopeial Forum process with the FDA-
approved test procedures and acceptance criteria. Interested parties are encouraged to submit
their comments on or before September 30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128885

Comment deadline: September 30, 2013

Delete the following:

Fluorodopa F 18 Injection

» Fluorodopa F 18 Injection is a sterile aqueous solution, suitable for

intravenous administration of 6-[18F]fluorolevodopa in which a portion of the

molecules are labeled with radioactive 18F (see Positron Emission

Tomography Drugs for Compounding, Investigational, and Research Uses 

823 ). It contains not less than 90.0 percent and not more than 110.0

percent of the labeled amount of 18F expressed in MBq (or mCi) per mL at
the time indicated in the labeling. It may contain suitable preservatives
and/or stabilizing agents.

Specific activity—

Mobile phase, Standard solution, Test solution, and Chromatographic system— Proceed as
directed in the test for Radiochemical purity.

Procedure— Separately inject equal volumes (about 50 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the responses
for the major peaks. Calculate the concentration of l-fluorodopa found, in mg per mL, in the
Injection by the formula:

C(rU / rS)

in which C is the concentration of the Standard solution; and rU and rS are the peak responses
of the Test solution and the Standard solution, respectively. Determine the concentration of
fluorodopa F 18, in mCi per mL, as directed in the Assay for radioactivity. Calculate the Specific
activity by dividing the result from the Assay (in mCi per mL) by the concentration (in mg per
mL): it is not less than 0.463 mCi per mg of l-fluorodopa (3.7 × 103 MBq [100 mCi] per mmol).

Packaging and storage—Preserve in single-dose or multiple-dose containers that are
adequately shielded.

Labeling—Label it to include the following, in addition to the information specified for Labeling

under Injections 1 : the time and date of calibration; the amount of 18F as fluorodopa
expressed as total MBq (or mCi) per mL, at time of calibration; the expiration time and date;
the name and quantity of any added preservative or stabilizer; and the statement “Caution—
Radioactive Material”. The labeling indicates that in making dosage calculations, correction is to
be made for radioactive decay. The radioactive half-life of 18F is 109.7 minutes. The label also
includes the statement “Do not use if cloudy or if it contains particulate matter.”
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USP Reference standards 11 —
USP Endotoxin RS
USP l-Fluorodopa RS

Radionuclidic identification (see Radioactivity 821 )—

A: Its half-life, determined using a suitable detector system, is between 105 and 115 minutes.

B: Radiochemical identity—The retention time of the major peak in the chromatogram of the
Test solution corresponds to that in the chromatogram of the Standard solution, as obtained in
the test for Radiochemical purity.

Bacterial endotoxins 85 : not more than 175/V USP Endotoxin Unit per mL of Injection, in
which V is the maximum administered total dose, in mL, at the expiration time.

pH 791 : between 4.0 and 5.5.

Radiochemical purity—

Mobile phase— Prepare a filtered and degassed mixture of 0.1% acetic acid and methanol
(97:3).

Standard solution— Dissolve an accurately weighed quantity of USP l-Fluorodopa RS in 10 mmol
of pH 4.5 sodium acetate buffer, and dilute quantitatively, and stepwise if necessary, with the
same buffer to obtain a solution having a known concentration of about 0.1 mg per mL.

Test solution— Use the Injection diluted with water such that it provides a count rate of about
5 × 105 counts per minute.

Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 4.6-mm × 30-cm column that contains packing L1, a radioactivity detector,
and a variable wavelength UV detector operating in the range of 260 to 290 nm. The flow rate
is about 0.8 mL per minute. Chromatograph the Test solution, and record the peak responses
as directed for Procedure: the relative standard deviation for replicate injections is not more
than 2.0%.

Procedure— Prepare a mixture of the Test solution and the Standard solution and inject about
50 µL into the chromatograph, record the chromatograms, and measure the areas for both the
radioactive and nonradioactive peaks. The ratio and injected volume may be adjusted to obtain
suitable detection system sensitivity. The radioactivity of the major peak is not less than 90%
of the total radioactivity measured, and no individual radiochemical impurity is more than 2%.
The retention time of the major peak in the chromatogram of the Test solution corresponds to
that in the chromatogram of the Standard solution. [Note—The typical retention time for
fluorodopa is about 6 minutes. Retention times are very sensitive to the pH of the solvent.]

Radionuclidic purity—Using a suitable gamma-ray spectrometer (see Selection of a Counting

Assembly under Radioactivity 821 ), count an appropriate aliquot of Injection for a period of
time sufficient to obtain a gamma spectrum. The resultant gamma spectrum should be analyzed
for the presence of identifiable photopeaks which are not characteristic of F 18 emissions. Not
less than 99.5% of the gamma emissions should correspond to the 0.511 MeV, 1.022 MeV, or
Compton scatter peaks of F 18, with no individual impurity peaks present above 0.1%.
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Chemical purity—The methods and limits described in this section relate to potential impurities
associated with commonly used methods of synthesis for Fluorodopa F 18 Injection. If methods
of synthesis are used that may result in different impurities, the presence of unlabeled
ingredients, reagents, and by-products specific to the process must be controlled and then
potential for physiological or pharmacological effects must be considered.

limit of organotin (to be determined if tin-containing starting materials or reagents are used in
the synthesis)—

Mobile phase— Prepare a filtered and degassed 5 µmol solution of morin in a mixture of toluene,
acetic acid, methanol, and acetonitrile (91:5:2:2).

Standard solution— Prepare a mixture of 10 mmol each of dimethyltin dibromide and trimethyltin
bromide in alcohol.

Test solution— Use the Injection.

Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a fluorescence detector (excitation at 420 nm and detection at 500 nm) and a
4.6-mm × 25-cm column that contains packing L32. The flow rate is about 1 mL per minute.

Procedure— Separately inject equal volumes (about 50 µL) of the Standard solution and the
Test solution into the chromatograph, record the chromatograms, and measure the peak
responses. The volume of Injection in the Standard solution and the Test solution may be
adjusted to obtain suitable detection system sensitivity. Calculate the concentration, in µg per
mL, of dimethyltin and trimethyltin in the portion of Injection taken by the formula:

C(rU / rS)

in which C is the concentration, in µg per mL, of the relevant organotin compound in the
Standard solution; and rU and rS are the peak responses obtained from the Test solution and
the Standard solution, respectively: not more than 0.5 µg per mL of dimethyltin and trimethyltin
is found.

limit of mercury (to be determined if mercury-containing starting materials or reagents are used
in the synthesis)— [Caution—Because of the toxic nature of mercury vapor, great care must
be taken to avoid inhaling it. A bypass has been included in the system, therefore, either to
vent the mercury vapor into an exhaust hood or to pass the vapor through some absorbing
media such as a solution containing equal volumes of 0.1 M potassium permanganate and dilute
sulfuric acid (1 in 10).]

Apparatus— Use a flameless atomic absorption spectrophotometer for measuring radiation at
253.7 nm emitted by mercury vapor.

Stannous chloride suspension— Add 25 g of stannous chloride to 250 mL of 0.5 N sulfuric acid.
This mixture is a suspension and is to be stirred continuously during use.

Sodium chloride–hydroxylamine hydrochloride solution— Dissolve 12 g of sodium chloride and 12
g of hydroxylamine hydrochloride in water, dilute with water to 100 mL, and mix.

Mercury stock solution— Dissolve 135.4 mg of mercuric chloride, accurately weighed, in 75 mL
of water. Add 10 mL of nitric acid, dilute with water to 100.0 mL, and mix. Each mL of this
solution contains 1 mg of mercury.
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Mercury standard solution— Before using, make successive dilutions of the Mercury stock
solution with water to obtain a Mercury standard solution containing 0.1 µg per mL.

Calibration— To six 300-mL glass-stoppered bottles, transfer, respectively, 0-, 0.5-, 1.0-, 2.0-,
5.0-, and 10.0-mL aliquots of the Mercury standard solution containing 0 µg to 1.0 µg of
mercury. To each bottle add water to make 100 mL, mix, and add 5 mL of sulfuric acid and 2.5
mL of nitric acid. Add 15 mL of potassium permanganate solution (1 in 20). Allow to stand for
15 minutes. Add 8 mL of potassium persulfate solution (1 in 20), and heat in a water bath at 95

 for 2 hours. Cool, and add 6 mL of Sodium chloride–hydroxylamine hydrochloride solution to
reduce the excess permanganate. When the solution has been decolorized, wait for 30 seconds
and add 5 mL of Stannous chloride suspension. Immediately attach the flask to the aeration
apparatus to form a closed system. Allow the sample to stand without manual agitation. The
circulating pump, previously adjusted to a rate of 1 L per minute, is allowed to run
continuously. The absorbance will increase and reach a maximum within 30 seconds. As soon as
the recorder pen levels off, in about 1 minute, open the bypass valve and continue the aeration
until the absorbance returns to its minimum value. Close the bypass valve, remove the stopper
and frit from the bottle, and continue the aeration. Plot a standard curve of the peak height
versus micrograms of mercury.

Test preparation— Transfer 1.0 mL of Injection to a 300-mL glass-stoppered bottle, and
proceed as directed under Calibration, beginning with “To each bottle add water”. Measure the
absorbance of the solution, and determine the quantity, in µg, of mercury in the Test
preparation from the standard curve: not more than 0.5 µg is found.

Enantiomeric purity—

Mobile phase— Prepare a filtered and degassed mixture of 100 mmol of monobasic potassium
phosphate and 2 mmol of cupric sulfate (1:1). Adjust to a pH of 4.6. Make adjustments if

necessary (see System Suitability under Chromatography 621 ).

Standard solution— Use the Standard solution as directed under Radiochemical purity.

Test solution— Use the Injection.

Chromatographic system (see Chromatography 621 )— The liquid chromatograph as
directed under Radiochemical purity is equipped with a 4.6-mm × 25-cm column that contains
packing L32. The flow rate is about 1 mL per minute. Chromatograph the Standard solution, and
record the peak responses as directed for Procedure: the capacity factors, k¢ , for the d- and
l-isomers are not less than 2.1 and 7.3, respectively.

Procedure— Prepare a mixture of the Test solution and the Standard solution, and inject about
50 µL into the chromatograph, record the chromatograms, and measure the areas for both the
radioactive and nonradioactive peaks. The ratio and injected volume may be adjusted to obtain
suitable detection system sensitivity. The radioactivity of the l-isomer is not less than 95%.

Other requirements—It meets the requirements under Injections 1 , except that the

Injection may be distributed or dispensed prior to completion of the test for Sterility 71 ; the
latter being started within 24 hours of final manufacture, and except that it is not subject to
the recommendation on Container Content.
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Assay for radioactivity—Using a suitable calibrated system as directed under Radioactivity 

821 , determine the radioactivity, in MBq (or mCi) per mL, of Injection.

BRIEFING

Gabapentin, USP 36 page 3690. Based upon comments received, it is proposed to revise the
monograph by replacing the relative standard deviation requirement for gabapentin with a
requirement for gabapentin related compound E in the test for Early-Eluting Impurities.

Additionally, the monograph has been updated to be consistent with current USP style such as
removing the redundant chemical names from Table 1.

(SM4: H. Joyce.)
Correspondence Number—C131562

Comment deadline: September 30, 2013
Gabapentin

C9H17NO2       171.24 

Cyclohexaneacetic acid, 1-(aminomethyl)-;     
1-(Aminomethyl)cyclohexaneacetic acid     [60142-96-3].

DEFINITION

Gabapentin contains NLT 98.0% and NMT 102.0% of gabapentin (C9H17NO2), calculated on the
anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluent:  2.32 g/L of monobasic ammonium phosphate in water. Adjust with phosphoric acid
to a pH of 2.0.

Buffer:  0.58 g/L of monobasic ammonium phosphate and 1.83 g/L of sodium perchlorate in
water. Adjust with perchloric acid to a pH of 1.8.

Mobile phase:  Acetonitrile and Buffer (24:76)

2S (USP37)
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Standard solution:  14.0 mg/mL of USP Gabapentin RS in Diluent
System suitability solution:  2.3 mg/mL of USP Gabapentin RS from the Standard solution

in Diluent
Sample solution:  14 mg/mL of Gabapentin in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Column efficiency:  NLT 1900 theoretical plates for the gabapentin peak, System
suitability solution

Relative standard deviation:  NMT 2.0% for the gabapentin peak, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of gabapentin (C9H17NO2) in the portion of Gabapentin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Gabapentin RS in the Standard solution (mg/mL)
CU= concentration of Gabapentin in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Early-Eluting Impurities

Diluent, Buffer, and Mobile phase:  Prepare as directed in the Assay.
Impurities solution:  1.4 mg/mL of USP Gabapentin Related Compound A RS and 0.84

mg/mL of USP Gabapentin Related Compound B RS in methanol
System suitability solution:  Dissolve a suitable quantity of USP Gabapentin RS in Diluent

in a suitable volumetric flask, and add an appropriate volume of Impurities solution to
obtain a solution containing 14.0 mg/mL of USP Gabapentin RS, 14 µg/mL of USP
Gabapentin Related Compound A RS, and 8.4 µg/mL of USP Gabapentin Related Compound
B RS in Diluent.

Standard solution:  8.4 µg/mL of USP Gabapentin Related Compound E RS in Diluent
Sample solution:  14 mg/mL of Gabapentin in Diluent
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution
and Standard solution

Suitability requirements 
Resolution:  NLT 2.3 between gabapentin related compound A and gabapentin related

compound B,
System suitability solution

Relative standard deviation:  NMT 2.0% for gabapentin, System suitability solution
 NMT 5.0% for gabapentin related compound E, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any impurity in the portion of Gabapentin taken:

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

rU= peak area of any impurity from the Sample solution
rS= peak area of gabapentin related compound E from the Standard solution
CS= concentration of USP Gabapentin Related Compound E RS in the Standard solution

(mg/mL)
CU= concentration of Gabapentin in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Timea

Relative
Response
Factorb

Acceptance
Criteria,
NMT (%)

Gabapentin 1.0 — —
Gabapentin related compound E 2.9 1.0 0.10
Gabapentin related compound A 3.5 5.3 0.1
Gabapentin related compound B 3.8 0.35 0.06
Any other individual, unidentified impurity — 0.41 0.10

a  The relative retention times are calculated based on the retention time of gabapentin.
b  The relative response factors are calculated based on the response of gabapentin

related compound E due to the low absorptivity of gabapentin at the monitoring
wavelength (215 nm).

•  Late-Eluting Impurities
Diluent and Buffer:  Prepare as directed in the Assay.

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(4): Jul.-Aug. 2013 311



Mobile phase:  Acetonitrile, methanol, and Buffer (35:30:35)
Standard solution:  2.8 µg/mL of USP Gabapentin Related Compound D RS in Diluent.

Initially dissolve the USP Gabapentin Related Compound D RS in a small amount of
methanol, then dilute with Diluent.

Sample solution:  14 mg/mL of Gabapentin in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 13,600 theoretical plates
Relative standard deviation:  NMT 7.0%

Analysis 
Samples:  Standard solution and Sample solution
[Note—Disregard peaks with a relative retention time of NMT 0.35, relative to gabapentin

related compound D.]

Calculate the percentage of any impurity in the portion of Gabapentin taken:

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

rU= peak area of any impurity from the Sample solution
rS= peak area of gabapentin related compound D from the Standard solution
CS= concentration of USP Gabapentin Related Compound D RS in the Standard solution

(mg/mL)
CU= concentration of Gabapentin in the Sample solution (mg/mL)
F= relative response factor: gabapentin related compound D, 1; all other impurities, 0.025
Acceptance criteria 

Individual impurities:  NMT 0.10%
Total impurities:  NMT 0.5% (including impurities found in Early-Eluting Impurities)

SPECIFIC TESTS

•  pH 791
Sample solution:  20 mg/mL in water
Acceptance criteria:  6.5–8.0

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers. Store at room temperature.

•  USP Reference Standards 11
USP Gabapentin RS 
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USP Gabapentin Related Compound A RS  
2-Aza-spiro[4.5]decan-3-one.     
C9H15NO       153.22

USP Gabapentin Related Compound B RS 
(1-Cyano-cyclohexyl)-acetic acid.     
C9H13NO2      167.21

USP Gabapentin Related Compound D RS 
(1-(3-Oxo-2-aza-spiro[4.5]dec-2-ylmethyl)-cyclohexyl)-acetic acid.     
C18H29NO3       307.43

USP Gabapentin Related Compound E RS 
Carboxymethyl-cyclohexanecarboxylic acid.     
C9H14O4      186.21

BRIEFING

Ibutilide Fumarate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on the validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the Assay and in the test for Organic Impurities are based
on analyses performed with the Inertsil ODS 3V, 5-µm brand of L1 column. The typical
retention times for ibutilide and fumaric acid are about 10 and 3 min, respectively, for the
conditions specified in the Assay; and about 9 and 3 min, respectively, for the conditions
specified in the test for Organic Impurities.

(SM2: S. Ramakrishna.)
Correspondence Number—C93165

Comment deadline: September 30, 2013

Add the following:
Ibutilide Fumarate

(C20H36N2O3S)2·C4H4O4       885.23 

Methanesulfonamide, N-[4-[4-(ethylheptylamino)-1-hydroxybutyl]phenyl]-, (±)-, (E)-2-
butenedioate (2:1) (salt);     
(±)-4¢-[4-(Ethylheptylamino)-1-hydroxybutyl]methanesulfonanilide fumarate (2:1) (salt)    
[122647-32-9].
Ibutilide free base     [122647-31-8].

DEFINITION

Ibutilide Fumarate contains NLT 98.0% and NMT 102.0% of ibutilide fumarate
[(C20H36N2O3S)2·C4H4O4], calculated on the anhydrous basis.
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IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  2 mL/L of triethylamine in water. Adjust with perchloric acid to a pH of 2.5.
Mobile phase:  Acetonitrile and Solution A (40:60)
Standard solution:  0.2 mg/mL of USP Ibutilide Fumarate RS in Mobile phase. [Note

—Sonication may be necessary for complete dissolution.]
Sample solution:  0.2 mg/mL of Ibutilide Fumarate in Mobile phase. [Note—Sonication may

be necessary for complete dissolution.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 227 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  NLT 3 times the retention time of the ibutilide peak

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of ibutilide fumarate [(C20H36N2O3S)2·C4H4O4] in the portion of
Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of ibutilide from the Sample solution
rS= peak response of ibutilide from the Standard solution
CS= concentration of USP Ibutilide Fumarate RS in the Standard solution (mg/mL)
CU= concentration of Ibutilide Fumarate in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.20%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Content of Fumaric Acid

Solution A, Mobile phase, and Sample solution:  Proceed as directed in the Assay.
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Chromatographic system:  Proceed as directed in the Assay, except use a UV detector at
207 nm.

Standard stock solution:  0.2 mg/mL of USP Fumaric Acid RS in Mobile phase. [Note
—Sonication may be necessary for complete dissolution.]

Standard solution:  0.02 mg/mL of USP Fumaric Acid RS in Mobile phase
System suitability 

Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of fumaric acid content in the portion of Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of fumaric acid from the Sample solution
rS= peak response of fumaric acid from the Standard solution
CS= concentration of USP Fumaric Acid RS in the Standard solution (mg/mL)
CU= concentration of Ibutilide Fumarate in the Sample solution (mg/mL)
Acceptance criteria:  12.7%–13.5%

•  Organic Impurities
Solution A:  2 mL/L of triethylamine in water. Adjust with perchloric acid to a pH of 2.5.
Solution B:  Acetonitrile
Diluent:  Acetonitrile and Solution A (40:60)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 60 40
15 60 40
30 30 70
40 30 70
50 60 40
55 60 40

Standard solution:  2 µg/mL of USP Ibutilide Fumarate RS and 3 µg/mL each of USP
Ibutilide Related Compound A RS and USP Ibutilide Related Compound B RS in Diluent

Sample solution:  2 mg/mL of Ibutilide Fumarate in Diluent
Chromatographic system:  Proceed as directed in the Assay, except use a run time of

NLT 2.5 times the retention time of ibutilide for the Standard solution and NLT 6.2 times
the retention time of ibutilide for the Sample solution.

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5000 theoretical plates for the ibutilide peak
Relative standard deviation:  NMT 3.0% for the ibutilide peak
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of ibutilide related compound A, ibutilide related compound B,
and any unspecified impurity in the portion of Ibutilide Fumarate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of ibutilide related compound A, ibutilide related compound B, or any
other unspecified impurity from the Sample solution

rS= peak response of ibutilide related compound A, ibutilide related compound B, or ibutilide
(for calculating any other unspecified impurity) from the Standard solution

CS= concentration of USP Ibutilide Related Compound A RS, USP Ibutilide Related Compound
B RS, or USP Ibutilide Fumarate RS (for calculating any unspecified impurity) in the
Standard solution (mg/mL)

CU= concentration of Ibutilide Fumarate in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2. Disregard the fumaric acid peak and any peak less than

0.01%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Fumaric acida 0.33 —
Ibutilide 1.00 —

Ibutilide related compound Bb 2.66 0.15

Ibutilide related compound Ac 3.38 0.15
Any unspecified impurity — 0.10
Total impurities — 0.35

a  This impurity is controlled in the test for Content of Fumaric Acid.
b  N-Ethyl-N-heptyl-4-hydroxy-4-[4-(methylsulfonamido)phenyl]butanamide.

c  N-Ethyl-N-heptyl-4-[4-(methylsulfonamido)phenyl]-4-oxobutanamide.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in air-tight containers, and protect from light. Store at

controlled room temperature.

•  USP Reference Standards 11
USP Fumaric Acid RS 
USP Ibutilide Fumarate RS
USP Ibutilide Related Compound A RS 

N-Ethyl-N-heptyl-4-[4-(methylsulfonamido)phenyl]-4-oxobutanamide.     
C20H32N2O4S       396.54

USP Ibutilide Related Compound B RS 
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N-Ethyl-N-heptyl-4-hydroxy-4-[4-(methylsulfonamido)phenyl]butanamide.     
C20H34N2O4S       398.56

BRIEFING

Insulin Glargine. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods is being proposed. The liquid chromatographic
procedure in the test for Peptide Mapping is based on analyses performed with the Merck
Superspher 100 RP-18e brand of L1 column. The liquid chromatographic procedure in the
Assay and the test for Related Compounds is based on analyses performed with the Merck
Superspher 100 RP-18e brand of L1 column. The retention time for the insulin glargine peak
is 18–23 min. The liquid chromatographic procedure in the test for Limit of High Molecular
Weight Proteins is based on analyses performed with the Shodex Protein KW 802.5 brand of
L20 column.

(BIO1: E. Chang.)
Correspondence Number—C118724

Comment deadline: September 30, 2013

Add the following:
Insulin Glargine

C267H404N72O78S6       6062.89 

Insulin (human), 21A-glycine-30Ba-l-arginine-30Bb-l-arginine     [160337-95-1].

DEFINITION

Insulin Glargine is a two-chain peptide containing 53 amino acids. The A-chain is composed of
21 amino acids, and the B-chain is composed of 32 amino acids. It is identical to the primary
structure of Human Insulin except for position A21 which has Gly rather than Asn as in Human
Insulin and two additional amino acids at the C terminal of the B-chain Arg (B31) and Arg (B32).
Insulin Glargine is produced by microbial synthesis via recombinant DNA process. Residual host
cell protein (HCP) content is determined by a validated method and is NMT 10 ppm (ng HCP per
mg of Insulin Glargine). Insulin Glargine contains NLT 94.0% and NMT 105.0% of insulin glargine
(C267H404N72O78S6), calculated on the anhydrous basis.
[Note—One USP Insulin Glargine Unit is equivalent to 0.0364 mg of pure Insulin Glargine.]

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.
•  B. Peptide Mapping

Phosphate/perchlorate buffer:  Dissolve 11.6 g of phosphoric acid and 42.1 g of sodium

2S (USP37)
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perchlorate in 1600 mL of water. Adjust with triethylamine to a pH of 2.3, and dilute with
water to a final volume of 2000 mL.

Solution A:  Prepare a filtered and degassed mixture of acetonitrile and
Phosphate/perchlorate buffer (7:93).

Solution B:  Prepare a filtered and degassed mixture of acetonitrile and
Phosphate/perchlorate buffer (57:43).

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
30 20 80
35 20 80
36 90 10

Tris buffer solution:  Dissolve 12.11 g of tris(hydroxymethyl)aminomethane in 90 mL of
water. Adjust with hydrochloric acid to a pH of 7.5, and dilute with water to a final volume
of 100 mL.

Enzyme solution:  Prepare a solution of Staphylococcus aureus V-8 protease in Tris buffer
solution having an activity of 20 Units/mL.

Standard solution:  Transfer to a vial 35 µL of the Standard solution from the Assay. To
this vial, add 1.0 mL of Tris buffer solution and 100 µL of Enzyme solution, and incubate

at 45  for 2–3 h. Quench the digestion by adding 2 µL of phosphoric acid.
Sample solution:  Transfer to a vial 35 µL of the Sample solution from the Assay. To this

vial, add 1.0 mL of Tris buffer solution and 100 µL of Enzyme solution, and incubate at 45

 for 2–3 h. Quench the digestion by adding 2 µL of phosphoric acid.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  3.0-mm × 12.5-cm; 4-µm packing L1

Column temperature:  35
Flow rate:  0.6 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements:  In the chromatogram from the Standard solution, identify the

peaks due to digest fragments I, II, III, and IV. The chromatogram of the Standard
solution corresponds to that of the typical chromatogram provided with USP Insulin
Glargine RS.
Resolution:  NLT 3.4 between the peaks indicated as fragments II and III
Tailing factor:  NMT 1.5 for the peaks indicated as fragments II and III

Analysis 
Samples:  Standard solution and Sample solution

Run a blank, and record the chromatograms.
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Acceptance criteria:  The chromatographic profile of the Sample solution corresponds to
that of the Standard solution. All four fragments, I, II, III, and IV must be present.

ASSAY
•  Procedure

Buffer:  Dissolve 20.7 g of anhydrous monobasic sodium phosphate in 900 mL of water,
adjust with phosphoric acid to a pH of 2.5, and dilute with water to a final volume of 1000
mL.

Solution A:  Dissolve 18.4 g of sodium chloride in 250 mL of Buffer, add 250 mL of
acetonitrile, and mix. Dilute the solution with water to a final volume of 1000 mL.

Solution B:  Dissolve 3.2 g of sodium chloride in 250 mL of Buffer, add 650 mL of
acetonitrile, and mix. Dilute the solution with water to a final volume of 1000 mL.

Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 96 4
20 83 17
30 63 37
33 96 4

[Note—Adjust the Mobile phase composition and the gradient by a parallel shift to obtain a
retention time of 18–23 min for the insulin glargine main peak.]

System suitability solution:  Dissolve the contents of a vial of USP Insulin Glargine for
Peak Identification RS in 0.3 mL of 0.01 N hydrochloric acid, and add 1.7 mL of water.

Standard solution:  Dissolve the contents of one vial of USP Insulin Glargine RS in 1.5 mL
of 0.01 N hydrochloric acid, transfer the solution to a 10-mL volumetric flask, and dilute
with water to volume.

Sample solution:  Dissolve 15 mg of Insulin Glargine in 1.5 mL of 0.01 N hydrochloric acid,
and dilute with water to a final volume of 10 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  3.0-mm × 25.0-cm; 4-µm packing L1

Column temperature:  35
Flow rate:  0.6 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 for the ratio of the height of the A-0 Arg-insulin glargine peak to
the height of the valley between the A-0 Arg-insulin glargine peak and the insulin
glargine peak, System suitability solution

Tailing factor:  NMT 1.8 for the insulin glargine peak, System suitability solution
Relative standard deviation:  NMT 2.0% for six replicate injections, Standard solution

Analysis 
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Samples:  Standard solution and Sample solution

Calculate the potency, in percent, of insulin glargine (C267H404N72O78S6) in the portion of
Insulin Glargine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of insulin glargine from the Sample solution
rS= peak response of insulin glargine from the Standard solution
CS= concentration of USP Insulin Glargine RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (corrected for the water content) (mg/mL)
Acceptance criteria:  94.0%–105.0% on the anhydrous basis

OTHER COMPONENTS
•  Zinc Determination

Standard stock solution:  10 µg/mL of zinc in 0.01 N hydrochloric acid, from a commercially
available zinc standard solution for atomic absorption

Standard solutions:  0.2, 0.4, and 0.6 µg/mL of zinc from the Standard stock solution
diluted with 0.01 N hydrochloric acid

Sample solution:  Dissolve 45 mg of Insulin Glargine, accurately weighed, in 50 mL of 0.01
N hydrochloric acid. Dilute 10 mL of the solution with 0.01 N hydrochloric acid to a final
volume of 100 mL.

Blank solution:  0.01 N hydrochloric acid
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  Zinc absorption line at 213.9 nm
Flame:  Air–acetylene flame of suitable composition (for example 11 L of air and 2 L of

acetylene per min)
Lamp:  Suitable radiation source such as zinc hollow-cathode or electrodeless-discharge-

lamp (EDL)
System suitability 

Sample:  Standard solutions and Blank solution

Using the Standard solutions and Blank solution, construct a calibration curve by plotting
the absorbances of the Standard solutions versus their concentrations, and draw the
straight line best fitting the three plotted points.
Suitability requirements 

Correlation coefficient:  NLT 0.999
Analysis 

Samples:  Standard solutions, Sample solution, and Blank solution

Determine the concentration, C, in µg/mL of zinc in the Sample solution using the
calibration curve. 
Calculate the percentage of zinc in the portion of Insulin Glargine taken:

Result = [C × F1 × V × (F2/W)] × 100

C= concentration of zinc in the Sample solution (µg/mL)
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F1= conversion factor from µg/mL to mg/mL, 0.001
V= volume of the Sample solution, 100 mL
F2= sampling factor, 5
W= weight of Insulin Glargine taken (mg)
Acceptance criteria:  NMT 0.80%

IMPURITIES
•  Related Compounds

Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each individual insulin related compound (%ix) in the portion
of Insulin Glargine taken:

Result = (ri/rT) × 100

ri= peak response of the insulin related compound
rT= sum of the responses for all of the peaks

Calculate the total percentage of insulin related compounds in the portion of Insulin
Glargine taken:

Result = S%ix

Acceptance criteria:  NMT 0.4% of any individual insulin glargine related compound; NMT
1.0% of total insulin glargine related compounds

•  Limit of High Molecular Weight Proteins
Mobile phase:  Prepare a filtered and degassed mixture of acetonitrile, water, and glacial

acetic acid (300: 400: 200). Adjust with concentrated ammonia (25%–30%) to a pH of
3.0, and dilute with water to a final volume of 1000 mL. Make adjustments, if necessary.

System suitability solution:  Dissolve 15 mg of Insulin Glargine containing more than 0.4%
high molecular weight proteins in 1.5 mL of 0.01 N hydrochloric acid. Dilute with water to a
final volume of 10 mL. [Note—Insulin Glargine containing the indicated percentage of high

molecular weight proteins may be prepared by incubating Insulin Glargine at 100  for 1.5–3
h.]

Sample solution:  Dissolve 15 mg of Insulin Glargine in 1.5 mL of 0.01 N hydrochloric acid.
Dilute with water to a final volume of 10 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 276 nm
Column:  Two 8.0-mm × 30-cm columns in series; 5-µm packing L20
Column temperature:  Ambient
Flow rate:  0.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  System suitability solution
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[Note—The retention time for the insulin monomer is about 35 min, and the high molecular
weight proteins elute earlier.]

Suitability requirements 
Resolution:  The ratio of the height of the high molecular weight proteins peak to the

height of the valley between the high molecular weight proteins peak and the insulin
glargine peak is NLT 2.

Tailing factor:  NMT 2.0 for the insulin glargine peak
Analysis 

Sample:  Sample solution

Measure the areas of the peak responses, disregarding any peaks having retention times
greater than that of the insulin monomer. Calculate the percentage of high molecular
weight proteins in the portion of Insulin Glargine taken:

Result = [SrH/(SrH + rM)] × 100

SrH= sum of the responses for all peaks having retention times less than that of insulin
glargine

rM= peak response of insulin glargine
Acceptance criteria:  NMT 0.3%

SPECIFIC TESTS

•  Insulin Assays, Bioidentity Test 121 : Meets the requirements

•  Bacterial Endotoxins Test 85 : NMT 10 USP Endotoxin Units/mg of Insulin Glargine

•  Microbial Enumeration Tests 61  and Tests For Specified Microorganisms 62 : The
total bacterial count does not exceed 3 × 102 cfu/g, the test being performed on a portion
of about 0.2 g, accurately weighed.

•  Water Determination, Method 1c 921 : NMT 8.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light, and store in a

freezer.
•  Labeling: Label it to indicate that it has been prepared by microbial synthesis.

•  USP Reference Standards 11
USP Endotoxin RS
USP Insulin Glargine RS
USP Insulin Glargine for Peak Identification RS 

Contains insulin glargine and A-0-Arg-insulin glargine

BRIEFING

Insulin Glargine Injection. Because there is no existing USP monograph for this drug product,
a new monograph is being proposed. The liquid chromatographic procedure in the Assay and
the test for Related Compounds is based on analyses performed with the Merck Superspher
100 RP-18e brand of L1 column. The retention time for the insulin glargine peak is 18–23 min.
The liquid chromatographic procedure in the test for Limit of High Molecular Weight Proteins
is based on analyses performed with the Shodex Protein KW 802.5 brand of L20 column.

2S (USP37)
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(BIO1: E. Chang.)
Correspondence Number—C126048

Comment deadline: September 30, 2013

Add the following:
Insulin Glargine Injection

DEFINITION

Insulin Glargine Injection is a sterile solution of Insulin Glargine in Water for Injection. It has a
potency of NLT 95.0 and NMT 105.0 USP Insulin Glargine Units/mL.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  Dissolve 20.7 g of anhydrous monobasic sodium phosphate in 900 mL of water.
Adjust with phosphoric acid to a pH of 2.5, and dilute with water to a final volume of 1000
mL.

Solution A:  Dissolve 18.4 g of sodium chloride in 250 mL of Buffer, add 250 mL of
acetonitrile, and mix. Dilute the solution with water to a final volume of 1000 mL.

Solution B:  Dissolve 3.2 g of sodium chloride in 250 mL of Buffer, add 650 mL of
acetonitrile, and mix. Dilute the solution with water to a final volume of 1000 mL.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 96 4
20 83 17
30 63 37
33 96 4

[Note—Adjust the Mobile phase composition and the gradient by a parallel shift to obtain a
retention time of 18–23 min for the insulin glargine main peak.]

System suitability solution:  Dissolve the contents of one vial of USP Insulin Glargine for
Peak Identification RS in 0.3 mL of 0.01 N hydrochloric acid, and add 1.7 mL of water.

Standard solution 1:  Dissolve the contents of one vial of USP Insulin Glargine RS in 1.5 mL
of 0.01 N hydrochloric acid, transfer the solution to a 5-mL volumetric flask, and dilute
with water to volume. Dilute 4 mL of this solution to 10 mL in a volumetric flask.

Standard solution 2:  Dissolve the contents of one vial of USP Insulin Glargine RS in 1.5 mL
of 0.01 N hydrochloric acid, transfer the solution to a 10-mL volumetric flask, and dilute
with water to volume.

Standard solution 3:  Dissolve the contents of one vial of USP Insulin Glargine RS in 1.5 mL
of 0.01 N hydrochloric acid, transfer the solution to a 5-mL volumetric flask, and dilute
with water to volume. Dilute 3 mL of this solution to 5 mL in a volumetric flask.
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Sample solution:  Quantitatively dilute a portion of the solution with water to obtain a
solution containing about 40 USP Insulin Glargine Units/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  3.0-mm × 25.0-cm; 4-µm packing L1

Column temperature:  35
Flow rate:  0.55 mL/min
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solutions
Suitability requirements 

Resolution:  NLT 2.0 for the ratio of the height of the A-0 Arg-insulin glargine peak to
the height of the valley between the A-0 Arg-insulin glargine peak and the insulin
glargine peak, System suitability solution

Tailing factor:  NMT 1.8 for the insulin glargine peak, System suitability solution
Relative standard deviation:  NMT 2.0%, calculated from six response factors from

two duplicate injections of each of the three Standard solutions 1, 2, and 3
Analysis 

Samples:  Standard solutions and Sample solution

Measure the areas of the major peaks. Prepare a calibration curve based on the peak
areas from the Standard solutions using linear regression. 
Calculate the potency, in USP Insulin Glargine Units/mL, of the portion of Injection taken:

Result = [(rU  b)/a] × D

rU= peak response of insulin glargine from the Sample solution
b= y-intercept of the calibration curve in area counts
a= slope of the calibration curve in area counts per USP Insulin Glargine Unit
D= dilution factor used to prepare the Sample solution
Acceptance criteria:  95.0–105.0 USP Insulin Glargine Units/mL

OTHER COMPONENTS
•  Zinc Determination

Standard stock solution:  10 µg/mL of zinc in 0.01 N hydrochloric acid, from a commercially
available zinc standard solution for atomic absorption

Standard solutions:  0.2, 0.4, and 0.6 µg/mL of zinc from the Standard stock solution
diluted with 0.01 N hydrochloric acid

Sample solution:  Dilute 1 mL of Injection with 0.01 N hydrochloric acid to 100 mL.
Blank solution:  0.01 N hydrochloric acid
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  Zinc absorption line at 213.9 nm
Flame:  Air–acetylene flame of suitable composition (for example, 11 L of air and 2 L of
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acetylene per min)
Lamp:  Suitable radiation source, such as zinc hollow-cathode or electrodeless-discharge-

lamp (EDL)
System suitability 

Samples:  Standard solutions and Blank solution 
Using the Standard solutions and Blank solution, construct a calibration curve by plotting
the absorbances of the Standard solutions versus their concentrations, and draw the
straight line best fitting the three plotted points.

Suitability requirements 
Correlation coefficient:  NLT 0.999

Analysis 
Samples:  Standard solutions, Sample solution, and Blank solution 

Determine the concentration, C, in µg/mL of zinc in the Sample solution using the
calibration curve. 
Calculate the amount of zinc in the portion of Injection taken:

Result = C × D

C= concentration of zinc in the Sample solution (µg/mL)
D= dilution factor, 100

Acceptance criteria:  27.0–33.0 µg/mL

IMPURITIES
•  Related Compounds

Mobile phase, System suitability solution, Standard solutions, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each individual insulin related compound (%ix) in the portion
of Injection taken:

Result = (ri/rT) × 100

ri= peak response of the insulin related compound
rT= sum of the responses for all of the peaks

Calculate the total percentage of insulin related compounds in the portion of Injection
taken:

Result = S%ix

Acceptance criteria:  NMT 0.5% of any individual insulin glargine related compound; NMT
2.0% of total insulin glargine related compounds

•  Limit of High Molecular Weight Proteins
Mobile phase:  Prepare a filtered and degassed mixture of acetonitrile, water, and glacial

acetic acid (300:400:200). Adjust with concentrated ammonia (25%–30%) to a pH of 3.0,
and dilute with water to a final volume of 1000 mL. Make adjustments, if necessary.

System suitability solution:  Dissolve 15 mg of insulin glargine containing more than 0.4%
high molecular weight proteins in 1.5 mL of 0.01 N hydrochloric acid. Dilute with water to a
final volume of 10 mL. [Note—Insulin glargine containing the indicated percentage of high
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molecular weight proteins may be prepared by incubating insulin glargine at 100  for 1.5–3
h.]

Sample solution:  Quantitatively dilute a portion of the solution with water to obtain a
solution containing about 40 USP Insulin Glargine Units/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 276 nm
Column:  Two 8.0-mm × 30-cm columns in series; 5-µm packing L20
Column temperature:  Ambient
Flow rate:  0.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  System suitability solution
[Note—The retention time for the insulin monomer is about 35 min, and the high molecular

weight proteins elute earlier.]
Suitability requirements 

Resolution:  The ratio of the height of the high molecular weight proteins peak to the
height of the valley between the high molecular weight proteins peak and the insulin
glargine peak is NLT 2.

Tailing factor:  NMT 2.0 for the insulin glargine peak
Analysis 

Sample:  Sample solution

Measure the areas of the peak responses, disregarding any peaks having retention times
greater than that of the insulin monomer. Calculate the percentage of high molecular
weight proteins in the portion of Injection taken:

Result = [SrH/(SrH + rM)] × 100

SrH= sum of the responses for all peaks having retention times less than that of insulin
glargine

rM= peak response of insulin glargine
Acceptance criteria:  NMT 0.3%

SPECIFIC TESTS

•  pH 791 : 3.5–4.5

•  Bacterial Endotoxins Test 85 : NMT 80 USP Endotoxin Units/100 USP Insulin Glargine
Units

•  Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to be Examined, Membrane Filtration

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Injections 1 : Meets the requirements

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protected from sunlight, and avoid
freezing.

•  Labeling: States that it has been prepared with Insulin Glargine obtained from microbial
synthesis. Label it to state that it is to be stored in a refrigerator and that freezing is to
be avoided. The label states the potency in USP Insulin Glargine Units/mL.

•  USP Reference Standards 11 :
USP Endotoxin RS
USP Insulin Glargine RS
USP Insulin Glargine for Peak Identification RS 

Contains insulin glargine and A-0-Arg-insulin glargine

BRIEFING

Isradipine, USP 36 page 4017. As a part of USP monograph modernization efforts, it is
proposed to add an orthogonal Identification test B based on the retention time agreement
in accordance with the Assay procedure. In addition, the nonspecific test for Melting Range
or Temperature is deleted as the other tests in the monograph can adequately monitor the
quality of the drug substance.

(SM2: S. Ramakrishna.)
Correspondence Number—C130332

Comment deadline: September 30, 2013
Isradipine

C19H21N3O5       371.39 

3,5-Pyridinedicarboxylic acid, 4-(4-benzofurazanyl)-1,4-dihydro-2,6-dimethyl-, methyl 1-
methylethyl ester, (±)-;     
Isopropyl methyl (±)-4-(4-benzofurazanyl)-1,4-dihydro-2,6-dimethyl-3,5-
pyridinedicarboxylate     [75695-93-1].

DEFINITION

Isradipine contains NLT 98.0% and NMT 102.0% of isradipine (C19H21N3O5), calculated on the
dried basis.

IDENTIFICATION

Change to read:

2S (USP37)
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Change to read:
•  

A:

Infrared Absorption 197K

Add the following:
•  B: The retention time of the isradipine peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure 

Use low-actinic glassware throughout this procedure, and otherwise protect the test
specimen, the Reference Standard, and all solutions containing them from unnecessary
exposure to light.

Mobile phase:  Methanol, tetrahydrofuran, and water (400:100:500)
Standard solution:  0.2 mg/mL of USP Isradipine RS and 0.01 mg/mL of USP Isradipine

Related Compound A RS in Mobile phase. If necessary, use sonication and/or add 1 mL of
methanol per 20 mL of Mobile phase to dissolve the Reference Standards.

Sample solution:  0.2 mg/mL of Isradipine prepared as follows. Transfer 20 mg of Isradipine
to a 100-mL volumetric flask. Add sufficient methanol to dissolve, and sonicate if
necessary. Dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 326 nm
Column:  4.6-mm × 10-cm; packing L1
Flow rate:  1.7 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between isradipine and isradipine related compound A
Relative standard deviation:  NMT 1.5%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of isradipine (C19H21N3O5) in the portion of Isradipine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of isradipine from the Sample solution
rS= peak response of isradipine from the Standard solution
CS= concentration of USP Isradipine RS in the Standard solution (mg/mL)
CU= concentration of Isradipine in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

2S (USP37)
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•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities 

Use low-actinic glassware throughout this procedure, and otherwise protect the test
specimen, the Reference Standard, and all solutions containing them from unnecessary
exposure to light.

Mobile phase:  Prepare as directed in the Assay.
System suitability solution:  0.2 mg/mL of USP Isradipine RS and 0.01 mg/mL of USP

Isradipine Related Compound A RS in Mobile phase. If necessary, use sonication and/or
add 1 mL of methanol per 20 mL of Mobile phase to dissolve the Reference Standards.

Standard solution:  6 µg/mL of USP Isradipine RS in Mobile phase. If necessary, use
sonication and/or add 1 mL of methanol per 20 mL of Mobile phase to dissolve the
Reference Standards.

Sample solution:  2 mg/mL of Isradipine prepared as follows. Transfer 50 mg of Isradipine
to a 25-mL volumetric flask, and add 5.0 mL of methanol to dissolve. Sonicate if
necessary, and dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 10-cm; packing L1
Flow rate:  1.7 mL/min
Injection volume:  25 µL
Run time:  NLT 3 times the retention time of isradipine for the Sample solution

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 1.5 between isradipine and isradipine related compound A
Relative standard deviation:  NMT 1.5%

Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria:  The sum of the peak responses, other than that of isradipine, of the
Sample solution is NMT 4 times the isradipine response from the Standard solution (NMT
1.2%); the response of the largest peak, other than that of isradipine, of the Sample
solution is NMT 1.6 times greater than the isradipine response from the Standard solution
(NMT 0.5%); no other peak response, other than that of isradipine, is greater than the
isradipine response from the Standard solution (NMT 0.3%).

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 166 –170  

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h
Acceptance criteria:  NMT 0.2%

ADDITIONAL REQUIREMENTS

2S (USP37)
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•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

•  USP Reference Standards 11
USP Isradipine RS 
USP Isradipine Related Compound A RS 

Isopropyl methyl 4-(4-benzofurazanyl)-2,6-dimethyl-3,5-pyridinedicarboxylate.     
C19H19N3O5      369.38

BRIEFING

Lamotrigine Compounded Oral Suspension. The proposal for this dosage form published in
PF 37(1) [Jan.–Feb. 2011] is cancelled and replaced with the following proposal. Based on
comments received, the previously proposed Assay showed low lamotrigine recovery and
certain excipients in the preparation co-eluted with the internal standard. The new Assay is
based on an analysis validated using an Inertsil ODS-3 brand of L1 column. The typical
retention time for lamotrigine is about 9.8 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C85763

Comment deadline: September 30, 2013

Add the following:
Lamotrigine Compounded Oral Suspension

DEFINITION

Lamotrigine Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of lamotrigine (C9H7Cl2N5). 
Prepare Lamotrigine Compounded Oral Suspension 1 mg/mL as follows (see Pharmaceutical

Compounding—Nonsterile Preparations 795 ).

Lamotrigine tableta equivalent to 100 mg

Ora-Blend,b a sufficient quantity to make 100 mL

a  Lamotrigine 100-mg tablets, Torrent Pharmaceuticals LTD, Kalamazoo, MI.

b  Perrigo, Minneapolis, MN.

Place the required number of tablet(s) in a suitable mortar, and comminute to a fine powder.
Add the Ora-Blend in small portions, and triturate to make a smooth paste. Add increasing
volumes of the Ora-Blend to make a lamotrigine liquid that is pourable. Transfer the contents of
the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Ora-Blend to
bring to final volume, and mix well.

ASSAY
•  Procedure

Solution A:  Dissolve 2.7 g of monobasic potassium phosphate in 1000 mL of water. Add 6.5
mL of triethylamine, and adjust with phosphoric acid to a pH of 2.0.

Mobile phase:  Acetonitrile and Solution A (20:80). Filter, and degas.
Diluent:  0.1 M of hydrochloric acid
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Standard solution:  0.4 mg/mL of USP Lamotrigine RS in Diluent
Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 4 mL of Oral

Suspension into a 10 mL volumetric flask, dilute with Diluent to volume, and mix well.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for lamotrigine is about 9.8 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lamotrigine (C9H7Cl2N5) in the portion
of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of lamotrigine from the Sample solution
rS= peak response of lamotrigine from the Standard solution
CS= concentration of lamotrigine in the Standard solution (mg/mL)
CU= nominal concentration of lamotrigine in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

room temperature or controlled cold temperature.
•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the

Beyond-Use Date.
•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at controlled room temperature or controlled cold temperature.

•  USP Reference Standards 11
USP Lamotrigine RS

BRIEFING

Lithium Citrate, USP 36 page 4133. On the basis of comments received, it is proposed to
revise the monograph as follows:

1. Replace the subjective Identification test A based on the flame test with an
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1. Replace the subjective Identification test A based on the flame test with an
instrumental procedure from the Assay.

2. Include the details of the Surfactant solution and the Blank required in the Assay.
3. Make minor editorial changes for consistency with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C127200

Comment deadline: September 30, 2013
Lithium Citrate

C6H5Li3O7·4H2O       281.98 
C6H5Li3O7       209.93 

1,2,3-Propanetricarboxylic acid, 2-hydroxy-trilithium salt tetrahydrate;     
Trilithium citrate tetrahydrate     [6080-58-6].
Anhydrous     [919-16-4].

DEFINITION

Lithium Citrate contains NLT 98.0% and NMT 102.0% of lithium citrate (C6H5Li3O7), calculated
on the anhydrous basis.

IDENTIFICATION

Change to read:
•  A. When moistened with hydrochloric acid, it imparts an intense crimson color to a

nonluminous flame.
The emission intensity at 671 nm of the Sample solution corresponds to that of the Standard

solution, as obtained in the Assay.

•  B. Identification Tests—General, Citrate 191 : Meets the requirement

ASSAY

Change to read:
•  Procedure

Surfactant solution:  1%–2% solution of nonionic surfactant such as t-dodecyl
mercaptan ethoxylate or polyoxyethylene (20) sorbitan monolaurate in water

Blank:  Surfactant solution and water (1:50)
Standard stock solution:  0.3 mg/mL of USP Lithium Carbonate RS prepared as follows.
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Transfer the required quantity of USP Lithium Carbonate RS to a suitable volumetric flask,
and add 20% of the flask volume of water and 0.5% of the flask volume of hydrochloric
acid. Shake until dissolved, and dilute with water to volume.

Standard solution:  0.006 mg/mL of USP Lithium Carbonate RS from Standard stock
solution prepared as follows. Pipet a suitable volume of Standard stock solution into a
suitable volumetric flask. Add 80% of the flask volume of water and 2% of the flask
volume of the Surfactant solution, and dilute with water to volume.

Sample stock solution:  0.8 mg/mL of Lithium Citrate prepared as follows. Transfer a
suitable amount of Lithium Citrate to a suitable volumetric flask. Dissolve in water. Add
0.05% of the flask volume of hydrochloric acid. Dilute with water to volume.

Sample solution:  Nominally 0.006 mg/mL of Lithium Citrate from Sample stock solution
prepared as follows. Pipet a suitable volume of Sample stock solution into a suitable
volumetric flask. Add 80% of the flask volume of water and 2% of the flask volume of the
Surfactant solution, and dilute with water to volume.

Instrumental conditions 
Mode:  Flame photometry
Analytical wavelength:  671 nm

Analysis 
Samples:  
Blank,

Standard solution, and Sample solution

Use the Blank to zero the instrument. Measure the emission responses for the Standard
solution and the Sample solution. Calculate the percentage of lithium citrate (C6H5Li3O7)
in the portion of Lithium Citrate taken: 

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100

rU= emission response of the Sample solution
rS= emission response of the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (mg/mL)
CU= concentration of Lithium Citrate in the Sample solution (mg/mL)
Mr1= molecular weight of anhydrous lithium citrate, 209.93
Mr2= molecular weight of lithium carbonate, 73.89
F = ratio of the number of moles of lithium in one mole of lithium carbonate to that of the

number of moles of lithium in one mole of lithium citrate, 0.66
Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Heavy Metals 231
Test preparation:  Dissolve 2.0 g of Lithium Citrate in 2 mL of 0.1 N hydrochloric acid, and

dilute with water to 25 mL.
Acceptance criteria:  NMT 10 ppm

SPECIFIC TESTS
•  Carbonate

Analysis:  Add 0.5 g of Lithium Citrate to 5 mL of 6 N acetic acid.
Acceptance criteria:  NMT a slight effervescence is produced.
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•  pH 791
Sample solution:  50-mg/mL solution of Lithium Citrate in water
Acceptance criteria:  7.0–10.0

•  Water Determination, Method III 921

Analysis:  Dry a sample at 150  for 3 h.
Acceptance criteria:  24.0%–28.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Lithium Carbonate RS

BRIEFING

Lithium Oral Solution, USP 36 page 4133. Based on comments received, it is proposed to
revise the monograph as follows:

1. Replace the subjective Identification test A based on a flame test with an instrumental
procedure in the Assay.

2. Include the correct information regarding the details of the Surfactant solution and
Blank required in the Assay.

3. Revise the Packaging and Storage section to include a storage condition for consistency
with the approved package insert.

4. Make minor editorial changes for consistency with current USP style.

(SM4: R. Ravichandran.)
Correspondence Number—C129481

Comment deadline: September 30, 2013
Lithium Oral Solution

DEFINITION

Lithium Oral Solution is prepared from Lithium Citrate or Lithium Hydroxide to which an excess of
Citric Acid has been added. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
lithium (Li).

IDENTIFICATION

Change to read:
•  A. When diluted with an equal volume of 3 N hydrochloric acid, it imparts an intense crimson

color to a nonluminous flame.
The emission intensity at 671 nm of the Sample solution corresponds to that of the Standard

solution, as obtained in the Assay.

•  B. Identification Tests—General, Citrate 191 : Meets the requirements

ASSAY

Change to read:
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•  Procedure
Surfactant solution:  1%–2% solution of nonionic surfactant, such as t-Dodecyl
mercaptan ethoxylate or polyoxyethylene (20) sorbitan monolaurate, in water

Standard stock solution:  0.3 mg/mL of USP Lithium Carbonate RS prepared as follows.
Transfer the required quantity of USP Lithium Carbonate RS to a suitable volumetric flask,
and add 20% of the flask volume of water and 0.5% of the flask volume of hydrochloric
acid. Shake until dissolved.

Standard solution:  Pipet 20 mL of the Standard stock solution into a 1000-mL volumetric
flask, add 800 mL of water and 20 mL of a suitable surfactant solution
(10 mg/mL, such as Nonoxynol 9).
6 µg/mL of USP Lithium Carbonate RS from the Standard stock solution prepared as
follows. Transfer a suitable volume of the Standard stock solution to a suitable volumetric
flask. Add 80% of the flask volume of water and 2% of the flask volume of Surfactant
solution, and dilute with water to volume.

Determine the pH of the solution.
Sample stock solution:  Nominally 0.06 mg/mL of lithium in water from a suitable volume of

Oral Solution
prepared as follows. Transfer a volume of Oral Solution equivalent to NLT 60 mg of lithium
to a suitable volumetric flask. Dilute with water to volume.

Sample solution:  Nominally 1.2 µg/mL of lithium from the Sample stock solution prepared
as follows. Pipet 20 mL into a 1000-mL volumetric flask, and then add about 950 mL of
water, 2 mL of 1 N hydrochloric acid, and 20 mL of a surfactant solution
(10 mg/mL, such as Nonoxynol 9).
Transfer a suitable volume of the Sample stock solution to a suitable volumetric flask. Add
95% of the flask volume of water, 0.2% of the flask volume of 1 N hydrochloric acid, and
2% of the flask volume of the Surfactant solution.

Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to the same pH (±0.1 pH unit) as
that of the Standard solution, and dilute with water to volume.
Blank:  Surfactant solution

Instrumental conditions 
Mode:  Flame photometry
Analytical wavelength:  About 671 nm

Analysis 
Samples:  Standard solution, Sample solution, and
Blank

Use the Blank to zero the instrument. Measure the emission responses for the Standard
solution and Sample solution.

Calculate the percentage of the labeled amount of lithium (Li) in the portion of Oral Solution
taken:

Result = (rU/rS) × (CS/CU) × (Ar/Mr) × F × 100

rU= photometer reading of the Sample solution
rS= photometer reading of the Standard solution
CS= concentration of USP Lithium Carbonate RS in the Standard solution (µg/mL)
CU= nominal concentration of lithium in the Sample solution (µg/mL)
Ar= atomic weight of lithium, 6.94
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Mr= molecular weight of lithium carbonate, 73.89
F= number of lithium ions in one mole of lithium carbonate, 2
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Add the following:

•  Uniformity of Dosage Units 905 : Meets the requirements for oral solution packaged in
single-unit containers 

SPECIFIC TESTS

•  pH 791 : 4.0–5.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Lithium Carbonate RS

BRIEFING

Mebendazole, USP 36 page 4204. As part of the USP monograph modernization effort, and
based on comments received, the following changes are proposed:

1. Add Identification test B based on the retention time agreement from the proposed
HPLC method for the Assay.

2. Replace the Assay based on titration with an HPLC procedure adapted from the related
substances test for Mebendazole in the European Pharmacopoeia, edition 7.5, and a
validated method of analysis.

3. Replace the Organic Impurities test based on TLC with an HPLC procedure adapted also
from the related substances test for Mebendazole in the European Pharmacopoeia,
edition 7.5.

The liquid chromatographic procedures in the Assay and Organic Impurities are based on
analyses performed with the Hypersil BDS brand of L1 column. The typical retention time of
mebendazole in the Assay and Organic Impurities is about 10.6 min.

(SM1: L. Santos.)
Correspondence Number—C117021

Comment deadline: September 30, 2013
Mebendazole

USP36
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C16H13N3O3       295.29 

Carbamic acid, (5-benzoyl-1H-benzimidazol-2-yl), methyl ester;     
Methyl 5-benzoyl-2-benzimidazolecarbamate     [31431-39-7].

DEFINITION

Mebendazole contains NLT 98.0% and NMT 102.0% of mebendazole (C16H13N3O3), calculated
on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  225 mg
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 30 mL of glacial acetic acid, and titrate with Titrant
using a calomel–glass electrode system. Perform a blank determination. Each mL of 0.1 N
perchloric acid is equivalent to 29.53 mg of mebendazole (C16H13N3O3).
Solution A:  7.5 g/L of ammonium acetate
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
15 70 30
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20 10 90
25 10 90
26 80 20
30 80 20

Diluent:  Acetonitrile and water (50:50)
System suitability solution:  50 µg/mL of USP Mebendazole RS and 2.5 µg/mL of USP

Mebendazole Related Compound D RS in Diluent. Sonicate in Diluent using 80% of the

final volume at 45 –50  for 10 min. Dilute with Diluent to final volume.
Standard solution:  0.05 mg/mL of USP Mebendazole RS in Diluent. Sonicate in Diluent

using 80% of the final volume at 45 –50  for 10 min. Dilute with Diluent to final volume.
Sample solution:  0.05 mg/mL of Mebendazole in Diluent. Sonicate in Diluent using 80%

of the final volume at 45 –50  for 10 min. Dilute with Diluent to final volume.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1

Column temperature:  40
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times of mebendazole and mebendazole related compound

D are 1.0 and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 5.0 between mebendazole and mebendazole related compound D,
System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of mebendazole from the Sample solution
rS= peak response of mebendazole from the Standard solution
CS= concentration of USP Mebendazole RS in the Standard solution (mg/mL)
CU= concentration of Mebendazole in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
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Change to read:
•  Organic Impurities

Standard stock solution:  5 mg/mL of USP Mebendazole RS prepared as follows. Dissolve
a suitable amount of USP Mebendazole RS using 10% of the final volume of 96% formic
acid, and add chloroform to volume.

Standard solution:  0.025 mg/mL of USP Mebendazole RS in a mixture of chloroform and
96% formic acid (9:1).

Sample solution:  5 mg/mL of Mebendazole prepared as follows. Dissolve a suitable
amount of Mebendazole using 10% of the final volume of 96% formic acid, and add
chloroform to volume.

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Chloroform, methanol, and 96% formic acid (90:5:5)

Analysis 
Samples:  Standard stock solution, Standard solution, and Sample solution

Apply the Samples to the plate, and allow the spots to dry. Develop the chromatogram in
the Developing solvent system until the solvent front has moved about three-fourths of
the length of the plate. Remove the plate from the developing chamber, mark the solvent
front, allow the solvent to evaporate, and examine the plate under short-wavelength UV
light.

Acceptance criteria:  The RF value of the principal spot of the Sample solution
corresponds to that of the Standard stock solution, and no spot, other than the principal
spot, of the Sample solution is larger or more intense than the principal spot of the
diluted Standard solution.
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, Sample
solution, and Chromatographic system:  Prepare as directed in Assay
Standard solution:  2.5 µg/mL of USP Mebendazole RS in Diluent
System suitability 

Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 5.0 between the mebendazole and mebendazole related compound
D peaks

Relative standard deviation:  NMT 1.0% for the mebendazole peak and NMT 5.0%
for the mebendazole related compound D peak

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of each impurity in the portion of Mebendazole taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of mebendazole from the Standard solution
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CS= concentration of USP Mebendazole RS in the Standard solution (mg/mL)
CU= concentration of Mebendazole in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

2-Amino mebendazolea 0.46 1.0 0.25

2-Hydroxy mebendazoleb 0.53 1.0 0.25
2-Amino-1-methyl mebendazolec 0.67 1.0 0.25
Mebendazole 1.0 — —
Mebendazole related compound D 1.1 1.0 0.25
Ethyl mebendazoled 1.3 1.0 0.25

Toluoyl mebendazolee 1.4 1.0 0.25

Mebendazole dimerf 1.6 0.71 0.5

Any other unspecified impurity — 1.0 0.10
Total impurities — — 1.0

a  2-Amino-5-benzoylbenzimidazole.
b  5-Benzoyl-2-hydroxybenzimidazole.
c  2-Amino-5-benzoyl-1-methylbenzimidazole.
d  Ethyl 5-benzoyl-1-methylbenzimidazol-2-ylcarbamate.
e  Methyl 5-(4-toluoyl)-1-methylbenzimidazol-2-ylcarbamate.
f  1,3-Bis(5-benzoylbenzimidazol-2-yl)urea.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Mebendazole RS 
USP Mebendazole Related Compound D RS 

Methyl 5-benzoyl-1-methylbenzimidazol-2-ylcarbamate. 
C17H15N3O3      309.32

BRIEFING

Mephenytoin, USP 36 page 4241. On the basis of comments received, it is proposed to revise
the monograph as follows:
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1. Replace Identification test B with a retention time agreement based on the Assay.
2. Revise the formula for calculating the impurities in the test for Organic Impurities to use

the relative response factor (RRF) in the denominator, per the current USP
guidelines.

3. Add a table with impurities and their relative retention times, relative response factors,
and acceptance criteria based on validation data.

4. Include the chemical identity of the peak at the relative retention time of 0.66 based on
the validation data.

5. Propose the limit for any unspecified impurity at 0.10% to be consistent with ICH
guidelines.

6. Delete the test for Melting Range or Temperature, because the monograph contains
sufficient tests to ensure the quality of the drug.

7. Revise the storage temperature to be consistent with the approved package insert.
8. Reformat the monograph to reflect the current USP style guide.

(SM4: R. Ravichandran.)
Correspondence Number—C130929

Comment deadline: September 30, 2013
Mephenytoin

C12H14N2O2       218.25 

2,4-Imidazolidinedione, 5-ethyl-3-methyl-5-phenyl-, (±)-;     
(±)-5-Ethyl-3-methyl-5-phenylhydantoin     [50-12-4].

DEFINITION

Mephenytoin contains NLT 98.0% and NMT 102.0% of mephenytoin (C12H14N2O2), calculated
on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•B. Ultraviolet Absorption 197U
Sample solution:  1 mg/mL in methanol

The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Acetonitrile, methanol, and water (10:38:52)
System suitability solution:  0.015 mg/mL of propiophenone and 1.5 mg/mL of USP

Mephenytoin RS in Mobile phase. Sonicate if necessary.
Standard solution:  5.0 mg/mL of USP Mephenytoin RS in Mobile phase. Sonicate if

necessary.
Sample solution:  5.0 mg/mL of Mephenytoin in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 257 nm
Column:  3.9-mm × 15-cm; packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Column efficiency:  NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation:  NMT 2.0% for the mephenytoin peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of mephenytoin (C12H14N2O2) in the portion of Mephenytoin
taken: 

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Mobile phase:  Acetonitrile, methanol, and water (10:38:52)
System suitability solution:  0.015 mg/mL of propiophenone and 1.5 mg/mL of USP

Mephenytoin RS in Mobile phase
Sample solution:  5.0 mg/mL of Mephenytoin in Mobile phase
Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  3.9-mm × 15-cm; packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Column efficiency:  NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation:  NMT 2.0% for the mephenytoin peak

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Mephenytoin taken:

Result = (rU/rT) ×F × 100

Result = (rU/rT) × (1/F) × 100

rU= peak response for each impurity
rT= sum of the responses of all of the peaks
F= relative response factor for the corresponding impurity equal to 1.16 for any peak with a

relative retention time of 0.66, 0.37 for propiophenone, and 1.0 for all other peaks
 (see Table 1)

Acceptance criteria:  
Individual impurity:  NMT 1.0%
Total impurities:  NMT 1.5%
See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor
Acceptance Criteria,

NMT (%)

Desmethyl phenytoina 0.66 0.86 1.0
Mephenytoin 1.0 — —
Methyl mephenytoinb 1.17 1.0 1.0
Propiophenone 1.5 2.7 1.0
Any individual

unspecified impurity — 1.0 0.10
Total — — 1.5

a  5-Ethyl-5-phenylimidazolidine-2,4-dione.
b  5-Ethyl-1,3-dimethyl-5-phenylimidazolidine-2,4-dione.

SPECIFIC TESTS

•  Loss on Drying 731
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Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 1.0%

Delete the following:

•  Melting Range or Temperature 741 : 136 –140  

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers and store at controlled room

temperature

below 30 .

•  USP Reference Standards 11
USP Mephenytoin RS 

BRIEFING

Mephenytoin Tablets, USP 36 page 4241. On the basis of comments received, it is proposed
to revise the monograph as follows:

1. Introduce an Identification test based on the retention time agreement from the Assay.
2. Specify the concentration of the Standard solution used in the test for Dissolution,

based on validation data.
3. Include a formula in the test for Dissolution to calculate the percentage of mephenytoin

dissolved.
4. Include an impurity table, Table 1, based on validation data.
5. In the table, include the chemical identity of the peak at the relative retention time of

0.66, based on validation data.
6. In the table, propose the limit for any unspecified degradation product at 0.2% to be

consistent with ICH guidelines.
7. In the Packaging and Storage section, revise the storage temperature to be consistent

with the approved package insert.
8. Reformat the monograph to reflect the current USP–NF Style Guide.

(SM4: R. Ravichandran.)
Correspondence Number—C130930

Comment deadline: September 30, 2013
Mephenytoin Tablets

DEFINITION

Mephenytoin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
mephenytoin (C12H14N2O2).

IDENTIFICATION

Add the following:
•  A: The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 
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ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, methanol, and water (10:38:52)
System suitability solution:  0.015 mg/mL of propiophenone and 1.5 mg/mL of USP

Mephenytoin RS in Mobile phase. Sonicate if necessary.
Standard solution:  5.0 mg/mL of USP Mephenytoin RS in Mobile phase. Sonicate if

necessary.
Sample solution:  Nominally 5.0 mg/mL of mephenytoin prepared with NLT 500 mg from NLT

20 powdered Tablets as follows. Transfer the powder to a suitable volumetric flask. Add
60% of the flask volume of Mobile phase, sonicate for 10 min, and shake by mechanical
means for 30 min. Dilute with Mobile phase to volume, and filter, discarding a suitable
portion of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 257 nm
Column:  3.9-mm × 15-cm; packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution 
[Note—See Table 1 for relative retention times.]

Suitability requirements 
Column efficiency:  NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation:  NMT 2.0% for the mephenytoin peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of mephenytoin (C12H14N2O2) in the
portion of Tablets taken: 

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of mephenytoin in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  Water; 500 mL
Apparatus 2:  75 rpm
Time:  60 min
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Instrumental conditions 
Mode:  UV
Analytical wavelength:  Wavelength of maximum absorbance at about 257 nm

Standard solution:  Known concentration
0.2 mg/mL

of USP Mephenytoin RS in Medium
Sample solution:  Filter a portion of the solution under test. Dilute the filtrate, if

necessary, with Medium.
Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of mephenytoin (C12H14N2O2) dissolved.

Result= (AU/AS) × CS × D × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Mephenytoin RS in the Standard solution (mg/mL)
D= dilution factor, if used
V= volume of Medium, 500 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 70% (Q) of the labeled amount of mephenytoin (C12H14N2O2) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Mobile phase:  Acetonitrile, methanol, and water (10:38:52)
System suitability solution:  0.015 mg/mL of propiophenone and 1.5 mg/mL of USP

Mephenytoin RS in Mobile phase. Sonicate if necessary.
Sample solution:  Nominally 5.0 mg/mL of mephenytoin prepared with NLT 500 mg from NLT

20 powdered Tablets as follows. Transfer the powder to a suitable volumetric flask. Add
60% of the flask volume of Mobile phase, sonicate for 10 min, and shake by mechanical
means for 30 min. Dilute with Mobile phase to volume, and filter, discarding a suitable
portion of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  3.9-mm × 15-cm; packing L7
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution 
[Note—See Table 1 for relative retention times.]

Suitability requirements 
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Column efficiency:  NLT 4000 theoretical plates for the mephenytoin peak
Relative standard deviation:  NMT 2.0% for the mephenytoin peak

Analysis 
Sample:  Sample solution 

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rT) × F × 100

Result = (rU/rT) × (1/F) × 100

rU= peak response of each impurity
rT= sum of the responses of all of the peaks
F = relative response factor equal to 1.16 for any peak with a relative retention time of

0.66; 0.37 for propiophenone, and 1.0 for all other peaks
(see Table 1)

Acceptance criteria 
Individual impurity:  NMT 1.0%
Total impurities:  NMT 2.0%
See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria

NMT (%)

Desmethyl phenytoina 0.66 0.86 1.0
Mephenytoin 1.0 — —

Methyl mephenytoinb 1.2 1.0 1.0
Propiophenone 1.5 2.7 1.0
Any individual unspecified degradation product — 1.0 0.2
Total impurities — — 2.0

a  5-Ethyl-5-phenylimidazolidine-2,4-dione.
b  5-Ethyl-1,3-dimethyl-5-phenylimidazolidine-2,4-dione.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature

below 30 .

•  USP Reference Standards 11
USP Mephenytoin RS 

BRIEFING

Metronidazole Benzoate Compounded Oral Suspension. Because there is no existing USP
monograph for this dosage form, the following new monograph is proposed. The
metronidazole benzoate ester is used to significantly increase palatability. The liquid
chromatographic procedures in the Assay are based on analyses validated using the
Phenomenex Luna brand of L1 column. The typical retention time for metronidazole is about
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7.7 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C127919

Comment deadline: September 30, 2013

Add the following:
Metronidazole Benzoate Compounded Oral Suspension

DEFINITION

Metronidazole Benzoate Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of
the labeled amount of metronidazole (C6H9N3O3). 
Prepare Metronidazole Benzoate Compounded Oral Suspension containing 50 mg/mL of

metronidazole as follows (see Pharmaceutical Compounding—Nonsterile Preparations 795 .

Metronidazole (as the Benzoate) powder 5 g (8 g)
Ora-Blenda, a sufficient quantity to make 100 mL

a  Perrigo, Minneapolis, MN.

Place the Metronidazole Benzoate powder into a suitable mortar. Wet the powder with a small
amount of Ora-Blend, and triturate to make a smooth paste. Add the Ora-Blend in small
portions almost to volume, and mix thoroughly after each addition. Transfer the contents of the
mortar, stepwise and quantitatively, to a calibrated container. Add sufficient Ora-Blend to bring
the preparation to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  0.1% (v/v) glacial acetic acid in water
Mobile phase:  Acetonitrile and Solution A (40:60). Filter, and degas.
Standard solution:  0.4 mg/mL of metronidazole prepared from USP Metronidazole Benzoate

RS in Mobile phase. Mix well until dissolved.
Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 0.8 mL of the

Oral Suspension into a 100-mL volumetric flask, dilute with Mobile phase to volume, and
mix well.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 316 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for metronidazole is about 7.7 min.]
Suitability requirements 
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Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of metronidazole (C6H9N3O3) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of metronidazole in the Standard solution (mg/mL)
CU= nominal concentration of metronidazole in the Sample solution (mg/mL)

SPECIFIC TESTS

•  pH 791 : 3.6–4.6

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

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

at controlled cold temperature or controlled room temperature.
•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the

Beyond-Use Date.

•  USP Reference Standards 11
USP Metronidazole Benzoate RS 

BRIEFING

Mitomycin, page 6021 of the First Supplement to USP 36. As part of the USP monograph
modernization effort, and based on the European Pharmacopoeia 7.8 monograph, this
monograph is revised to include the test for Organic Impurities. The YMC-Pack ODS-AM and
Inertsil ODS 2 brands of L1 column are suitable for this procedure. The typical retention time
for mitomycin is about 21 min.

(SM1: A. Wise.)
Correspondence Number—C122760

Comment deadline: September 30, 2013
Mitomycin

Change to read:
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C15H18N4O5       334.33 

Azirino[2¢,3¢:3,4]pyrrolo[1,2-a]indole-4,7-dione, 6-amino-8-[[(aminocarbonyl)oxy]methyl]-
1,1a,2,8,8a,8b-hexahydro-8a-methoxy-5-methyl-, [1a
S

-(1a ,8 ,8a ,8b )]-;     
(1aS,8S,8aR,8bS)-(6-Amino-8a-methoxy-5-methyl-4,7-dioxo-1,1a,2,4,7,8,8a,8b-

octahydroazirino[2¢,3¢:3,4]pyrrolo[1,2-a]indol-8-yl)methyl carbamate;
     
Mitomycin C     [50-07-7].

DEFINITION

Mitomycin has a potency of NLT 970 µg/mg of mitomycin (C15H18N4O5).

IDENTIFICATION

•  A. Infrared Absorption 197M
Analysis:  Do not dry the sample and standard.
Acceptance criteria:  Meets the requirements

Change to read:
•  B.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Dissolve 1.54 g of ammonium acetate in 250 mL of methanol. Add 5.0 mL of
0.83 N acetic acid and water to make 1000 mL.

System suitability solution:  0.5 mg/mL of USP Mitomycin RS and 7.5 mg/mL of 3-ethoxy-
4-hydroxybenzaldehyde in N,N-dimethylacetamide

Standard solution:  0.5 mg/mL of USP Mitomycin RS in N,N-dimethylacetamide
Sample solution:  0.5 mg/mL of Mitomycin in N,N-dimethylacetamide
Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 365 nm
Column:  
3.9-mm

× 30-cm;
10-µm

packing L11
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for mitomycin and 3-ethoxy-4-hydroxybenzaldehyde

are 1.0 and 1.4, respectively.]
Suitability requirements 

Resolution:  NLT 1.8 between mitomycin and 3-ethoxy-4-hydroxybenzaldehyde, System
suitability solution

Tailing factor:  NMT 1.3, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg/mg, of mitomycin (C15H18N4O5) in the portion of Mitomycin
taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Mitomycin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of mitomycin in USP Mitomycin RS (µg/mg)
Acceptance criteria:  NLT 970 µg/mg

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  0.77 g/L of ammonium acetate
Solution B:  Methanol and Solution A (20:80)
Solution C:  Methanol and Solution A (50:50)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
10 100 0
30 0 100
45 0 100
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50 100 0
Sensitivity solution:  2.5 µg/mL of USP Mitomycin RS in methanol
Standard solution:  0.025 mg/mL of USP Mitomycin RS in methanol
Sample solution:  5 mg/mL of Mitomycin in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Sensitivity solution and Standard solution
Suitability requirements 

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Mitomycin taken:

Result = (rU/rS) × (CS/CU) × P × (F1/F2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of mitomycin from the Standard solution
CS= concentration of USP Mitomycin RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
P= potency of mitomycin in USP Mitomycin RS (µg/mg)
F1= conversion factor, 0.001 mg/µg
F2= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Albomitomycin Ca 0.6 1.0 0.5
Mitomycin 1.0 — —

Mitomycin Bb 1.2 1.0 0.5
Cinnamamide 1.3 2.9 0.5

Mitomycin Ac 1.6 1.0 0.5
Any individual unspecified impurity — 1.0 0.5
Total impurities — — 2.0
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a  {(1S,2S,4aS,8aR,9S,9aR)-7-Amino-9a-methoxy-6-methyl-5,8-dioxo-1,2,3,5,8,8a,9,9a-
octahydro-1,2,4a-metheno-(epinitrilo)pyrrolo[1,2- ]indol-9-yl}methyl carbamate.

b  {(1aS,8S,8aR,8bS)- 8a-Hydroxy-6-methoxy-1,5-dimethyl-4,7-dioxo-1,1a,2,4,7,8,8a,8b-
octahydroazirino[2¢,3¢:3,4]pyrrolo[1,2-a]indol-8-yl}methyl carbamate.

c  {(1aS,8S,8aR,8bS)-6,8a-Dimethoxy-5-methyl-4,7-dioxo-1,1a,2,4,7,8,8a,8b-
octahydroazirino[2¢,3¢:3,4]pyrrolo[1,2-a]indol-8-yl}methyl carbamate.

SPECIFIC TESTS

•  Crystallinity 695 : Meets the requirements

•  pH 791
Sample:  5-mg/mL suspension in water
Acceptance criteria:  6.0–7.5

•  Water Determination, Method I 921 : NMT 2.5%

•  Sterility Tests 71 : Where the label states that Mitomycin is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.

•  Bacterial Endotoxins Test 85 : Where the label states that Mitomycin is sterile or must
be subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 10.0 USP Endotoxin Units/mg of mitomycin.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,

excursions permitted between 15  and 30 .
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Endotoxin RS
USP Mitomycin RS 

BRIEFING

Nadolol, USP 36 page 4431. As a part of monograph modernization, the following changes are
proposed:

Replace the titration-based Assay procedure with a stability-indicating liquid
chromatographic procedure. This procedure is based on analyses performed using the
7-µm Nucleosil 100-7 C2 brand of column containing L16 packing. The typical
retention time for nadolol is about 4 min.

Add Identification test B, based on the retention time agreement for the nadolol peak in
the Assay.

(SM2: S. Ramakrishna.)
Correspondence Number—C121647

Comment deadline: September 30, 2013
Nadolol
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C17H27NO4       309.40 

2,3-Naphthalenediol, 5-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-1,2,3,4-tetrahydro-,
cis-;     
1-(tert-Butylamino)-3-[(5,6,7,8-tetrahydro-cis-6,7-dihydroxy-1-naphthyl)oxy]-2-propanol    
[42200-33-9].

DEFINITION

Nadolol contains NLT 98.0% and NMT 101.5% of nadolol (C17H27NO4), calculated on the dried
basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Perchloric acid titrant:  Perchloric acid and glacial acetic acid (8.5: 991.5), prepared by
adding 8.5 mL of perchloric acid to 500 mL of glacial acetic acid, followed by cooling and
diluting with glacial acetic acid to 1000 mL. Standardize as directed for Reagents,
Indicators, and Solutions—Volumetric Solutions—Perchloric Acid, Tenth-Normal (0.1 N) in
Glacial Acetic Acid.

Sample solution:  Dissolve 280 mg of Nadolol in 100 mL of glacial acetic acid by using an
ultrasonic bath until complete dissolution.

Titrimetric system 
Mode:  Direct titration
Titrant:  Perchloric acid titrant
Endpoint:  Visual

Analysis:  Add 2 drops of crystal violet TS to the Sample solution, and titrate with
Perchloric acid titrant to an emerald-green endpoint. Perform a blank determination, and

make any necessary correction (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid
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is equivalent to 30.94 mg of nadolol (C17H27NO4).
Mobile phase:  A mixture of 700 mL of methanol and 1300 mL of water containing 5.84 g
of sodium chloride and 1.0 mL of 0.1 N hydrochloric acid
Standard solution:  0.2 mg/mL of USP Nadolol RS in Mobile phase
Sample solution:   0.2 mg/mL of Nadolol in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 7-µm packing L16
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 3.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of nadolol (C17H27NO4) in the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the Sample solution
rS= peak response of the Standard solution
CS= concentration of USP Nadolol RS in the Standard solution (mg/mL)
CU= concentration of Nadolol in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–101.5% on the dried basis

OTHER COMPONENTS
•  Racemate Composition

Sample solution:  Prepare a mineral oil dispersion of Nadolol, previously dried, adjusting the
thickness of the mull to give an absorbance reading of 0.6 ± 0.1 at a wavelength of 6.3
µm.

Instrumental conditions 
Mode:  IR
Wavelength range:  6–9 µm

Analysis:  Record the spectrum using mineral oil in the reference beam.
Sample:  Sample solution

Calculate the percentage of racemate A in the portion of Nadolol taken:

Result = (AA/AB) × (F/Aav) × 100

AA= uncorrected absorbance at the wavelength of maximum absorbance at about 7.90 µm,
corresponding to racemate A
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AB= uncorrected absorbance at the wavelength of maximum absorbance at about 8.00 µm,
corresponding to racemate B

F = fraction of racemate A in a 1:1 reference mixture of racemate A and racemate B, 0.5
Aav= average value of the absorbance of (AA/AB) in a 1:1 mixture of racemate A and

racemate B, 0.9
Acceptance criteria:  40%–60%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 30 ppm
•  Organic Impurities

Diluent:  Methanol and chloroform (1:1)
Standard solution:  50 mg/mL of USP Nadolol RS in Diluent
Sample solution:  50 mg/mL of Nadolol in Diluent
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  100 µL
Developing solvent system:  Acetone, chloroform, and 2 M ammonium hydroxide

(80:10:10)
Visualization:  UV light, short-wavelength
Blank:  Diluent

Analysis 
Samples:  Standard solution, Sample solution, and Blank 

Divide a thin-layer chromatographic plate into four equal sections, the first section to be
used for the Standard solution, and the next two sections for the Sample solution. Apply
the Samples as streaks. Develop the chromatogram until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate, air-dry, and locate
the bands under short-wavelength UV light. Identify the nadolol zone by comparing with
the nadolol from the Standard solution. Mark the nadolol zones and the separated
impurity zones of the Sample solution, and mark the corresponding zones in the Blank
section of the plate. 
Remove the silica gel from the nadolol zone in each chromatogram of the Sample
solution, and transfer to separate 50-mL centrifuge tubes; similarly transfer the silica gel
removed from the corresponding area of the Blank chromatogram to a third 50-mL
centrifuge tube. 
Remove the silica gel from the combined impurity zones in each chromatogram of the
Sample solution, and transfer to separate 50-mL centrifuge tubes; similarly transfer the
silica gel removed from the corresponding area of the Blank chromatogram to a sixth 50-
mL centrifuge tube. Add 30.0 mL of alcohol to each of the two tubes containing the
mixtures from the nadolol zones and to the third tube containing the corresponding
portion of the Blank. Add 10.0 mL of alcohol to each of the two tubes containing the
mixtures from the impurity zones and to the sixth tube containing the corresponding
portion of the Blank. Shake for 60 min, and centrifuge to clarify. 
Concomitantly determine the absorbances of the supernatants at the wavelength of
maximum absorbance at about 278 nm with a suitable spectrophotometer, using alcohol
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as the spectrophotometer blank. 
Calculate the percentage of impurities in the portion of Nadolol taken:

Result = AI/(AI + 3AU) × 100

AI= average absorbance of the impurity zone eluates corrected for the corresponding
blank

AU= average absorbance of the nadolol zone eluates corrected for the corresponding blank
Acceptance criteria:  NMT 2.0%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry under vacuum at 60  for 3 h.
Acceptance criteria:  NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Nadolol RS 

BRIEFING

Nicardipine Hydrochloride, page 6026 of the First Supplement to USP 36. As a part of the
USP monograph modernization effort, it is proposed to replace the titration-based Assay
procedure with a stability-indicating HPLC procedure. The liquid chromatographic procedure
in the Assay is based on analyses performed with the 5-µm Lichrosphere brand of L7 column.
The typical retention time of the nicardipine peak is about 20 min. In addition, the
nonspecific Identification test B is replaced with the retention time agreement of the major
peaks, as obtained in the proposed Assay. The acceptance criterion in the Definition is
revised in accordance with the proposed chromatographic test procedure in the Assay.
Editorial changes have been made to Organic Impurities to be consistent with current USP
style.

(SM2: S. Ramakrishna.)
Correspondence Number—C120192

Comment deadline: September 30, 2013

Add the following:
Nicardipine Hydrochloride
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C26H29N3O6·HCl       515.99 

3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-, methyl 2-
[methyl(phenylmethyl)amino]ethyl ester, monohydrochloride;     
2-(Benzylmethylamino)ethyl methyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5-
pyridinedicarboxylate monohydrochloride     [54527-84-3].
Nicardipine free base     C26H29N3O6       479.52 
[55985-32-5].

DEFINITION

Change to read:

Nicardipine Hydrochloride contains NLT 98.0% and NMT 101.0%
NMT 102.0%

of nicardipine hydrochloride (C26H29N3O6·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Analytical wavelength:  355 nm
Sample solution:  0.5 mg/mL in alcohol
Acceptance criteria:  The sample exhibits absorption maximum at 355 nm.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Chloride 191
Sample solution:  2.5 mg/mL in methanol
Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample:  300 mg of Nicardipine Hydrochloride
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric
Blank:  50 mL of glacial acetic acid and 10 mL of mercuric acetate TS

Analysis:  Dissolve the sample in 50 mL of glacial acetic acid and 10 mL mercuric acetate
TS, by warming slightly, if necessary. Allow to cool, titrate with 0.1 N perchloric acid VS,
and determine the end point potentiometrically. Perform a blank determination, and make
any necessary corrections.
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Calculate the percentage of nicardipine hydrochloride (C26H29N3O6·HCl) in the portion of
the sample taken:

Result = [(VS/VB) × N × F × 100]/W

VS= Titrant volume consumed by the Sample (mL)
VB= Titrant volume consumed by the Blank (mL)
N= normality of the Titrant (mEq/mL)
F= equivalency factor, 51.57 mg/mEq
W= sample weight (mg)

Acceptance criteria:  98.0%–101.0% on the dried basis

Protect all solutions from light.
Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust the solution with

potassium hydroxide to a pH of 4.8.
Solution A:  Acetonitrile and methanol (82:18)
Mobile phase:  Solution A and Buffer (40:60)
System suitability solution:  0.6 mg/mL of USP Nicardipine Hydrochloride RS in Mobile

phase prepared as follows. To a suitable amount of USP Nicardipine Hydrochloride RS in a
suitable volumetric flask add Mobile phase to fill about 10% of the volume of the flask,
and sonicate for 2 min. Then add 10% hydrogen peroxide solution to fill an additional 10%
of the volume of the flask. Allow it to stand for 30 min, then dilute with Mobile phase to
volume. 
Nicardipine Hydrochloride degrades to produce nicardipine pyridine analog, nicardipine
dimethyl ester analog, and nicardipine bis analog. Use a freshly prepared sample to avoid
further degradation for analysis.

Standard solution:  0.1 mg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
Sample solution:  0.1 mg/mL of Nicardipine Hydrochloride in Mobile phase. [Note

—Sonication may be necessary for complete dissolution.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 237 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  35 –40 . [Note—To attain resolution, the Column temperature
may be adjusted instead of the Mobile phase composition.]

Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of nicardipine hydrochloride (C26H29N3O6·HCl) in the portion of

PF 39(4): Jul.-Aug. 2013 359



Nicardipine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of nicardipine from the Sample solution
rS= peak response of nicardipine from the Standard solution
CS= concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Nicardipine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities 

Protect all solutions from light.
Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust the solution with

potassium hydroxide to a pH of 4.8.
Solution A:  Acetonitrile and methanol (82:18)
Mobile phase:  Solution A and Buffer (40:60)
System suitability solution:  0.6 mg/mL of USP Nicardipine Hydrochloride RS in the Mobile

phase prepared as follows. To a suitable amount of USP Nicardipine Hydrochloride RS in a
suitable volumetric flask, add the Mobile phase to fill about 10% of the volume of the
flask, and sonicate for 2 min. Then add 10% hydrogen peroxide solution to fill an
additional 10% of the volume of the flask. Allow it to stand for 30 min, then dilute with
Mobile phase to volume. [Note—Nicardipine hydrochloride degrades to produce nicardipine
pyridine analog, nicardipine dimethyl ester analog, and nicardipine bis analog. Use a
freshly prepared sample to avoid further degradation for analysis.]
Buffer, Solution A, Mobile phase, and System suitability solution:  Proceed as
directed in the Assay.

Standard solution:  3 µg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
Sample solution:  0.6 mg/mL of Nicardipine Hydrochloride in Mobile phase. [Note

—Sonication may be necessary for complete dissolution.]
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 237 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  35 –40 . [Note—To attain resolution, the Column temperature
may be adjusted instead of the Mobile phase composition.]

Flow rate:  1.5 mL/min
Injection volume:  50 µL

Proceed as directed in the Assay, except for the Run time.

Run time:  NLT 4 times the retention time of nicardipine
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System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.5 between nicardipine and nicardipine dimethyl ester analog and NLT 1.5
between nicardipine bis analog and nicardipine dimethyl ester analog, System suitability
solution

Relative standard deviation:  NMT 2%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the portion of the sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of nicardipine from the Standard solution
CS= concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Nicardipine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  See Table 1. Disregard peaks less than 0.01%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Nicardipine pyridine analoga 0.67 0.1
Nicardipine 1.00 —

Nicardipine dimethyl ester analogb 1.20 0.5

Nicardipine bis analogc 1.33 0.5
Any other individual unidentified impurity — 0.1
Total impurities — 1.0

a  3-{2-[Benzyl(methyl)amino]ethyl} 5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-
dicarboxylate dihydrochloride.

b  Dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate.
c  Bis{2-[benzyl(methyl)amino]ethyl} 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-

dicarboxylate dihydrochloride.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105 , protected from light, to constant weight.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tightly closed containers, protected from light.

•  USP Reference Standards 11
USP Nicardipine Hydrochloride RS 
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BRIEFING

Nicardipine Hydrochloride Injection. Because there is no existing USP monograph for this
drug product, a new monograph based on validated methods of analysis is proposed.

1. The liquid chromatographic procedure in the Assay is based on analyses performed using
the 5-µm Inertsil ODS 3V brand of L1 column. The typical retention time for
nicardipine is about 8.6 min.

2. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed using the 5-µm Inertsil ODS 2 brand of L1 column. The typical
retention time for nicardipine is about 26 min.

3. The liquid chromatographic procedure in Content of N-Benzyl-N-methyl-ethanolamine is
based on analyses performed using the 5-µm Inertsil ODS 3 brand of L1 column. The
typical retention time for N-benzyl-N-methyl-ethanolamine is about 8.3 min.

4. The liquid chromatographic procedure in Content of Sorbitol is based on analyses
performed using the 5-µm Zorbax NH2 brand of column containing packing L8. The
typical retention time for sorbitol is about 8.3 min.

(SM2: S. Ramakrishna.)
Correspondence Number—C103695

Comment deadline: September 30, 2013

Add the following:
Nicardipine Hydrochloride Injection

DEFINITION

Nicardipine Hydrochloride Injection is a sterile solution of Nicardipine Hydrochloride. It contains
NTL 90.0% and NMT 110.0% each of the labeled amount of nicardipine hydrochloride
(C26H29N3O6·HCl) and sorbitol.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  1.36 g/L of potassium dihydrogen phosphate in water
Mobile phase:  Methanol and Buffer (800:200)
Diluent:  Acetonitrile and Buffer (50:50)
Standard solution:  0.1 mg/mL of USP Nicardipine Hydrochloride RS in Diluent. Sonication

may be used to aid in dissolution. Pass through a suitable filter of 0.45-µm pore size.
Discard the first 2–3 mL of filtrate.

Sample solution:  Nominally equivalent to 0.1 mg/mL of nicardipine hydrochloride in Diluent
from a suitable volume of Injection. Pass through a suitable filter of 0.45-µm pore size.
Discard the first 2–3 mL of filtrate. [Note—Sample solution is stable for about 26 h.]

Chromatographic system  

1S (USP36)

PF 39(4): Jul.-Aug. 2013 362



(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  NLT 2 times the retention time of nicardipine

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of the labeled amount of nicardipine hydrochloride
(C26H29N3O6·HCl) in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of nicardipine from the Sample solution
rS= peak area of nicardipine from the Standard solution
CS= concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Limit of N-Benzyl-N-methyl-ethanolamine

Solution A:  Dissolve 2.80 g of sodium perchlorate monohydrate in 1 L of water. Adjust with
perchloric acid to a pH of 2.5.

Solution B:  Acetonitrile and methanol (500:500)
Diluent:  Acetonitrile and water (20:80)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 95 5
10 82 18
12 20 80
22 20 80
24 95 5
32 95 5

Standard solution:  2.5 µg/mL of USP N-Benzyl-N-methyl-ethanolamine RS in Diluent
prepared as follows. To a suitable amount of USP N-Benzyl-N-methyl-ethanolamine RS,
add Diluent to 70% of the final volume. Sonicate to dissolve. Cool, and dilute with Diluent
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to volume. Pass the solution through a suitable filter of 0.45-µm pore size.
Sample solution:  Nominally equivalent to 0.5 mg/mL of nicardipine hydrochloride in Diluent

from a suitable volume of Injection. Pass the solution through a suitable filter of 0.45-µm
pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Temperatures 

Column:  30

Sample:  10
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of N-benzyl-N-methyl-ethanolamine in the portion of Injection
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of N-benzyl-N-methyl-ethanolamine in the Sample solution
rS= peak response of N-benzyl-N-methyl-ethanolamine in the Standard solution
CS= concentration of USP N-Benzyl-N-methyl-ethanolamine RS in the Standard solution

(mg/mL)
CU= nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  NMT 0.7%

•  Organic Impurities
Solution A:  3.5 g/L of sodium perchlorate monohydrate in water. Add 1 mL/L of

triethylamine, and adjust with perchloric acid to a pH of 2.0.
Solution B:  Acetonitrile and methanol (700:300)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 70 30
15 70 30
55 35 65
60 35 65
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62 70 30
70 70 30

Standard solution:  0.02 mg/mL of USP Nicardipine Hydrochloride RS in methanol prepared
as follows. To a suitable amount of USP Nicardipine Hydrochloride RS, add methanol to
60% of the final volume. Sonicate to dissolve. Cool, and dilute with methanol to volume.
Pass the solution through a suitable filter of 0.45-µm pore size.

Sample solution:  Nominally equivalent to 2 mg/mL of nicardipine hydrochloride in methanol
from a suitable volume of Injection. Pass the solution through a suitable filter of 0.45-µm

pore size. [Note—Sample solution is stable for about 42 h at 10 .]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 239 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Temperatures 

Column:  50

Sample:  10
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 30000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of nicardipine from the Standard solution
CS= concentration of nicardipine hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of nicardipine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Nicardipine monoacida 0.72 1.00 0.2

Nicardipinepyridine analogb 0.94 0.42 0.9
Nicardipine 1.00 1.00 —
Any unspecified degradation impurity — — 0.2

PF 39(4): Jul.-Aug. 2013 365



Total impuritiesc — — 3.5

a  5-(Methoxycarbonyl)-2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3-carboxylic
acid.

b  3-{2-[Benzyl(methyl)amino]ethyl} 5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5-
dicarboxylate.

c  Total impurities include the sum of all organic impurities and N-benzyl-N-methyl-
ethanolamine.

OTHER COMPONENTS
•  Content of Sorbitol

Buffer:  1 g/L of tetrabutylammonium hydrogen sulfate in water
Mobile phase:  Acetonitrile and Buffer (700:300)
Standard solution:  4.8 mg/mL of USP Sorbitol RS in Mobile phase. Pass the solution

through a suitable filter of 0.45-µm pore size. Sonication may be necessary to aid in
dissolution.

Sample solution:  Nominally equivalent to 4.8 mg/mL of sorbitol in Mobile phase from the
contents of NLT 3 injection vials. Pass the solution through a suitable filter of 0.45-µm
pore size. [Note—Sample solution is stable for abour 24 h.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index

Sensitivity:  32
Column:  4.6-mm × 25-cm; 5-µm packing L8
Flow rate:  1 mL/min
Temperatures 

Column:  40

Detector:  50
Injection volume:  25 µL

Run time:  NLT 2 times the retention time of sorbitol
System suitability 

Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of sorbitol in the portion of Injection
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of sorbitol from the Sample solution
rS= peak response of sorbitol from the Standard solution
CS= concentration of sorbitol in the Standard solution (mg/mL)
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CU= nominal concentration of sorbitol in the Sample solution (mg/mL)
Acceptance criteria 90.0%–110.0%

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 8.33 USP Endotoxin Units/mg of nicardipine
hydrochloride

•  Sterility Tests 71 : Meets the requirements

•  pH 791 : 3.0–3.9

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Other Requirements: Meets the requirements for Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose amber glass vials.
•  Labeling: Label it to indicate that it is to be diluted to the appropriate strength with a

suitable intravenous fluid prior to administration.

•  USP Reference Standards 11
USP N-Benzyl-N-methyl-ethanolamine RS 

2-[Benzyl(methyl)amino]ethanol.     
C10H15NO      165.23

USP Endotoxin RS
USP Nicardipine Hydrochloride RS 
USP Sorbitol RS  

d-Glucitol;     
(2S,3R,4R,5R)-Hexane-1,2,3,4,5,6-hexol.     
C6H14O6      182.17

BRIEFING

Oxaprozin, USP 36 page 4621. As part of USP's modernization initiative, it is proposed to revise
the monograph as follows:

1. Replace the titration procedure in the Assay with an HPLC method that was validated
using the Inertsil C8-3 brand of L7 column. The typical retention time for oxaprozin is
about 12 min. Revise the Acceptance criteria from NLT 98.5% and NMT 101.5% to
NLT 98.0% and NMT 102.0% to reflect the change in the Assay procedure.

2. Replace Identification test B with an HPLC retention time agreement based on the
proposed chromatographic procedure for the Assay.

(SM2: H. Cai.)
Correspondence Number—C120149

Comment deadline: September 30, 2013
Oxaprozin

2S (USP37)
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C18H15NO3       293.32 

2-Oxazolepropanoic acid, 4,5-diphenyl-;     
4,5-Diphenyl-2-oxazolepropionic acid     [21256-18-8].

DEFINITION

Change to read:

Oxaprozin contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0%

of oxaprozin (C18H15NO3), calculated on the dried basis.
[Note—Because of light sensitivity, protect all oxaprozin samples and standard solutions from
light.]

IDENTIFICATION

•  A. Infrared Absorption 197K : Previously dried at 105  for 2 h

Change to read:

•  B. Ultraviolet Absorption 197U
Analytical wavelength:  285 nm
Medium:  Methanol

Solution:  10 µg/mL , by using previously dried specimen at 105  for 2 h
Acceptance criteria:  The absorbance is between 0.455 and 0.495.

The retention time of the oxaprozin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Sample solution:  Dissolve about 400 mg of Oxaprozin, previously dried at 105  for 2 h, in
about 100 mL of alcohol in a narrow-mouth container.

Analysis:  Titrate the Sample solution with 0.1 N sodium hydroxide VS, determining the

endpoint potentiometrically (see Titrimetry 541 ). Each mL of 0.1 N sodium hydroxide
is equivalent to 29.332 mg of oxaprozin.

Acceptance criteria:  98.5%–101.5% on the dried basis

2S (USP37)
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Solution A:  0.1% phosphoric acid, pH 2.0 ± 0.1
Mobile phase:  Solution A and acetonitrile (550:450)
Standard solution:  0.2 mg/mL of USP Oxaprozin RS in acetonitrile
Sample solution:  0.2 mg/mL of Oxaprozin in acetonitrile
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 285 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  25
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of oxaprozin (C18H15NO3), in the portion of Oxaprozin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of oxaprozin from the Sample solution
rS= peak response of oxaprozin from the Standard solution
CS= concentration of USP Oxaprozin RS in the Standard solution (mg/mL)
CU= concentration of Oxaprozin in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.3%

•  Arsenic, Method II 211 : NMT 1 ppm

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Solution A:  0.1% phosphoric acid adjusted with phosphoric acid to a pH of 2.00 ± 0.1
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 70 30
20 70 30
21 70 30
60 0 100
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61 70 30
70 70 30

Diluent A:  Acetonitrile, methylene chloride, and water (48:1:1)
Diluent B:  Acetonitrile and water (1:1)
Standard stock solution:  200 µg/mL of USP Oxaprozin RS in acetonitrile
Standard solution:  5 µg/mL of USP Oxaprozin RS in Diluent A from the Standard stock

solution
System suitability stock solution:  200 µg/mL of benzil in acetonitrile
System suitability solution:  10 µg/mL each of benzil and USP Oxaprozin RS in Diluent A

from the System suitability stock solution and Standard stock solution, respectively
Sample solution A:  1 mg/mL of Oxaprozin prepared as follows. Transfer about 100 mg of

Oxaprozin to a 100-mL volumetric flask. Add 2 mL of methylene chloride, 2 mL of water,
and 75 mL of acetonitrile. Sonicate after each solvent is added. Dilute with acetonitrile to
volume. [Note—This is used to monitor all known and unknown impurities, except imidazolic
acid and oximide.]

Sample solution B:  1 mg/mL of Oxaprozin in Diluent B. [Note—This is used to monitor only
imidazolic acid and oximide.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 238 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for oxaprozin and benzil are about 1.0 and 1.1,

respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between oxaprozin and benzil, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Sample solution A and Sample solution B

Calculate the percentage of imidazolic acid and oximide in the portion of Oxaprozin taken:

Result = (rU/rT) × F × 100

rU= peak areas of imidazolic acid or oximide from Sample solution B
rT= sum of the peak areas from Sample solution B
F= relative response factor (see Table 2)

Calculate the percentage of any other impurity in the portion of Oxaprozin taken: 

Result = (rU/rT) × F × 100

rU= peak area of each other impurity from Sample solution A
rT= sum of the peak areas from Sample solution A
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F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria, 
NMT (%)

Imidazolic acid 0.14 1.15 0.1
Unidentified impurity 1 0.42 1.21 0.1
Oximide 0.73 0.91 0.1
Unidentified impurity 2 0.84 0.85 0.1
Unidentified impurity 3 1.08 1.29 0.1
Unidentified impurity 4 1.50 1.46 0.1
Unidentified impurity 5 1.57 2.09 0.1
Total impurities — — 0.5

[Note—The values of F for all known impurities, except imidazolic acid and oximide, are
found using Sample solution A. The values of F for imidazolic acid and oximide are found
using Sample solution B.]

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 0.3%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature.

•  USP Reference Standards 11
USP Oxaprozin RS 

BRIEFING

Water O 15 Injection, USP 36 page 4650. The monograph for this article was developed to
support IND and research uses before the existence of PET GMP standards (21 CFR 212). The
current FDA guidance requires that PET drugs intended for clinical use be produced according
to an approved NDA/ANDA. This applies to commercially distributed PET drugs, as well as to
those prepared at medical institutions for internal use. Under the present PET GMP guidance,
this article is a nonapproved PET drug. More details on this topic may be found at J. Nucl.
Med., 2013;54: 472–475. Hence, it is proposed to omit this monograph from USP. When this
article gains FDA approval, the monograph could be reintroduced into USP via the
Pharmacopeial Forum process with the FDA-approved test procedures and acceptance criteria.
Interested parties are encouraged to submit their comments on or before September 30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C128892

Comment deadline: September 30, 2013

Delete the following:
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Water O 15 Injection*

» Water O 15 Injection is a sterile solution of H2
15O in Sodium Chloride

Injection suitable for intravenous injection, in which a portion of the

molecules are labeled with radioactive 15O (see Positron Emission

Tomography Drugs for Compounding, Investigational, and Research Uses 

823 ). It contains not less than 90.0 percent and not more than 110.0

percent of the labeled amount of 15O expressed in MBq (or mCi) per mL at
the time indicated in the labeling.

Packaging and storage—Preserve in a single-dose container that is adequately shielded.

Labeling—Label it to include the following, in addition to the information specified for Labeling

under Injections 1 : the time and date of calibration; the amount of 15O as water expressed
as MBq (mCi) per mL, at time of calibration; total activity at time of calibration; the expiration
time and date; and the statement “Caution—Radioactive Material.” The labeling indicates that
in making dosage calculations, correction is to be made for radioactive decay and also indicates
that the radioactive half-life of 15O is 2.03 minutes. The label also includes the statement, “Do
not use if cloudy or if it contains particulate matter.”

USP Reference standards 11 —
USP Endotoxin RS

Identification—

A: Radionuclidic identity—Its half-life, determined using a suitable detector system (see

Radioactivity 821 ), is between 1.83 and 2.08 minutes.

B: Radiochemical identity—The retention time of the major peak in the chromatogram of the
Test solution corresponds to that of the water contained within the product formulation, as
obtained in the test for Radiochemical purity.

Bacterial endotoxins 85  (see Sterilization and Sterility Assurance under Positron Emission

Tomography Drugs for Compounding, Investigational, and Research Uses 823 )—It contains
not more than 175/V Endotoxin Unit per mL of Injection, in which V is the maximum
administered total dose, in mL, at the expiration time.

Sterility 71 : meets the requirements.

pH 791 : between 4.5 and 8.0.

Radiochemical purity—The gas chromatograph (see Chromatography 621 ) is equipped
with thermal conductivity and radioactivity detectors and a 0.53-mm × 30-m column coated

with a film of G16 stationary phase. The column temperature is maintained at 40 , and the

injector and detector temperatures are maintained at 250  and 200 , respectively. The carrier
gas is helium, flowing at a rate of about 10 mL per minute. Inject about 50 µL of the Injection
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into the chromatograph, record the chromatogram, and measure the responses for the major
peaks of both the radioactive and the nonradioactive detection systems (the volume of
Injection being adjusted, if necessary, to obtain suitable detection system sensitivity): the
column efficiency determined from the analyte peak is not less than 10,000 theoretical plates;
the tailing factor for the analyte peak is not more than 1.5; and the relative standard deviation
for replicate injections is not more than 5%. Not less than 95% of the radioactivity is Water O
15, and the retention time of the Water O 15 corresponds to the retention time of the water
contained within the product formulation.

Radionuclidic purity—Using a gamma-ray spectrometer (see Selection of a Counting Assembly

under Radioactivity 821 ), count an appropriate aliquot of the Injection for a period of time
sufficient to obtain a gamma spectrum. The resultant gamma spectrum should be analyzed for
the presence of identifiable photopeaks which are not characteristic of 15O emissions. Not less
than 99.5% of the observed gamma emissions should correspond to the 0.511 MeV, 1.022 MeV,
or Compton scatter peaks of 15O.

Chemical purity—This article can be synthesized by different methods and processes and,
therefore, may contain different impurities. The presence of unlabeled ingredients, reagents,
and by-products specific to the process must be controlled, and their potential for physiological
or pharmacological effects must be considered.

Heavy metals, Method I 231 : 5 ppm.

Other requirements—It meets the requirements under Injections 1 , except that the

Injection may be distributed or dispensed prior to completion of the test for Sterility 71 , the
latter being started within 24 hours of final manufacture, and except that it is not subject to
the recommendation for Container Content.

Assay for radioactivity—Using a suitable calibrated system as directed under Radioactivity 

821 , determine the radioactivity of the Injection, in MBq (or mCi) per mL.

*  Assignment of an official United States Adopted Name (USAN) is pending.

BRIEFING

Pentoxifylline, USP 36 page 4738. As a part of USP monograph modernization efforts, it is
proposed to replace the Ultraviolet Absorption based Identification test B with the retention
time agreement of the pentoxifylline peak in accordance with the Assay. In addition, the
non-specific test for Melting Range or Temperature is deleted as the other tests in the
monograph can adequately monitor the quality of the drug substance.

(SM2: S. Ramakrishna.)
Correspondence Number—C130529

Comment deadline: September 30, 2013
Pentoxifylline

2S (USP37)
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C13H18N4O3       278.31 

1H-Purine-2,6-dione, 3,7-dihydro-3,7-dimethyl-1-(5-oxohexyl)-;     
1-(5-Oxohexyl)theobromine     [6493-05-6].

DEFINITION

Pentoxifylline contains NLT 98.0% and NMT 102.0% of pentoxifylline (C13H18N4O3).

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Analytical wavelength:  274 nm
Sample solution:  0.01 mg/mL
Acceptance criteria:  Absorptivities, calculated on the dried basis, differ by NMT 3.0%.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Solution A:  1 g/L of perchloric acid
Mobile phase:  Methanol, tetrahydrofuran, acetonitrile, and Solution A (2: 2.5: 15: 80)
System suitability solution:  0.024 mg/mL of caffeine and 0.048 mg/mL of USP

Pentoxifylline RS in Mobile phase
Standard solution:  0.05 mg/mL of USP Pentoxifylline RS in Mobile phase
Sample solution:  0.05 mg/mL of Pentoxifylline in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 273 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  0.7 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution

2S (USP37)
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Suitability requirements 
Resolution:  NLT 10.0 between caffeine and pentoxifylline, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of pentoxifylline (C13H18N4O3) in the portion of Pentoxifylline
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Pentoxifylline RS in the Standard solution (mg/mL)
CU= concentration of Pentoxifylline in the Sample solution (mg/mL)
Acceptance criteria:  98.0%–102.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221
Sample:  2.0 g
Acceptance criteria:  The Sample shows no more chloride than corresponds to 0.31 mL of

0.020 N hydrochloric acid (0.011%).

•  Chloride and Sulfate, Sulfate 221
Sample:  1.0 g
Acceptance criteria:  The Sample shows no more sulfate than corresponds to 0.20 mL of

0.020 N sulfuric acid (0.02%).

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Solution A and Mobile phase:  Prepare as directed in the Assay.
System suitability solution:  0.7 µg/mL of caffeine and 350 µg/mL of USP Pentoxifylline RS

in Mobile phase
Standard solution:  0.7 µg/mL of USP Pentoxifylline RS in Mobile phase
Sample solution:  350 µg/mL of Pentoxifylline in Mobile phase
Chromatographic system:  Proceed as directed in the Assay except for the following:

Injection volume:  20 µL
Run time:  NLT 5 times the retention time for pentoxifylline

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 10.0 between caffeine and pentoxifylline, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Measure the areas of all the peaks in the Sample solution, except for that of
pentoxifylline. 
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Calculate the percentage of each impurity in the portion of Pentoxifylline taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of pentoxifylline from the Standard solution
CS= concentration of USP Pentoxifylline RS in the Standard solution (µg/mL)
CU= concentration of Pentoxifylline in the Sample solution (µg/mL)
Acceptance criteria:  

Individual impurities:  NMT 0.2%
Total impurities:  NMT 0.5%

SPECIFIC TESTS

•  Completeness of Solution 641
Sample solution:  1 g in 50 mL of carbon dioxide-free water
Acceptance criteria:  Meets the requirements

Delete the following:

•  Melting Range or Temperature, Class I 741 : 104 –107  
•  Acidity

Sample solution:  1 g in 50 mL of carbon dioxide-free water
Analysis:  To the Sample solution add 1 drop of bromothymol blue TS.
Acceptance criteria:  NMT 0.2 mL of 0.01 N sodium hydroxide is required to produce a color

change.

•  Loss on Drying 731 :

Analysis:  Dry under vacuum at 60  for 3 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Pentoxifylline RS 

BRIEFING

Phenoxybenzamine Hydrochloride Compounded Oral Suspension. Because there is no
existing USP monograph for this dosage form, the following new monograph is proposed. The
liquid chromatographic procedures in the Assay are based on analyses validated using the
Waters Symmetry C18 brand of L1 column. The typical retention time for phenoxybenzamine
hydrochloride is about 5.2 min.

(CMP: J. Sun, R.Schnatz.)
Correspondence Number—C127937

Comment deadline: September 30, 2013

Add the following:
Phenoxybenzamine Hydrochloride Compounded Oral Suspension

DEFINITION

2S (USP37)
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Phenoxybenzamine Hydrochloride Compounded Oral Suspension contains NLT 90.0% and NMT
110.0% of the labeled amount of phenoxybenzamine hydrochloride (C18H22ClNO·HCl). 
Prepare Phenoxybenzamine Hydrochloride Compounded Oral Suspension 10 mg/mL as follows

(see Pharmaceutical Compounding—Nonsterile Preparations 795 .

Phenoxybenzamine Hydrochloride powder 1 g
Corn Oil, NF, a sufficient quantity to make 100 mL

Pour the weighed Phenoxybenzamine Hydrochloride powder into a suitable mortar. Wet the
powder with a small amount of Corn Oil, and triturate to make a smooth paste. Add the Corn Oil
to make the mortar contents pourable. Transfer the contents of the mortar, stepwise and
quantitatively, to a calibrated container using the Corn Oil to rinse the mortar. Add sufficient
Corn Oil to bring the preparation to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  25 mM monobasic potassium phosphate adjusted with phosphoric acid to a pH
of 3.1

Mobile phase:  Acetonitrile and Solution A (70:30)
Diluent:  Prepare a mixture of 20 mL of acetonitrile and 80 mL of isopropyl alcohol in a

conical flask. Add 10 g of anhydrous sodium sulfate to the flask, shake well for 1 min, and
allow the sodium sulfate to precipitate to the bottom. [Note—The addition of anhydrous
sodium sulfate removes trace amounts of water in the solvent.]

Standard solution:  0.5 mg/mL of phenoxybenzamine hydrochloride prepared from USP
Phenoxybenzamine Hydrochloride RS in acetonitrile

Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 0.5 mL of the
Oral Suspension into a 10-mL volumetric flask, dilute with Diluent to volume, and mix well
to dissolve.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for phenoxybenzamine hydrochloride is about 5.2 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of phenoxybenzamine hydrochloride
(C18H22ClNO·HCl) in the portion of Oral Suspension taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of phenoxybenzamine hydrochloride from the Sample solution
rS= peak response of phenoxybenzamine hydrochloride from the Standard solution
CS= concentration of phenoxybenzamine hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of phenoxybenzamine hydrochloride in the Sample solution

(mg/mL)
Acceptance criteria:  90.0%–110.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

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

at controlled cold temperature or controlled room temperature
•  Labeling: Label it to indicate that it is to be well-shaken immediately before use, and to

state the Beyond-Use Date.

•  USP Reference Standards 11
USP Phenoxybenzamine Hydrochloride RS 

BRIEFING

Piroxicam Compounded Oral Suspension. Because there is no existing USP monograph for
this dosage form, the following new monograph is proposed. The liquid chromatographic
procedures in the Assay are based on analyses validated using the Waters Nova-Pak C8
brand of L7 column. The typical retention time for piroxicam is about 4.0 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C127920

Comment deadline: September 30, 2013

Add the following:
Piroxicam Compounded Oral Suspension

DEFINITION

Piroxicam Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of piroxicam (C15H13N3O4S). 
Prepare Piroxicam Compounded Oral Suspension 10 mg/mL as follows (see Pharmaceutical

Compounding—Nonsterile Preparations 795 .

Piroxicam powder 1 g
Ora-Blend,a a sufficient quantity to make 100 mL

a  Perrigo, Minneapolis, MN.

Pour the weighed Piroxicam powder into a suitable mortar. Wet the powder with a small amount
of Ora-Blend, and triturate to make a smooth paste. Add the Ora-Blend in small portions almost
to volume, and mix thoroughly after each addition. Transfer the contents of the mortar,
stepwise and quantitatively, to a calibrated container. Add sufficient Ora-Blend to bring the

2S (USP37)
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preparation to final volume. Shake to mix well.

ASSAY
•  Procedure

Mobile phase:  Mix 500 mL of methanol and 500 mL of 0.1 M sodium acetate, and adjust
with phosphoric acid to a pH of 4.0. Add 10 mL of acetonitrile, filter, and degas.

Standard solution:  0.2 mg/mL of piroxicam prepared from USP Piroxicam RS in methanol
Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 1.0 mL of the

Oral Suspension into a 50-mL volumetric flask, dilute with methanol to volume, and mix
well to dissolve. Pass through a PVDF filter of 0.45-µm pore size, discarding the first 3 mL
of filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 361 nm
Column:  3.9-mm × 15-cm; 4-µm packing L7
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for piroxicam is about 4.0 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of piroxicam (C15H13N3O4S) in the portion
of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of piroxicam from the Sample solution
rS= peak response of piroxicam from the Standard solution
CS= concentration of piroxicam in the Standard solution (mg/mL)
CU= nominal concentration of piroxicam in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 3.7–4.7

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

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

at controlled cold temperature or controlled room temperature
•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
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Beyond-Use Date.

•  USP Reference Standards 11
USP Piroxicam RS 

BRIEFING

Plicamycin, USP 36, page 4821. It is proposed to omit the monograph for the following
reasons. No drug products formulated with Plicamycin are currently marketed in the United
States. Drug products containing Plicamycin are currently not used in veterinary medicine in the
United States.

(SM1: A. Wise.)    Correspondence Number—C130880

Comment deadline: September 30, 2013

Delete the following:

Plicamycin

C52H76O24       1085.15 

Plicamycin. 
Plicamycin. 

[2S-[2 ,3 (1R*,3R*,4S*)]]-6-[[2,6-Dideoxy-3-O-(2,6-dideoxy- -d-arabino-hexopyranosyl)-

-d-arabino-hexopyranosyl]oxy]-2-[(O-2,6-dideoxy-3-C-methyl- -d-ribo-hexopyranosyl-

(1®4)-O-2,6-dideoxy- -d-lyxo-hexopyranosyl-(1®3)-2,6-dideoxy- -d-arabino-
hexopyranosyl)oxy]-3-(3,4-dihydroxy-1-methyl-2-oxopentyl)-3,4-dihydro-8,9-dihydroxy-7-
methyl-1(2H)-anthracenone [[18378-89-7]].

» Plicamycin has a potency of not less than 900 µg of C52H76O24 per mg,
calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant containers, at a temperature

between 2  and 8 .

USP Reference standards 11 —
USP Plicamycin RS

Identification—

2S (USP37)
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A: Infrared Absorption 197K .

B: The chromatogram obtained from the Assay preparation in the Assay exhibits a major peak
for plicamycin the retention time of which corresponds to that exhibited by the Standard
preparation, and the chromatogram compares qualitatively to that obtained from the Standard
preparation.

Crystallinity 695 :meets the requirements.

pH 791 :between 4.5 and 5.5, in a solution containing 0.5 mg per mL.

Loss on drying 731 —Dry about 100 mg, accurately weighed, in vacuum at a pressure not

exceeding 5 mm of mercury at 25  for 4 hours: it loses not more than 8.0% of its weight.

Assay—[Note—Prepare solutions of plicamycin in low-actinic glassware.]

Mobile phase— Prepare a suitable filtered and degassed mixture of 650 mL of 0.01 M phosphoric
acid and 350 mL of acetonitrile.

Standard preparations— Dissolve an accurately weighed quantity of USP Plicamycin RS in Mobile
phase to obtain a solution having a concentration of 500 µg of plicamycin per mL. Dilute this
solution with Mobile phase to obtain solutions containing 50, 100, and 150 µg of plicamycin per
mL.

Assay preparation— Transfer about 5 mg of Plicamycin, accurately weighed, to a 50-mL
volumetric flask. Dissolve in Mobile phase, dilute with Mobile phase to volume, and mix.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 278-nm detector and a 4.6-mm × 25-cm column that contains packing L1. The flow rate
is about 1.3 mL per minute. Chromatograph replicate injections of the Standard preparation,
and record the peak responses as directed for Procedure: the relative standard deviation is not
more than 2.0%.

Procedure— Separately inject equal volumes (about 10 µL) of the Standard preparations and
the Assay preparation into the chromatograph by means of a suitable microsyringe or sampling
valve, record the chromatograms, and measure the responses for the major peaks. The
retention time is about 13 minutes for plicamycin. Plot the peak responses of the Standard
preparations versus concentration, in µg per mL, of plicamycin, and draw the straight line best
fitting the three plotted points. From the graph so obtained, determine the concentration, in µg
per mL, of plicamycin in the Assay preparation. Calculate the potency, in µg of C52H76O24 per
mg, taken by the formula:

(50C / W)

in which C is the concentration, in µg per mL, of plicamycin in the Assay preparation, and W is
the weight, in mg, of Plicamycin taken.

BRIEFING

Plicamycin for Injection, USP 36 page 4821. It is proposed to omit the monograph for the
following reasons. No drug products formulated as defined under Plicamycin for Injection are
currently marketed in the United States. The drug product is not currently used in veterinary
medicine in the United States.

2S (USP37)
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(SM1: A. Wise.)    Correspondence Number—C130880

Comment deadline: September 30, 2013

Delete the following:

Plicamycin for Injection

» Plicamycin for Injection is a sterile, dry mixture of Plicamycin and Mannitol.
It may contain a suitable buffer. It contains not less than 90.0 percent and
not more than 110.0 percent of the labeled amount of plicamycin
(C52H76O24).

Packaging and storage—Preserve in light-resistant Containers for Sterile Solids as described

under Injections 1 , at a temperature between 2  and 8 .

Labeling—Label it with the mandatory instruction to consult the professional information for
dosage and warnings, and with the warning that it is intended for hospital use only, under the
direct supervision of a physician.

USP Reference standards 11 —
USP Plicamycin RS
USP Endotoxin RS

Constituted solution—At the time of use, it meets the requirements for Constituted Solutions

under Injections 1 .

Identification—Transfer a suitable quantity to a centrifuge tube, add methanol to obtain a
solution having a concentration of about 0.5 mg of plicamycin per mL, mix, and centrifuge to
obtain a clear solution. Apply 100 µL of this solution and 100 µL of a Standard solution of USP
Plicamycin RS, similarly prepared to a suitable thin-layer chromatographic plate (see

Chromatography 621 ) coated with a 0.25-mm layer of chromatographic silica gel mixture.
Allow the spots to dry, and develop the chromatograms in a solvent system consisting of a
mixture chloroform and methanol (1:1) for about 60 minutes. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate. Spray the
plate with a (1:1) mixture of ferric chloride solution (1 in 100) and potassium ferricyanide
solution (1 in 100). Observe the blue spots under a long-wavelength UV light: the RF value of
the principal spot obtained from the test solution corresponds to that obtained from the
Standard solution (RF about 0.7). Spots of trace components at RF values of about 0.4 and 0.5
are not more intense than similar spots obtained from the Standard solution.

Bacterial endotoxins 85 —It contains not more than 100.0 USP Endotoxin Units per mg of
plicamycin.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

pH 791 :between 5.0 and 7.5, in the solution constituted as directed in the labeling.
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Water, Method I 921 :not more than 2.0%.

Assay—[Note—Prepare solutions of plicamycin in low-actinic glassware.]

Mobile phase, Standard preparation, and Chromatographic system— Proceed as directed in the
Assay under Plicamycin.

Assay preparation— Dilute the contents of 1 container of Plicamycin for Injection quantitatively
with Mobile phase to obtain a solution containing about 100 µg of plicamycin per mL.

Procedure— Proceed as directed for Procedure in the Assay under Plicamycin. Calculate the
quantity, in mg, of plicamycin (C52H76O24) in the container by the formula:

C(L / D)

in which C is the concentration, in µg per mL, of plicamycin in the Assay preparation; L is the
labeled quantity, in mg, of plicamycin in the container; and D is the concentration, in µg per
mL, of plicamycin in the Assay preparation on the basis of the labeled quantity in the container
and the extent of dilution.

BRIEFING

Prednisolone Compounded Oral Suspension, Veterinary. Because there is no existing USP
monograph for this dosage form, the following new monograph is proposed. The liquid
chromatographic procedure in the Assay is based on an analysis validated using a
Phenomenex Luna 4.6-mm × 15-cm column that contains 3-µm packing L1. The typical
retention time for prednisolone is about 6.6 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C127932

Comment deadline: September 30, 2013

Add the following:
Prednisolone Compounded Oral Suspension, Veterinary

DEFINITION

Prednisolone Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of
the labeled amount of prednisolone (C21H28O5). 
Prepare Prednisolone Compounded Oral Suspension, Veterinary, 20 mg/mL, as follows (see

Pharmaceutical Compounding—Nonsterile Preparations 795 .

Prednisolone powder 2 g
Purified Water a small amount
Syrup, NF, a sufficient quantity to make 100 mL

Pour the weighed Prednisolone powder into a suitable mortar. Wet the powder with a small
amount of Purified Water, and triturate to make a smooth paste. Add the Syrup in small
portions almost to volume, and mix thoroughly after each addition. Transfer the contents of the
mortar stepwise and quantitatively to a calibrated container. Add sufficient Syrup to bring the
preparation to final volume. Shake to mix well.

2S (USP37)
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ASSAY
•  Procedure

Mobile phase:  Acetonitrile and water (30:70). Filter, and degas.
System suitability solution:  1 mg/mL of USP Prednisolone RS and 0.06 mg/mL of USP

Hydrocortisone RS in Mobile phase
Standard solution:  0.2 mg/mL of prednisolone prepared from USP Prednisolone RS in Mobile

phase
Sample solution:  Shake thoroughly each bottle of Oral Suspension, Veterinary. Transfer

1.0 mL of the Oral Suspension, Veterinary into a 100-mL volumetric flask, and dilute with
Mobile phase to volume to obtain a solution having a nominal concentration of 0.2 mg/mL
of prednisolone.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 246 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for prednisolone and hydrocortisone are about 1.0 and

1.06, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between prednisolone and hydrocortisone, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution
Peak-to-valley ratio:  The ratio of the height of the smallest peak to the height of the

valley between the prednisolone and hydrocortisone peak is NLT 2, System suitability
solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of prednisolone (C21H28O5) in the portion
of Oral Suspension, Veterinary taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of prednisolone from the Sample solution
rS= peak response of prednisolone from the Standard solution
CS= concentration of prednisolone in the Standard solution (mg/mL)
CU= nominal concentration of prednisolone in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 2.6–3.6
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the

Beyond-Use Date. Label it to state that it is for veterinary use only.
•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at controlled cold temperature or controlled room temperature

•  USP Reference Standards 11
USP Hydrocortisone RS 
USP Prednisolone RS 

BRIEFING

Prochlorperazine Maleate, USP 36 page 4912. As part of the USP monograph modernization
effort, the following revisions are proposed:

1. The nonspecific test for Ordinary Impurities has been replaced with a test for Organic
Impurities based on an HPLC procedure. This method has been validated using a
Waters XBridge C18 brand of L1 column. The typical retention time for
prochlorperazine is about 20 min. The Waters Symmetry C18 L1 column was also
found to be suitable.

2. The second chemical name in the Chemical Information section is revised to be
consistent with the naming convention for specified impurities listed in the Table and
for the new USP Prochlorperazine Related compound A RS.

3. The Note regarding protection of the samples and solutions from light is revised to
provide more flexibility for users.

4. Storage requirements have been added to the Packaging and Storage section.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C101189

Comment deadline: September 30, 2013
Prochlorperazine Maleate

Change to read:

C20H24ClN3S·2C4H4O4       606.09 

10H-Phenothiazine, 2-chloro-10-[3-(4-methyl-1-piperazinyl)propyl]-, (Z)-2-butenedioate
(1:2);     
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2-Chloro-10-[3-(4-methyl-1-piperazinyl
4-methylpiperazin-1-yl

)propyl]phenothiazine maleate (1:2)     [84-02-6].

DEFINITION

Change to read:

Prochlorperazine Maleate contains NLT 98.0% and NMT 101.5% of prochlorperazine maleate
(C20H24ClN3S·2C4H4O4), calculated on the dried basis.
[Note—Throughout the following procedures, protect the samples, Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low–actinic glassware.
from light, and conduct the procedures without delay.

]

IDENTIFICATION

•  A. Infrared Absorption 197K

ASSAY
•  Procedure

Sample:  400 mg
Analysis:  Transfer the Sample to a beaker, and dissolve in 30 mL of chloroform, warming

on a steam bath to effect solution. Add 100 mL of glacial acetic acid, and cool to room
temperature. Titrate with 0.05 N perchloric acid VS, determining the endpoint

potentiometrically. Perform a blank determination (see Titrimetry 541 ). Each mL of
0.05 N perchloric acid is equivalent to 15.15 mg of prochlorperazine maleate
(C20H24ClN3S·2C4H4O4).

Acceptance criteria:  98.0%–101.5% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:

•  Ordinary Impurities 466
Standard solution: Methanol and 1 N sodium hydroxide (9:1)
Sample solution: Methanol and 1 N sodium hydroxide (9:1)
Eluant: Methanol and ammonium hydroxide (100:1)
Visualization: 1

Add the following:
•  Organic Impurities

Buffer:  1.36 g/L of sodium acetate trihydrate in water (0.01 M). Add 2.0 mL of
triethylamine and 6.0 mL of glacial acetic acid per L of solution.

Solution A:  Buffer
Solution B:  Acetonitrile
Mobile phase:  See Table 1. Return to original conditions, and re-equilibrate the system for

about 10 min.
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
20 65 35
25 65 35
55 35 65
65 35 65

Diluent:  Acetonitrile and water (40:60)
Impurity stock solution:  0.16 mg/mL of USP Prochlorperazine Related Compound A RS in

Diluent
Standard stock solution:  0.16 mg/mL of USP Prochlorperazine Maleate RS in Diluent
System suitability solution:  1.6 µg/mL of USP Prochlorperazine Maleate RS and 1.6 µg/mL

of USP Prochlorperazine Related Compound A RS in Diluent from the Standard stock
solution and the Impurity stock solution, respectively.

Standard solution:  6.4 µg/mL of USP Prochlorperazine Maleate RS in Diluent from the
Standard stock solution

Sensitivity solution:  0.32 µg/mL of USP Prochlorperazine Maleate RS in Diluent from the
Standard solution

Sample solution:  0.64 mg/mL of Prochlorperazine Maleate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50  ± 5
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.0 between prochlorperazine related compound A and
prochlorperazine, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the portion of Prochlorperazine
Maleate taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of prochlorperazine from the Standard solution
CS= concentration of USP Prochlorperazine Maleate RS in the Standard solution (mg/mL)
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CU= concentration of Prochlorperazine Maleate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. Disregard any peak below 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Maleic acid 0.07 — Disregard

Prochlorperazine sulfoxidea 0.20 0.38 0.15

Perazineb 0.66 1.0 0.15
Prochlorperazine 4-chloro isomer

(prochlorperazine related compound A)c 0.97 0.61 0.15
Prochlorperazine 1.00 — —

4-Chlorophenothiazined 2.01 1.9 0.1

2-Chlorophenothiazinee 2.08 2.1 0.1
Specified unknown 1 2.64 1.0 0.50
Specified unknown 2 2.79 1.0 0.50
Specified unknown 3 2.88 1.0 0.20
Any other individual impurity — 1.0 0.10
Total impurities — — 1.5

a  2-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine sulfoxide.
b  10-[3-(4-Methylpiperazin-1-yl)propyl]-10H-phenothiazine.
c  4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine.
d  4-Chloro-10H-phenothiazine.
e  2-Chloro-10H-phenothiazine.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample under vacuum at 60  for 2 h.
Acceptance criteria:   NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at room temperature.

Change to read:

•  USP Reference Standards 11
USP Prochlorperazine Maleate RS 
USP Prochlorperazine Related Compound A RS 

4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine dihydrochloride. 
C20H24ClN3S·2HCl      443.47
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BRIEFING

Prochlorperazine Maleate Tablets, USP 36 page 4912. As part of the USP monograph
modernization effort, the following revisions are proposed:

1. The test for Organic Impurities based on an HPLC procedure is added to the
monograph. This method has been validated using a Waters XBridge C18 brand of L1
column. The typical retention time for prochlorperazine is about 20 min. The Waters
Symmetry C18 L1 column was also found to be suitable.

2. The Note regarding protection of the samples and solutions from light is revised to
provide more flexibility for users.

3. The Sample solution in the Assay is revised to replace the quantity of prochlorperazine
maleate salt (20 mg) with the equivalent amount of prochlorperazine base (12 mg) to
be consistent with the label claim.

4. Storage requirements have been added to the Packaging and Storage section.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C101190

Comment deadline: September 30, 2013
Prochlorperazine Maleate Tablets

DEFINITION

Change to read:

Prochlorperazine Maleate Tablets contain an amount of Prochlorperazine Maleate equivalent to
NLT 95.0% and NMT 105.0% of the labeled amount of prochlorperazine (C20H24ClN3S).
[Note—Throughout the following procedures, protect the samples, Reference Standard, and
solutions containing them by conducting the procedures without delay, under subdued light, or
using low–actinic glassware.
from light, and conduct the procedures without delay.

]

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Ion-pairing solution:  Dissolve 4.33 g of sodium 1-octanesulfonate in 500 mL of water. Add
4.0 mL of glacial acetic acid, and dilute with water to 1 L.

Mobile phase:  Acetonitrile, methanol, and Ion-pairing solution (40:15:45)
Standard solution:  0.2 mg/mL of USP Prochlorperazine Maleate RS in Mobile phase
Sample solution:  Weigh and finely powder NLT 20 Tablets. Transfer a portion of the

powder, equivalent to about 20 mg of prochlorperazine maleate,
12 mg of prochlorperazine,

to a 100-mL volumetric flask. Add 60 mL of Mobile phase, sonicate for 3 min, and shake by
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mechanical means for 30 min. Dilute with Mobile phase to volume, and filter, discarding the
first 10 mL of filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of prochlorperazine (C20H24ClN3S) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Prochlorperazine Maleate RS in the Standard solution (mg/mL)
CU= nominal concentration of prochlorperazine in the Sample solution (mg/mL)
Mr1= molecular weight of prochlorperazine, 373.94
Mr2= molecular weight of prochlorperazine maleate, 606.09
Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 500 mL
Apparatus 2:  75 rpm
Time:  60 min
Standard solution:  USP Prochlorperazine Maleate RS at a known concentration in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter, and

dilute with Medium, if necessary, to a concentration that is similar to that of the Standard
solution.

Instrumental conditions 
Mode:  UV
Analytical wavelength:  254 nm

Tolerances:  NLT 75% (Q) of the labeled amount of prochlorperazine (C20H24ClN3S) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
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Add the following:
•  Organic Impurities

Buffer:  1.36 g/L of sodium acetate trihydrate in water (0.01 M). Add 2.0 mL of
triethylamine and 6.0 mL of glacial acetic acid per L of solution.

Solution A:  Buffer
Solution B:  Acetonitrile
Mobile phase:  See Table 1. Return to original conditions, and re-equilibrate the system for

about 10 min.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
20 65 35
25 65 35
55 35 65
65 35 65

Diluent:  Acetonitrile and water (40:60)
Impurity stock solution:  0.16 mg/mL of USP Prochlorperazine Related Compound A RS in

Diluent
Standard stock solution:  0.16 mg/mL of USP Prochlorperazine Maleate RS in Diluent
System suitability solution:  1.6 µg/mL of USP Prochlorperazine Maleate RS and 1.6 µg/mL

of USP Prochlorperazine Related Compound A RS in Diluent from the Standard stock
solution and the Impurity stock solution, respectively.

Standard solution:  6.4 µg/mL of USP Prochlorperazine Maleate RS in Diluent from the
Standard stock solution

Sample solution:  A nominal concentration of 0.4 mg/mL of prochlorperazine in Diluent,
prepared as follows. Transfer 20 Tablets to a suitable volumetric flask, using a 250-mL
volumetric flask for 5-mg Tablets and a 500-mL volumetric flask for 10-mg Tablets. Add
the Diluent to about 80% of the final flask volume, and sonicate with occasional swirling
for 10 min. Dilute with Diluent to volume. Centrifuge a portion of the solution, and use the
clear supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50  ± 5
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:   NLT 2.0 between prochlorperazine related compound A and
prochlorperazine, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 
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Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of prochlorperazine from the Standard solution
CS= concentration of USP Prochlorperazine Maleate RS in the Standard solution (mg/mL)
CU= nominal concentration of prochlorperazine in the Sample solution (mg/mL)
Mr1= molecular weight of prochlorperazine, 373.94
Mr2= molecular weight of prochlorperazine maleate, 606.09
F = relative response factor (see Table 2)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Maleic acid 0.07 — Disregard
Prochlorperazine sulfoxidea 0.20 0.38 0.2

Perazineb,c 0.66 — —

Prochlorperazine 4-chloro isomer
(prochlorperazine related compound A)c,d 0.97

— —

Prochlorperazine 1.00 — —

4-Chlorophenothiazinec,e 2.01 — —

2-Chlorophenothiazinec,f 2.08 — —

Specified unknown 1c 2.64 — —

Specified unknown 2c 2.79 — —

Specified unknown 3c 2.88 — —
Any other individual impurity — 1.0 0.2
Total impurities — — 2.0

a  2-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine sulfoxide.
b  10-[3-(4-Methylpiperazin-1-yl)propyl]-10H-phenothiazine.
c  Process impurity controlled in the drug substance. It is included for identification

purposes only. It should not be reported for the drug product, and should not be included
in the Total impurities.

d  4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine.
e  4-Chloro-10H-phenothiazine.
f  2-Chloro-10H-phenothiazine.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers, protected from light.
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Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Prochlorperazine Maleate RS 
USP Prochlorperazine Related Compound A RS

4-Chloro-10-[3-(4-methylpiperazin-1-yl)propyl]-10H-phenothiazine dihydrochloride. 
C20H24ClN3S·2HCl      443.47

BRIEFING

Proguanil Hydrochloride, USP 36 page 4918. As part of the USP monograph modernization
initiative, the following changes are proposed:

1. Replace the Assay based on perchloric acid titration with a stability-indicating HPLC
procedure. The liquid chromatographic procedure in the Assay is based on analyses
performed with a Zorbax SB-C8 brand of L7 column. The typical retention time for
proguanil is about 11.7 min.

2. Using a flexible monograph approach, add a Procedure 2 in the test for Organic
Impurities to control the potential impurities that may be present using a different
synthetic route. The liquid chromatographic procedure in the test for Organic
Impurities, Procedure 2 is based on analyses performed with a Zorbax SB-C8 brand
of L7 column. The typical retention time for proguanil is about 13.3 min.

3. Add a Labeling statement, and revise the section USP Reference Standards 11  to
include the Reference Standards added in Organic Impurities, Procedure 2.

(SM1: L. Santos.)
Correspondence Number—C100795

Comment deadline: September 30, 2013
Proguanil Hydrochloride

C11H16ClN5·HCl       290.19 

Biguanide, 1-(4-chlorophenyl)-5-isopropyl, hydrochloride;     
1-(p-Chlorophenyl)-5-isopropylbiguanide hydrochloride     [637-32-1].

DEFINITION

Proguanil Hydrochloride contains NLT 98.5% and NMT 101.0% of proguanil hydrochloride
(C11H16ClN5·HCl), calculated on the dried basis.
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IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Identification Tests—General, Chloride 191 : Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample solution:  Suspend 100 mg of Proguanil Hydrochloride in 20 mL of glacial acetic

acid, shake, and heat at 50  for 5 min. Cool to room temperature, and add 40 mL of
acetic anhydride.

Titrimetric system:  

(See Titrimetry 541 .)

Mode:  Direct titration
Titrant:  0.1 N perchloric acid
Endpoint detection:  Potentiometric

Analysis:  Titrate with Titrant, determining the endpoint potentiometrically. Perform a

blank determination (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is
equivalent to 14.51 mg of proguanil hydrochloride (C11H16ClN5·HCl).

Acceptance criteria:  98.5%–101.0% on the dried basis
Solution A:  0.65 g/L of 1-pentanesulfonic acid sodium salt and 7.0 g/L of sodium
perchlorate in water. Adjust with 1% trifluoroacetic acid to a pH of 3.0.
Solution B:  0.65 g/L of 1-pentanesulfonic acid sodium salt and 7.0 g/L of sodium

perchlorate in a mixture of methanol, acetonitrile, and water (400: 400: 200). Add 4 mL
of 1% trifluoroacetic acid to 1 L of this solution.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
20 40 60
25 75 25
35 75 25

Diluent:  Acetonitrile, methanol, and water (200:200:600)
Standard solution:  0.2 mg/mL of USP Proguanil Hydrochloride RS in Diluent
Sample solution:  0.2 mg/mL of Proguanil Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L7

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  20 µL
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System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of proguanil hydrochloride (C11H16ClN5·HCl) in the portion of
Proguanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of proguanil from the Sample solution
rS= peak response of proguanil from the Standard solution
CS= concentration of USP Proguanil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Proguanil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  98.5%–101.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Limit of Chloroaniline

Solution A:  3.45 g/L solution of sodium nitrite
Solution B:  50 g/L solution of ammonium sulfamate
Solution C:  1 mg/mL of naphthylethylenediamine dihydrochloride in water. Prepare

immediately before use.
Standard solution:  1.25 mg/L solution of chloroaniline
Sample solution:  Dissolve 100 mg in 1 mL of 2 N hydrochloric acid, and dilute with water

to 20 mL.

Analysis:  Cool the Sample solution to 5 . Add 1 mL of Solution A, and allow to stand at 5
for 5 min. Add 2 mL of Solution B, and allow to stand for 10 min. Add 2 mL of Solution C,
dilute with water to 50 mL, and allow to stand for 30 min.

Acceptance criteria:  Any red color produced is not more intense than that of a standard
prepared at the same time and in the same manner, using 20 mL of Standard solution (250
ppm).

Change to read:
•  Organic Impurities, Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.

Procedure 2 is recommended when proguanil related compound A, proguanil related
compound E, proguanil related compound F, and proguanil related compound G (see Table
3) may be present.]

Mobile phase:  Dissolve 3.78 g of sodium hexanesulfonate in a mixture of 1200 mL of
methanol, 800 mL of water, and 10 mL of glacial acetic acid.

Identification solution:  0.5 µg/mL of USP Proguanil Related Compound C RS in Mobile
phase.

System suitability stock solution:  0.5 µg/mL of USP Proguanil Related Compound D RS in
Mobile phase.
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System suitability solution:  Dilute 1 mL of the Standard stock solution with Mobile phase
to 200 mL. To 1 mL of the resulting solution, add 1 mL of System suitability stock solution.

Standard stock solution:  0.1 mg/mL of USP Proguanil Hydrochloride RS in Mobile phase
Standard solution:  0.2 µg/mL of USP Proguanil Hydrochloride RS from the Standard stock

solution in Mobile phase
Sample solution:  0.1 mg/mL of Proguanil Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 and 254 nm
Column:  4.6-mm × 12.5-cm; 5-µm packing L1, or 4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  At least 5 times the retention time of the proguanil peak at both wavelengths

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 5 between proguanil related compound D and proguanil, System
suitability solution at 230 nm

Relative standard deviation:  NMT 10.0%, Standard solution at 230 nm
Analysis 

Samples:  Identification solution, System suitability stock solution, Standard solution, and
Sample solution

[Note—The relative retention times for proguanil related compound D, proguanil, and
proguanil related compound C are about 0.46, 1.0, and 2.5, respectively.] 
Identify the components based on their relative retention times, and measure the
responses for the major peaks. 
Calculate the percentage of proguanil related compound C and proguanil related compound
D, as detected at 230 nm, in the portion of Proguanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of proguanil related compound C or proguanil related compound D from
the Sample solution

rS= peak response of proguanil from the Standard solution
CS= concentration of USP Proguanil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Proguanil Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any other impurity, as detected at 230 nm, in the portion of
Proguanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity at 230 nm from the Sample solution
rS= peak response of proguanil at 230 nm from the Standard solution
CS= concentration of USP Proguanil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Proguanil Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any other impurity, as detected at 254 nm, in the portion of
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Proguanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity at 254 nm from the Sample solution
rS= peak response of proguanil at 254 nm from the Standard solution
CS= concentration of USP Proguanil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Proguanil Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of total impurities as the sum of the calculated percentage
contents of known and unknown impurities, considering each peak at the wavelength at
which the peak shows the higher value.

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Proguanil related compound Da 0.46 0.2
Proguanil 1.0 —
Proguanil related compound Cb 2.5 0.2
Any other impurityc — 0.1
Total impurities — 0.5

a  1,5-Diisopropylbiguanide or 1,5-Bis(1-methylethyl)biguanide.
b  1,5-Bis(4-chlorophenyl)biguanide.
c  Disregard any peak below 0.05%.

Add the following:
•  Organic Impurities, Procedure 2

Solution A, Solution B, Mobile phase, and Diluent:  Proceed as directed in the Assay.
Standard stock solution:  0.2 mg/mL each of USP Proguanil Related Compound A RS, USP

Proguanil Related Compound C RS, USP Proguanil Related Compound D RS, USP Proguanil
Related Compound E RS, USP Proguanil Related Compound F RS, and USP Proguanil Related
Compound G RS in Diluent

Standard solution:  0.2 µg/mL of USP Proguanil Hydrochloride RS and 0.2 µg/mL each of
USP Proguanil Related Compound A RS, USP Proguanil Related Compound C RS, USP
Proguanil Related Compound D RS, USP Proguanil Related Compound E RS, USP Proguanil
Related Compound F RS, and USP Proguanil Related Compound G RS in Diluent from the
Standard stock solution

System suitability solution:  0.2 mg/mL of USP Proguanil Hydrochloride RS and 2 µg/mL
each of USP Proguanil Related Compound A RS, USP Proguanil Related Compound C RS,
USP Proguanil Related Compound D RS, USP Proguanil Related Compound E RS, USP
Proguanil Related Compound F RS, and USP Proguanil Related Compound G RS in Diluent
from the Standard stock solution

Sample solution:  0.2 mg/mL of Proguanil Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 7.5-cm; 3.5-µm packing L7

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 2.0 between proguanil and proguanil related compound G
Tailing factor:  NMT 2.0 for proguanil
Relative standard deviation:  NMT 2.0% for the proguanil peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each proguanil related compound and any other impurity in
the portion of Proguanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the proguanil related compound or any other impurity from the Sample
solution

rS= peak response of the corresponding proguanil related compound or proguanil (for
calculating any other impurity) from the Standard solution

CS= concentration of the corresponding proguanil related compound or proguanil
hydrochloride (for calculating any other impurity) in the Standard solution (mg/mL)

CU= concentration of Proguanil Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Proguanil related compound Aa 0.11 0.1
Proguanil related compound Db 0.34 0.1
Proguanil related compound Ec 0.51 0.1
Proguanil 1.00 —
Proguanil related compound Gd 1.05 0.1
Proguanil related compound Fe 1.38 0.1
Proguanil related compound Cf 1.49 0.1
Any other impurity — 0.10
Total impurities — 0.5
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a  1-Cyano-3-isopropylguanidine. 
b  1,5-Diisopropylbiguanide or 1,5-Bis(1-methylethyl) biguanide.

c  1-(4-Chlorophenyl)-3-cyanoguanidine.
d  1-(3-Chlorophenyl)-5-isopropylbiguanide.
e  1-(3,4-Dichlorophenyl)-5-isopropylbiguanide.
f  1,5-Bis(4-chlorophenyl)biguanide.

SPECIFIC TESTS
•  Acidity or Alkalinity

Sample:  400 mg
Analysis:  Add 0.4 mL of methyl red–methylene blue TS to 35 mL of water maintained at 60

–65 . Neutralize with either 0.01 N sodium hydroxide or 0.01 N hydrochloric acid to a gray
color. Add the Sample, and stir until completely dissolved.

Acceptance criteria:  The solution is gray or green. NMT 0.2 mL of 0.01 N hydrochloric acid
is required to change the color of the solution to reddish-violet.

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at

room temperature.

Add the following:
•  Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling

states with which Organic Impurities test the article complies. 

Change to read:

•  USP Reference Standards 11
USP Proguanil Hydrochloride RS
USP Proguanil Related Compound A RS 

1-Cyano-3-isopropylguanidine. 
C5H10N4      126.16

USP Proguanil Related Compound C RS 
1,5-Bis(4-chlorophenyl)biguanide.     
C14H13Cl2N5      322.19

USP Proguanil Related Compound D RS 
1,5-Bis(1-methylethyl)biguanide     or 
1,5-Diisopropylbiguanide.     
C8H19N5      185.27

USP Proguanil Related Compound E RS 
1-(4-Chlorophenyl)-3-cyanoguanidine. 
C8H7ClN4      194.62

USP Proguanil Related Compound F RS 

2S (USP37)

2S (USP37)

2S (USP37)
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1-(3,4-Dichlorophenyl)-5-isopropylbiguanide. 
C11H15Cl2N5      288.18

USP Proguanil Related Compound G RS 
1-(3-Chlorophenyl)-5-isopropylbiguanide. 
C11H16ClN5      253.73

BRIEFING

Propranolol Hydrochloride and Hydrochlorothiazide Extended-Release Capsules, USP
36 page 4949. It is proposed to omit this monograph because no drug products formulated as
defined under the drug product name are currently marketed in the United States, and the drug
product is currently not used in veterinary medicine in the United States.

(SM2: S. Ramakrishna.)    Correspondence Number—C129149

Comment deadline: September 30, 2013

Delete the following:

Propranolol Hydrochloride and Hydrochlorothiazide Extended-Release Capsules

» Propranolol Hydrochloride and Hydrochlorothiazide Extended-Release
Capsules contain not less than 90.0 percent and not more than 110.0
percent of the labeled amounts of propranolol hydrochloride (C16H21NO2·HCl)
and hydrochlorothiazide (C7H8ClN3O4S2).

Packaging and storage—Preserve in well-closed containers.

USP Reference standards 11 —
USP Benzothiadiazine Related Compound A RS 
4-Amino-6-chloro-1,3-benzenedisulfonamide. 
C6H8ClN3O4S2      285.73
USP Hydrochlorothiazide RS
USP Propranolol Hydrochloride RS

Identification—

A: Transfer the contents of a number of Capsules, equivalent to about 100 mg of
hydrochlorothiazide, to a 20-mesh sieve. Break up any large lumps with the aid of a spatula,
and collect the powder that passes through the sieve. [Note—Retain the material on the
screen for Identification test B.] Transfer the powder that passed through the sieve to a
screw-capped, 35-mL centrifuge tube, add 5 mL of solvent hexane, and shake for 5 minutes.
Centrifuge, and discard the solvent. To the residue in the centrifuge tube add 10 mL of 1 N
sodium hydroxide, shake, and filter, collecting the filtrate in a separator. Wash the filter with 5
mL of water, and collect the washing in the separator. Add 50 mL of ether to the separator,
shake for 2 minutes, and allow the phases to separate. Drain the aqueous layer into a beaker,
adjust with 6 N hydrochloric acid to a pH of about 2, induce crystallization by scratching the
inner surface of the beaker with a glass rod, and allow to stand until crystallization is complete.

Collect the crystals on a filter, and dry at 105  for 30 minutes. Grind the crystals to a fine
powder: the IR absorption spectrum of a mineral oil dispersion of the powder so obtained
exhibits maxima only at the same wavelengths as that of a similar preparation of USP

2S (USP37)
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Hydrochlorothiazide RS.

B: Wash the material retained on the screen from Identification test A with a small amount of
water, discarding the washings. Transfer the particles remaining on the screen to a glass
mortar, add about 5 mL of water, and triturate the mixture with a glass pestle. Transfer the
suspension, with the aid of about 10 mL of water, to a 35-mL screw-capped centrifuge tube,
add about 1 mL of 1 N sodium hydroxide, and mix. Add about 15 mL of ether, and shake by
mechanical means for 5 minutes. Centrifuge the mixture, and transfer as much of the ether
layer as possible to a second centrifuge tube. Add 0.1 mL of hydrochloric acid to the ether
extract, and shake. Centrifuge, and discard the ether. Add about 15 mL of ether to the residue,
and shake by mechanical means for 5 minutes. Centrifuge, and discard the ether layer. Dry the

residue in vacuum at 45  for 30 minutes. Grind the crystals to a fine powder: the IR absorption
spectrum of a mineral oil dispersion of the powder so obtained exhibits maxima only at the same
wavelengths as that of a similar preparation of USP Propranolol Hydrochloride RS.

C: The retention times of the major peaks for propanolol hydrochloride and hydrochlorothiazide
in the chromatogram of the Assay preparation correspond to those exhibited in the
chromatogram of the Standard preparation, as obtained in the Assay.

Dissolution 711 —

pH 1.5 Buffer solution, pH 6.8 Buffer solution, Media, and Apparatus— Proceed as directed in
the test for Dissolution under Propranolol Hydrochloride Extended-Release Capsules.

Analytical method— Determine the amounts of hydrochlorothiazide (C7H8ClN3O4S2) and
propranolol hydrochloride (C16H21NO2·HCl) dissolved, using the following method.

Standard stock solution A— Prepare a solution of USP Propranolol Hydrochloride RS in dilute
hydrochloric acid (1 in 100) having a known concentration of about 0.4 mg per mL.

Standard stock solution B— Dissolve an accurately weighed quantity of USP Hydrochlorothiazide
RS in 0.25 N sodium hydroxide to obtain a solution having a concentration of about 25 mg per
mL. Quantitatively dilute this solution with water to obtain a solution having a known
concentration of about 0.5 mg per mL.

Standard solution— Prepare, by combining aliquots of Standard stock solutions A and B, and
diluting with dilute hydrochloric acid (1 in 100), solutions bracketing the expected
concentration of the samples at the various time points.

Times: 30 minutes; 1.5, 4, 8, 14, and 24 hours.

Procedure— Use an automatic analyzer consisting of a liquid sampler, a proportioning pump,
two UV spectrophotometers, and a manifold consisting of the components illustrated in the

diagram under Automated Methods of Analysis 16 . Start the sampler and conduct
determinations at a rate of 30 per hour, using a ratio of about 1:1 for the sample to wash time.
Calculate the amounts of C7H8ClN3O4S2 and C16H21NO2·HCl dissolved by comparison with the
Standard solution.

Tolerances (hydrochlorothiazide)— Use Acceptance Table 1. Not less than 80% (Q) of the
labeled amount of C7H8ClN3O4S2 is dissolved in 30 minutes.

Tolerances (propranolol hydrochloride)— The percentages of the labeled amount of
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C16H21NO2·HCl dissolved at the times specified conform to Acceptance Table 2.

Time (hours) Amount dissolved (%)

1.5 not more than 30%
4 between 35% and 60%
8 between 55% and 80%
14 between 70% and 95%
24 between 83% and 108%

Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to propranolol hydrochloride and to hydrochlorothiazide.

Procedure for content uniformity—

Apparatus— Use an automatic analyzer consisting of (1) a 20-channel peristaltic pump; (2) an
UV spectrophotometer equipped with a 10-mm flow cell and a 293-nm detector; (3) an UV
spectrophotometer equipped with a 10-mm flow cell and a 273-nm detector; (4) recording
devices for each of the two aforementioned detectors; and (5) a manifold consisting of
components illustrated in the pertinent diagram in the chapter Automated Methods of Analysis 

16 .

Standard hydrochlorothiazide stock solution— Dissolve an accurately weighed quantity of USP
Hydrochlorothiazide RS in methanol to obtain a solution having a known concentration of about
5 mg per mL.

Standard propranolol hydrochloride stock solution— Dissolve an accurately weighed quantity of
USP Propranolol Hydrochloride RS in methanol to obtain a solution having a known concentration
of about 5J mg per mL, J being the ratio of the labeled amount, in mg, of propranolol
hydrochloride to the labeled amount, in mg, of hydrochlorothiazide per Capsule.

Standard preparation— Transfer 10.0 mL of the Standard hydrochlorothiazide stock solution,
10.0 mL of the Standard propranolol hydrochloride stock solution, and 10.0 mL of methanol to a
100-mL volumetric flask, dilute with 0.12 N hydrochloric acid to volume, and mix.

Test preparations— Transfer the contents of an appropriate number of individual Capsules to
separate 100-mL volumetric flasks, rinsing each empty Capsule shell with 2 mL of methanol, and
adding the rinsings to the respective volumetric flasks. Add 28 mL of methanol to each flask,
and mix by mechanical means for 30 minutes. Dilute the contents of each flask with 0.12 N
hydrochloric acid to volume, and mix.

Procedure— With the sampler in the standby position, pump all reagents through the system
until a stable baseline is achieved. Activate the sampler, and allow one cycle to pass without
introducing the Standard preparation or the Test preparations, then introduce a 5-mL portion
of the Standard preparation into the sampler for the next two cycles and for every sixth cycle
thereafter. Disregard the first value for the Standard preparation. Add the Test preparations to
the sampler at the rate of 30 per hour, using a ratio of about 1:1 for the sample to wash time,
to follow the second 5-mL portion of the Standard preparation. Record the absorbance values,
and calculate each peak value by the difference between peak height and baseline. Calculate
the quantity, in mg, of hydrochlorothiazide (C7H8ClN3O4S2) per Capsule taken by the formula:

100C(AU / AS)
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in which C is the concentration, in mg per mL, of USP Hydrochlorothiazide RS in the Standard
preparation; AU is the absorbance at 273 nm of the individual Test preparation; and AS is the
averaged absorbance at 273 nm of the Standard preparations. Make any necessary correction
of the results obtained as follows.

1. Calculate the correction, F ¢, by the formula:

F ¢ = A / P ¢

in which A is the weight of active ingredient equivalent to 1 average dosage unit
obtained by the Assay procedure; and P ¢ is the weight of active ingredient equivalent
to 1 average dosage unit calculated as the mean of the dosage units tested by the
Content Uniformity procedure.

2. If F ¢ is between 0.970 and 1.030, no correction is required.
3. If F ¢ is not between 0.970 and 1.030, calculate the weight of active ingredient in each

dosage unit by multiplying each of the weights found using the special procedure by F ¢.

Calculate the quantity, in mg, of propranolol hydrochloride (C16H21NO2·HCl) per Capsule by the
same formula, in which C is the concentration, in mg per mL, of USP Propranolol Hydrochloride
RS in the Standard preparation; AU is the absorbance at 293 nm of the individual Test
preparation; and AS is the averaged absorbance at 293 nm of the Standard preparations. Make
any necessary correction of the results obtained as directed above.

Related compounds—

Tetrabutylammonium hydroxide solution, Buffer, Mobile phase, Standard preparation, and
Chromatographic system— Prepare as directed in the Assay.

Standard solution— Transfer about 25 mg of USP Benzothiadiazine Related Compound A RS,
accurately weighed, to a 200-mL volumetric flask, add 30 mL of methanol, and swirl to dissolve.
Dilute with Buffer to volume, and mix. Dilute an accurately measured volume of this solution
quantitatively, and stepwise if necessary, with Mobile phase to obtain a solution having a
known concentration of about 0.5 µg per mL.

Test solution— Use the Assay preparation prepared as directed in the Assay.

Procedure— Proceed as directed for Procedure in the Assay, except to inject equal volumes
(about 50 µL) of the Standard solution and the Test solution. Calculate the percentage of
benzothiadiazine related compound A in the Capsules taken by the formula:

1000(C/NL)(rU / rS)

in which C is the concentration, in µg per mL, of USP Benzothiadiazine Related Compound A RS
in the Standard solution; N is the number of Capsules taken to prepare the Test solution; L is
the labeled amount, in mg, of hydrochlorothiazide in each Capsule taken; and rU and rS are the
peak responses of benzothiadiazine related compound A obtained from the Test solution and
the Standard solution, respectively: not more than 1.0% is present.

Assay—

Tetrabutylammonium hydroxide solution— Use a suitable aqueous or methanolic solution having
a known concentration of tetrabutylammonium hydroxide.

Buffer— Dissolve 31.25 g of monobasic potassium phosphate in 500 mL of water in a 1000-mL
volumetric flask. Add 18.75 mL of phosphoric acid, mix, and add a volume of
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Tetrabutylammonium hydroxide solution equivalent to about 13 g of tetrabutylammonium
hydroxide. Dilute with water to volume, and mix. Dilute 100 mL of this solution with water to
obtain 1000 mL of solution, adjusting, if necessary, with phosphoric acid or 10 N potassium
hydroxide to a pH of 2.4 ± 0.1.

Mobile phase— Prepare a suitable mixture of Buffer and methanol (850:150). Make adjustments

if necessary (see System Suitability under Chromatography 621 ).

Standard hydrochlorothiazide stock solution— Transfer about 25 mg of USP Hydrochlorothiazide
RS, accurately weighed, to a 100-mL volumetric flask, add 15 mL of methanol, and sonicate for
5 minutes, adding ice to the bath, if necessary, to maintain the temperature at not more than

20 . Dilute with Buffer to volume, and mix. Use this solution within 3 days.

Standard propranolol hydrochloride stock solution— Dissolve an accurately weighed quantity of
USP Propranolol Hydrochloride RS in Mobile phase to obtain a solution having a known
concentration of about 0.25J mg per mL, J being the ratio of the labeled quantity, in mg, of
propranolol hydrochloride to the labeled quantity, in mg, of hydrochlorothiazide per Capsule.

Standard preparation— Transfer 5.0 mL of Standard hydrochlorothiazide stock solution and 5.0
mL of Standard propranolol hydrochloride stock solution to a 25-mL volumetric flask, dilute with
Mobile phase to volume, and mix. This solution contains about 50 µg of hydrochlorothiazide and
50J µg of propranolol hydrochloride per mL. Use this solution within 3 days.

Assay preparation— Carefully open an accurately counted number of Capsules, equivalent to
about 500 mg of hydrochlorothiazide, and transfer the contents and the Capsule shells to a
500-mL volumetric flask. Add 5.0 mL of water to the flask, and allow to stand for 5 minutes.
Dilute with methanol to volume, mix, and sonicate for 10 minutes, adding ice to the bath, if

necessary, to maintain the temperature at not more than 20 . Remove the flask from the bath,
and shake it occasionally for 1 hour. Centrifuge a portion of the contents of the flask, if
necessary, to obtain a clear solution. Transfer 5.0 mL of the clear solution to a 100-mL
volumetric flask, add 10.0 mL of methanol, dilute with Buffer to volume, and mix.

Chromatographic system (see Chromatography 621 )— The liquid chromatograph is
equipped with a 220-nm detector and a 4-mm × 15-cm column that contains packing L1. The
flow rate is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the
peak responses as directed for Procedure: the column efficiency determined from the
propranolol peak is not less than 2500 theoretical plates when calculated by the formula:

5.545(t/Wh / 2)2

the tailing factor for the hydrochlorothiazide and propranolol peaks is not more than 1.5; and
the relative standard deviation for replicate injections is not more than 2.0%.

Procedure— Separately inject equal volumes (about 50 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
areas for the major peaks. The retention time for propranolol is between 12 and 25 minutes;
and the relative retention times are about 0.25 for benzothiadiazine related compound A, 0.4
for hydrochlorothiazide, and 1.0 for propranolol. Calculate the quantities, in mg, of
hydrochlorothiazide (C7H8ClN3O4S2) and propranolol hydrochloride (C16H21NO2·HCl) in each
Capsule taken by the same formula:
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10(C/N)(rU / rS)

in which C is the concentration, in µg per mL, of USP Propranolol Hydrochloride RS or USP
Hydrochlorothiazide RS in the Standard preparation; N is the number of Capsules taken to
prepare the Assay preparation; and rU and rS are the peak responses of the corresponding
analyte obtained from the Assay preparation and the Standard preparation, respectively.

BRIEFING

Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets, USP 36 page
5025. It is proposed to omit this monograph because no drug products formulated as defined
under the drug product name are currently marketed in the United States, and the drug
product is currently not used in veterinary medicine in the United States.

(SM2: S. Ramakrishna.)    Correspondence Number—C129150

Comment deadline: September 30, 2013

Delete the following:

Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets

» Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide Tablets
contain not less than 90.0 percent and not more than 110.0 percent of the
labeled amount of reserpine (C33H40N2O9), and not less than 93.0 percent
and not more than 107.0 percent of the labeled amounts of hydralazine
hydrochloride (C8H8N4·HCl) and hydrochlorothiazide (C7H8ClN3O4S2).
Note—Where Reserpine, Hydralazine Hydrochloride, and Hydrochlorothiazide
Tablets are prescribed, without reference to the quantity of reserpine,
hydralazine hydrochloride, or hydrochlorothiazide contained therein, a
product containing 0.1 mg of reserpine, 25 mg of hydralazine hydrochloride,
and 15 mg of hydrochlorothiazide shall be dispensed.

Packaging and storage—Preserve in tight, light-resistant containers.

USP Reference standards 11 —
USP Reserpine RS
USP Hydralazine Hydrochloride RS
USP Hydrochlorothiazide RS
USP Benzothiadiazine Related Compound A RS 
4-Amino-6-chloro-1,3-benzenedisulfonamide. 
C6H8ClN3O4S2      285.73

Identification—

A: Transfer a quantity of finely powdered Tablets, equivalent to about 100 mg of hydralazine
hydrochloride, to a glass-stoppered flask. Add 40 mL of dilute hydrochloric acid (1 in 12), shake
by mechanical means for 5 minutes, and filter, discarding the first few mL of the filtrate.
Transfer 20 mL of the filtrate to a separator. Extract with a 10-mL portion of methylene
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chloride, and discard the methylene chloride. To the aqueous phase add 2 mL of sodium nitrite
solution (14 in 1000) and 10 mL of methylene chloride, and shake by mechanical means for 5
minutes. Allow the layers to separate, and drain the methylene chloride through sodium sulfate
that has been pre-washed with methylene chloride, into a 50-mL beaker. Evaporate over gentle
heat with the aid of nitrogen to dryness: the IR absorption spectrum of a potassium bromide
dispersion of the residue so obtained exhibits maxima only at the same wavelengths as that of
a similar preparation of USP Hydralazine Hydrochloride RS, similarly treated (presence of
hydralazine hydrochloride).

B: Transfer a quantity of finely powdered Tablets, equivalent to about 1 mg of reserpine, to a
50-mL centrifuge tube. Add 20 mL of cyclohexane, shake by mechanical means for 15 minutes,
centrifuge, and discard the cyclohexane. Repeat the extraction with two additional 20-mL
portions of cyclohexane, shaking by mechanical means for 2 minutes each time. To the residue
add 10 mL of chloroform, shake for 2 minutes, and filter through a medium-porosity, sintered-
glass funnel into another 50-mL centrifuge tube. Extract the chloroform with 10 mL of 1.0 N
hydrochloric acid, discarding the aqueous acid layer. Extract the chloroform with 10 mL of 0.5 N
sodium hydroxide. Centrifuge for 5 minutes, and withdraw the chloroform with a syringe,
passing the chloroform through cotton into a 50-mL volumetric flask containing 40 mL of
methanol. Dilute with chloroform to volume, and mix: the UV absorption spectrum of the
solution so obtained exhibits maxima and minima at the same wavelengths as that of a similar
solution of USP Reserpine RS, concomitantly measured (presence of reserpine).

C: The UV absorption spectrum of the solution from the Assay preparation, obtained as
directed for Procedure in the Assay for hydrochlorothiazide, exhibits maxima and minima at the
same wavelengths as that of the solution from the Standard preparation, prepared as directed
in the Assay for hydrochlorothiazide, similarly measured (presence of hydrochlorothiazide).

Disintegration 701 : 30 minutes.

Uniformity of dosage units 905 : meet the requirements for Content Uniformity with respect
to reserpine, to hydralazine hydrochloride, and to hydrochlorothiazide.

Procedure for content uniformity—

Apparatus— Use an automatic analyzer consisting of (1) a solid sampler with 100-mL dissolution
capability; (2) a 20-channel peristaltic pump; (3) a continuous filtering device; (4) a
colorimeter equipped with a 2-mm flow cell and analysis capability at 530 nm; (5) a UV
spectrophotometer equipped with a 10-mm flow cell and analysis capability at 271 nm; (6) a
spectrofluorometer equipped with a 2-mm flow cell and analysis capability of 365 nm activation
energy and 495 nm fluorescence; (7) recording devices for each of the three aforementioned
detectors; and (8) a manifold consisting of components illustrated in the pertinent diagram in

the chapter Automated Methods of Analysis 16 . Prepare the ion-exchange column listed in
the manifold as follows. Wash sulfonic acid cation-exchange resin (40- to 60-mesh) with
isopropyl alcohol until the alcohol shows no appreciable UV absorption at 271 nm, then add
sufficient 1 N hydrochloric acid to cover the resin. Drain off the acid, and wash the resin with
an equivalent volume of 1 N sodium hydroxide and then again with 1 N hydrochloric acid. Finally
wash the resin with water until the effluent is neutral to litmus. Draw the resin into a 10-mm
length of “solvaflex” tubing (1 mm ID) by vacuum, and plug each end with glass wool.

Saturated vanadium pentoxide (V2O5)—Stir for about 6 hours or shake by mechanical means
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for 2 hours about 100 mg of vanadium pentoxide powder with 100 mL of phosphoric acid. Filter
through a medium-porosity, sintered-glass funnel. This solution is stable for 1 month.

0.3% Hydrogen peroxide (H2O2)—Dilute 1 mL of 30 percent hydrogen peroxide with water to
100 mL. Prepare fresh daily.

Blue tetrazolium reagent (B.T.)—Dissolve 760 mg of blue tetrazolium in 3.8 liters of a mixture of
dehydrated alcohol and methanol (19:1).

Tetramethylammonium hydroxide (T.M.A.H.)—Dilute 38 mL of tetramethylammonium hydroxide
solution (1 in 10) with dehydrated alcohol and methanol (19:1) to 3.8 liters.

Solvent, wash, and diluent— Prepare by mixing equal volumes of methanol and water. Add 1 mL
of phosphoric acid to each 3.8 liters.

Standard preparation— Accurately weigh about 42.0 mg of USP Reserpine RS into a 200-mL
volumetric flask, dissolve in methanol, and dilute with methanol to volume. Pipet 10 mL of this
solution into a 100-mL volumetric flask containing about 315.0 mg of USP Hydrochlorothiazide
RS and about 525.0 mg of USP Hydralazine Hydrochloride RS, accurately weighed. Dissolve in
Solvent, and dilute with Solvent to volume. (A 5-mL aliquot represents 1 standard Tablet.)

Procedure— With the sampler in the standby position, pump all reagents through the system
until a stable baseline is achieved. Activate the sampler, and allow one cycle to pass without
introducing the Tablets or the Standard preparation, then pipet a 5-mL aliquot of the Standard
preparation into the hopper at the solvent addition portion for the next two cycles and for
every sixth cycle thereafter. Disregard the first value for the Standard preparation. Add the
Tablets to the sampler at the rate of 20 per hour to follow the second 5-mL aliquot of the
Standard preparation. Record the absorbance and fluorescence values, and calculate each
peak value by the difference between peak height and baseline. Calculate the quantity, in mg
per Tablet, taken by the formula:

(0.005 / 1.05)C(AU / AS)

in which C is the concentration, in µg per mL, of the appropriate Reference Standard in the
Standard preparation, AU is the absorbance of the Tablet, and AS is the averaged absorbance
of the Standard preparations.

Diazotizable substances—

Standard solution— Weigh accurately 25 mg of USP Benzothiadiazine Related Compound A RS,
dissolve in 5 mL of methanol contained in a 50-mL volumetric flask, dilute with water to volume,
and mix. Pipet 4 mL of this solution into a 100-mL volumetric flask, dilute with water to volume,
and mix.

Test solution— Transfer a portion of the powdered Tablets prepared for the Assay for
hydrochlorothiazide, accurately weighed and equivalent to about 100 mg of
hydrochlorothiazide, to a 100-mL volumetric flask, and add a mixture of 20 mL of methanol and
20 mL of water. Shake continuously for 5 to 10 minutes, dilute with water to volume, mix, and
filter. Use the filtrate as the Test solution.

Procedure— Pipet 5 mL each of the Standard solution and the Test solution into separate, 50-
mL volumetric flasks. Pipet 5 mL of water into a third 50-mL volumetric flask to provide the
blank. To each flask add 1 mL of freshly prepared sodium nitrite solution (1 in 100) and 5 mL of
dilute hydrochloric acid (1 in 12), and allow to stand for 5 minutes. Add 2 mL of ammonium
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sulfamate solution (1 in 50), allow to stand for 5 minutes with frequent swirling, then add 2 mL
of freshly prepared disodium chromotropate solution (1 in 100) and 10 mL of sodium acetate
TS. Dilute with water to volume, and mix. Concomitantly determine the absorbances of the
solutions from the Standard solution and the Test solution in 1-cm cells at the wavelength of
maximum absorbance at about 500 nm, with a suitable spectrophotometer, against the blank.
The absorbance of the solution from the Test solution does not exceed that of the solution
from the Standard solution, corresponding to not more than 2.0% of diazotizable substances.

Assay for reserpine—

Standard preparation— Dissolve about 25 mg of USP Reserpine RS, accurately weighed, in
chloroform in a 50-mL volumetric flask, and dilute with chloroform to volume (Solution 1). Pipet
10 mL of Solution 1 into a 50-mL volumetric flask, and dilute with chloroform to volume. Protect
the solution from light.

Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 1 mg of reserpine, to a separator or a
stoppered, 50-mL centrifuge tube containing 10 mL of citric acid solution (1 in 50). Shake
vigorously until the powder is completely suspended. Add 10 mL of chloroform, and proceed as
directed for Procedure, beginning with “shake thoroughly for 2 minutes.”

Procedure— [Note—Conduct the entire procedure quickly, without exposure to direct sunlight.
Perform the extractions in a suitable separator or in a suitably stoppered, 50-mL centrifuge
tube, and separate by centrifuging, withdrawing the portion to be retained into a hypodermic
syringe fitted with a square-tipped, 14-gauge, 15-cm needle.] Pipet 10 mL of the Standard
preparation into the extraction vessel, add 10 mL of citric acid solution (1 in 50), and shake
thoroughly for 2 minutes. Separate and withdraw the chloroform. Wash the citric acid solution
with two 10-mL portions of chloroform, adding the washings to the main chloroform solution. To
the combined chloroform solutions add 10 mL of citric acid solution (1 in 50), shake for 2
minutes, and separate and withdraw the chloroform. To the combined chloroform solutions add
10 mL of sodium bicarbonate solution (1 in 100), shake for 2 minutes, and separate. Withdraw
the chloroform, filtering it through a pledget of cotton, into a 50-mL volumetric flask containing
14.0 mL of methanol. Extract the aqueous bicarbonate layer in the extraction vessel with two
2-mL portions of chloroform, passing each portion successively through the filter into the
volumetric flask. Add chloroform to volume, and mix. Pipet duplicate 5-mL aliquots of the
chloroform-methanol solutions into separate, 10-mL volumetric flasks. Add 2.0 mL of a 1 in 10
solution of hydrochloric acid in methanol to each flask. To one flask of each pair of duplicates
(representing the extracted Standard preparation and the extracted Assay preparation) add
1.0 mL of a 3 in 1000 solution of sodium nitrite in dilute methanol (1 in 2). To the second flask
of each pair (constituting the blanks) add 1 mL of dilute methanol (1 in 2). Mix, and allow to
stand for 30 minutes. Add 0.5 mL of ammonium sulfamate solution (1 in 20) to each flask, add
methanol to volume, mix, and allow to stand for 10 minutes. Determine the absorbance of each
solution in a 1-cm cell at the wavelength of maximum absorbance at about 390 nm, with a
suitable spectrophotometer, relative to the absorbance of a mixture of methanol, chloroform,
and water (5.4:3.6:1). 
Calculate the quantity, in mg, of C33H40N2O9 in the portion of Tablets taken by the formula:

0.01C(A  A0)U / (A  A0)S

in which C is the concentration, in µg per mL, of USP Reserpine RS in the Standard preparation,
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and the parenthetic expressions are the differences in absorbances of the nitrite-treated and
blank solutions, respectively, from the Assay preparation (U) and the Standard preparation (S).

Assay for hydralazine hydrochloride—

Sodium acetate solution— Dissolve 27.2 g of sodium acetate trihydrate in 50 mL of water, bring
to room temperature, and dilute with water to 100 mL.

Ferric ammonium sulfate solution— Dissolve 1.8 g of ferric ammonium sulfate in 4 mL of dilute
hydrochloric acid (1 in 12), and dilute with water to 100 mL. Filter, and use the clear filtrate.
Prepare fresh.

1,10-Phenanthroline solution— Shake 300 mg of 1,10-phenanthroline with 100 mL of water for 1
hour. Filter, and use the clear filtrate. Prepare fresh.

Standard preparation— Dissolve about 50 mg of USP Hydralazine Hydrochloride RS, accurately
weighed, in water in a 100-mL volumetric flask, and dilute with water to volume. Pipet 10 mL of
this solution into a 100-mL volumetric flask, dilute with water to volume, and mix.

Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer to a 200-mL
volumetric flask an accurately weighed portion of the powder, equivalent to about 100 mg of
hydralazine hydrochloride, add 100 mL of water, and shake by mechanical means for 30
minutes. Dilute with water to volume, mix, and filter through paper, discarding the first 15 mL of
the filtrate. Pipet 10 mL of the clear filtrate into a 100-mL volumetric flask, and dilute with
water to volume.

Procedure— Pipet 10 mL each of the Assay preparation, the Standard preparation, and water
to provide the blank, into separate, 200-mL volumetric flasks. To each flask add 5 mL of acetic
acid solution (12 in 100), 5 mL of Sodium acetate solution, 2 mL of 1,10-Phenanthroline
solution, and 1 mL of Ferric ammonium sulfate solution, mix, and allow to stand in the dark for
30 minutes. Dilute with water to volume, and mix. Concomitantly determine the absorbances of
both solutions in 1-cm cells at the wavelength of maximum absorbance at about 510 nm, with a
suitable spectrophotometer, against the blank. Calculate the quantity, in mg, of C8H8N4·HCl in
the portion of Tablets taken by the formula:

2C(AU / AS)

in which C is the concentration, in µg per mL, of USP Hydralazine Hydrochloride RS in the
Standard preparation, and AU and AS are the absorbances of the solutions from the Assay
preparation and the Standard preparation, respectively.

Assay for hydrochlorothiazide—

Methanolic sodium hydroxide solution— Dissolve 40 g of sodium hydroxide in 125 mL of water,
cool, and dilute with methanol to 500 mL. Filter before use.

Column preparation— Weigh about 10 g of sulfonic acid cation exchange resin into a 250-mL
beaker. Add 75 mL of methanol, and stir the mixture with a magnetic stirrer for 30 minutes.
Place a glass wool plug at the lower end of a glass chromatographic column (15 mm × 45-cm
long), equipped with a stopcock to regulate the eluant flow. Transfer and pack the slurry in
portions into the prepared column to a height of 10 cm. If air is trapped, remove by tapping,
stirring, or back-flushing the column. Place a glass wool plug on top of the resin bed after
packing. Wash the resin with consecutive 100-mL portions of a 1 in 5 solution of hydrochloric
acid in methanol, and of methanol, then of Methanolic sodium hydroxide solution and of
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methanol, respectively, using a flow rate of approximately 4 mL per minute. Wash the sodium
form of the resin with 150 mL of a 1 in 5 solution of hydrochloric acid in methanol, followed by
not less than 100 mL of methanol. The UV spectrum of the last few mL of the methanol
washing conforms to that of the methanol.

Standard preparation— Mix about 40 mg of USP Hydrochlorothiazide RS, accurately weighed,
with 4 mL of water in a 200-mL volumetric flask. Add 150 mL of methanol, warm gently on a
steam bath for a few minutes, and shake by mechanical means for 20 minutes. Dilute with
methanol to volume, and mix.

Assay preparation— Weigh and finely powder not less than 20 Tablets. Transfer an accurately
weighed portion of the powder, equivalent to about 20 mg of hydrochlorothiazide, to a 100-mL
volumetric flask. Add 2 mL of water, mix, and add 75 mL of methanol. Warm gently on a steam
bath for a few minutes, and shake by mechanical means for 20 minutes. Dilute with methanol to
volume, and mix. Centrifuge a portion of the mixture, and use the clear solution as the Assay
preparation.

Procedure— Keeping the column stopcocks closed, pipet 4 mL of the clear Assay preparation
on the top of the resin bed of 1 column, and pipet 4 mL of the Standard preparation on the top
of the second column. Place a 100-mL volumetric flask beneath each of the columns, and
collect the eluate. Adjust the flow rate to approximately 2 mL per minute, and allow the
solution to flow until it just disappears into the upper glass wool plug. Close the stopcock,
carefully add 25 mL of methanol, and further elute each column with the same flow rate as
before. Repeat with two additional 25-mL portions of methanol. Dilute the contents of each
flask with methanol to volume. Concomitantly determine the absorbances of both solutions at
the wavelength of maximum absorbance at about 271 nm, with a suitable spectrophotometer,
using methanol as the blank. Calculate the quantity, in mg, of C7H8ClN3O4S2 in the portion of
Tablets taken by the formula:

0.1C(AU / AS)

in which C is the concentration, in µg per mL, of USP Hydrochlorothiazide RS in the Standard
preparation, and AU and AS are the absorbances of the solution from the Assay preparation and
the Standard preparation, respectively.

BRIEFING

Rivastigmine Transdermal System. Because there is no existing USP monograph for this
dosage form, a new monograph, based on validated methods of analyses, is proposed.

1. The chromatographic procedure in the Assay is based on analyses performed with the
Zorbax Sil brand of L3 column. The typical retention time for the rivastigmine peak is
about 4 min.

2. The chromatographic procedure in the test for Content of Alpha Tocopherol is based on
analyses performed with the Symmetry C18 brand of L1 column. The typical retention
time for the alpha tocopherol peak is about 4 min. The rivastigmine peak elutes
unretained at about 1.5 min.

3. The chromatographic procedure in the Drug Release test is based on analyses
performed with the Novapak C18 brand of L1 column. The typical retention time for
the rivastigmine peak is about 3 min.

4. The chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Hypersil MOS C8 brand of L7 column. The typical retention time

2S (USP37)
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for the rivastigmine peak is about 9 min.

(SM3: R.-H. Yeh, E. Gonikberg.)
Correspondence Number—C108242

Comment deadline: September 30, 2013

Add the following:
Rivastigmine Transdermal System

DEFINITION

Rivastigmine Transdermal System contains NLT 90.0% and NMT 110.0% of the labeled amount
of rivastigmine (C14H22N2O2). It may contain alpha tocopherol or other suitable antioxidant.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure
[Note—Protect all solutions containing rivastigmine from light.]

Diluent:  Methanol, ethyl acetate, and diethylamine (70: 30: 0.4)
Mobile phase:  Ethyl acetate, methanol, and diethylamine (85: 15: 0.005)
Standard solution:  1.16 mg/mL of USP Rivastigmine Tartrate RS in Diluent
Rivastigmine related compound C stock solution:  0.2 mg/mL of USP Rivastigmine

Related Compound C RS in methanol
System suitability solution:  Mix 15 mL of the Standard solution and 5 mL of Rivastigmine

related compound C stock solution
Sample solution:  Remove release liner, and transfer the Transdermal System into a

suitable Erlenmeyer flask. Add Diluent to obtain a solution containing about 0.7 mg/mL of
rivastigmine. Close the flask tightly, and stir for at least 16 h. Centrifuge a portion of the
solution, and use the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 262 nm
Column:  4.6-mm × 25-cm; 5-µm packing L3
Flow rate:  2.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution

[Note—The typical relative retention times for rivastigmine and rivastigmine related
compound C are 1.0 and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between rivastigmine and rivastigmine related compound C,
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System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of rivastigmine (C14H22N2O2) in the
Transdermal System taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of rivastigmine from the Sample solution
rS= peak response of rivastigmine from the Standard solution
CS= concentration of USP Rivastigmine Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of rivastigmine in the Sample solution (mg/mL)
Mr1= molecular weight of rivastigmine, 250.34
Mr2= molecular weight of rivastigmine tartrate, 400.42
Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS
•  Content of Alpha Tocopherol (if present)
[Note—Protect all solutions containing rivastigmine and alpha tocopherol from light.]

Mobile phase:  Methanol
Standard solution:  1.8 µg/mL of USP Alpha Tocopherol RS in methanol
Sample solution:  After removal of each release liner, transfer the Transdermal System into

a suitable Erlenmeyer flask. Add methanol to obtain a solution containing about 1.8 µg/mL
of alpha tocopherol, based on the label claim. Close the flask tightly, and stir for at least
16 h. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 294 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  0.9 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 5.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of alpha tocopherol in the Transdermal
System taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of alpha tocopherol from the Sample solution
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rS= peak response of alpha tocopherol from the Standard solution
CS= concentration of USP Alpha Tocopherol RS in the Standard solution (µg/mL)
CU= nominal concentration of alpha tocopherol in the Sample solution (µg/mL)
Acceptance criteria:  80.0%–110.0%

PERFORMANCE TESTS

•  Drug Release 724
[Note—Protect all solutions containing rivastigmine from light.]

Medium:  0.9% sodium chloride solution, 500 mL, degassed
Apparatus 6:  50 rpm 

Attach the system with double-sided adhesive tape to the cylinder, and remove the
release liner.

Times:  2, 4, and 7 h
Mobile phase:  Acetonitrile, water, and triethylamine (20: 80: 0.35). Adjust with phosphoric

acid to a pH of 3.5.
Standard stock solution:  0.2 mg/mL of USP Rivastigmine Tartrate RS in Medium
Standard solution:  Dilute Standard stock solution with Medium to obtain a solution

containing about 0.03 mg/mL for Transdermal Systems containing 9 mg of rivastigmine and
about 0.05 mg/mL for Transdermal Systems containing 18 mg of rivastigmine or more.

Sample solution:  At each sampling time, withdraw 4.0 mL of the solution under test. The
removed volume is not replaced. Centrifuge a portion of the solution if necessary.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the concentration (Ci) of rivastigmine (C14H22N2O2) in the sample withdrawn
from the vessel at each time point (i):

Result = (rU/rS) × CS × (Mr1/Mr2)

rU= peak response of rivastigmine from the Sample solution
rS= peak response of rivastigmine from the Standard solution
CS= concentration of USP Rivastigmine Tartrate RS in the Standard solution
Mr1= molecular weight of rivastigmine, 250.34
Mr2= molecular weight of rivastigmine tartrate, 400.42

Calculate the percentage of the labeled amounts (Qi) of rivastigmine (C14H22N2O2)
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released at each time point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = ({C3 × [V  (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

C1= concentration of rivastigmine in the portion of sample withdrawn at time point i (mg/mL)
V= volume of the Medium, 500 mL
L= label claim (mg/Transdermal System)
VS= volume of the Sample solution withdrawn at each time point (mL)
Tolerances:  See Table 1.

Table 1

Time Point
(i)

Time
(h)

Amount
Released

1 2 31%–73%
2 4 42%–80%
3 7 55%–87%

The percentages of the labeled amount of rivastigmine (C14H22N2O2) released at the times

specified conform to Acceptance Table 1 in 724 .

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES
•  Organic Impurities
[Note—Protect all solutions containing rivastigmine from light.]

Buffer:  0.02 M solution of monobasic potassium phosphate in water
Solution A:  Buffer, acetonitrile, and triethylamine (85: 15: 0.2, v/v/v), adjusted with

phosphoric acid to a pH of 6.5, if needed
Solution B:  Buffer, acetonitrile, and triethylamine (62.5: 37.5: 0.2, v/v/v), adjusted with

phosphoric acid to a pH of 6.5, if needed
[Note—The pH of Solution A and Solution B may be increased up to 7.0, if needed, to meet the

resolution requirement.]
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
20 0 100
30 0 100
31 100 0
45 100 0

Standard solution:  1.16 µg/mL of USP Rivastigmine Tartrate RS in methanol
Peak identification solution:  0.58 mg/mL of USP Rivastigmine Tartrate RS, 1.5 µg/mL each

of USP Rivastigmine Related Compound C RS and USP Rivastigmine Related Compound E
RS, and 1.0 µg/mL each of USP Rivastigmine Related Compound D RS and USP Rivastigmine
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Related Compound F RS in methanol
Sample solution:  Remove release liner, and transfer the Transdermal System into a

suitable Erlenmeyer flask. Add methanol to obtain a solution containing about 0.36 mg/mL
of rivastigmine. Close the flask tightly, and stir for at least 16 h. Centrifuge a portion of
the solution, and use the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 12.5-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and Peak identification solution
Suitability requirements 

Resolution:  NLT 1.0 between rivastigmine related compound E and rivastigmine, Peak
identification solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each individual impurity in the Transdermal System taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of rivastigmine from the Standard solution
CS= concentration of USP Rivastigmine Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of rivastigmine in the Sample solution (mg/mL)
Mr1= molecular weight of rivastigmine, 250.34
Mr2= molecular weight of rivastigmine tartrate, 400.42
F = relative response factor (see Table 3)
Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Phenol impurity (rivastigmine related compound
C) 0.27 1.0 0.4

Rivastigmine quaternary salt (rivastigmine
related compound E) 0.90 1.0 0.4

Rivastigmine 1.0 — —
Acetylphenol impurity (rivastigmine related

compound D) 1.8 1.8 0.2
Vinylphenol impurity (rivastigmine related

compound F) 2.8 2.9 0.2
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Any other individual impurity — 1.0 0.2
Total impurities — — 1.0

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at a

temperature not exceeding 25 .
•  Labeling: The label states the total amount of rivastigmine in the Transdermal System and

the release rate, in mg/24 h.

•  USP Reference Standards 11
USP Rivastigmine Related Compound C RS 

Phenol impurity;     
(S)-3-[1-(Dimethylamino)ethyl]phenol.     
C10H15NO      165.23

USP Rivastigmine Related Compound D RS 
Acetylphenol impurity;     
3-Acetylphenyl ethyl(methyl)carbamate.     
C12H15NO3      221.25

USP Rivastigmine Related Compound E RS 
Rivastigmine quaternary salt;     
(S)-1-(3-{[Ethyl(methyl)carbamoyl]oxy}phenyl)-N,N,N-trimethylethanaminium
chloride.     
C15H25ClN2O2      300.82

USP Rivastigmine Related Compound F RS 
Vinylphenol impurity;     
3-Vinylphenyl ethyl(methyl)carbamate.     
C12H15NO2       205.25

USP Rivastigmine Tartrate RS
USP Alpha Tocopherol RS 

BRIEFING

Salmeterol Inhalation Powder. Because there is no existing USP monograph for this dosage
form, a new monograph is proposed.

1. The isocratic HPLC procedure used in the Assay is based on validations performed with a
Hypersil ODS brand of L1 column, in which salmeterol elutes at a retention time of
about 5 min.

2. The isocratic HPLC procedure used in the tests for Particle Size Distribution by Cascade
Impactor and Delivered Dose Uniformity is based on validations performed with a
Hypersil ODS brand of L1 column, in which salmeterol elutes at a retention time of
about 3.5 min.

3. The gradient elution HPLC procedure used in the test for Organic Impurities is based on
validations performed with a Zorbax RX C18 brand of L1 column, in which salmeterol
elutes at about 7 min.

4. The equipment used for Particle Size Distribution and the dose collection in Delivered

Dose Uniformity are modified from what is provided in general chapter 601 . The
details of modification and the engineering diagrams have been included in the

2S (USP37)
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proposal to facilitate evaluation. Interested parties are invited to submit comments.

(SM4: R. Ravichandran.)
Correspondence Number—C75802

Comment deadline: September 30, 2013

Add the following:
Salmeterol Inhalation Powder

DEFINITION

Salmeterol Inhalation Powder for use in dry powder inhalers contains an amount of salmeterol
xinafoate (C25H37NO4·C11H8O3) equivalent to NLT 90% and NMT 110% of the labeled amount
of salmeterol (C25H37NO4).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the test for Delivered Dose Uniformity.

ASSAY
•  Procedure

Buffer:  0.15 M ammonium acetate
Mobile phase:  Methanol, Buffer, and formic acid (65: 35: 0.5)
Diluent:  Methanol and water (70:30)
System suitability solution:  11 µg/mL of USP Salmeterol Resolution Check RS in Diluent
Standard solution:  9 µg per mL of USP Salmeterol Xinafoate RS in Diluent
Sample solution:  Nominally 6 µg/mL of salmeterol free base from NLT 12 unit doses in

Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 276 nm
Column:  4.6-mm × 20-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  200 µL

System suitability 
Sample:  System suitability solution

[Note—The relative retention times for salmeterol and salmeterol-deoxy are 1.0 and 1.4,
respectively.]
Suitability requirements 

Tailing factor:  NMT 1.5 for the salmeterol peak
Resolution:  NLT 2.0 between salmeterol and salmeterol-deoxy
Relative standard deviation:  NMT 2% for the salmeterol peak

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of salmeterol (C25H37NO4) in the portion
of the sample taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= response from the Sample solution
rS= response from the Standard solution
CS= concentration of USP Salmeterol Xinafoate RS in the Standard solution (µg/mL)
CU= nominal concentration of salmeterol free base in the Sample solution (µg/mL), based on

the target emitted dose of 47 µg
Mr1= molecular weight of salmeterol free base, 415.75
Mr2= molecular weight of salmeterol xinafoate, 603.75
Acceptance criteria:  90%–110%

PERFORMANCE TESTS

•  Particle Size Distribution by Cascade Impaction 601

Sampling apparatus:  Modified Apparatus 3 (Figure 1) in 601  with a modified Induction
Port (Figure 2), and Preseparator Top (Figure 3) are to be used.

Figure 1. Cascade impaction sampling apparatus (Modified Apparatus 3 in 601 ) including
induction port and preseparator top
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Figure 2. Expanded view of the modified Induction port
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Figure 3. Expanded view of the Preseparator Top
Buffer:  0.0025 M sodium dodecylsulfate in 1% (v/v) of glacial acetic acid
Mobile phase:  Methanol and Buffer (100:5). [Note—The ratio of methanol to Buffer can be

varied up to 100:15.]
System suitability solution:  0.1 µg/mL of USP Salmeterol Related Compound A RS and 1.4

µg/mL of USP Salmeterol Xinafoate RS in methanol
Standard solution:  0.7 µg/mL of USP Salmeterol Xinafoate RS in methanol
Sample solutions:  Discharge the 10 unit doses into the cascade impaction sampling

apparatus described above. Operate the pump for 3 s at an airflow rate of 60 L/min for
each dose discharged. Detach the inhaler, and rinse each piece of the apparatus with
methanol into a separate suitable volumetric flask. The final expected concentration of
salmeterol should be in the range of 0.1–1 µg/mL. Dilute with methanol to volume. Repeat
these steps on one additional sample preparation for a total of 2 Sample solutions.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Fluorescence

Excitation:  225 nm
Emission:  305 nm

Column:  3.0-mm × 5-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  0.5–1.5 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for salmeterol related compound A and salmeterol are
0.67 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between salmeterol and salmeterol related compound A, System
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Suitability solution
Relative standard deviation:  NMT 2%, Standard solution

Analysis 
Samples:  Standard solution and Sample solutions

Calculate the quantity, in µg/unit dose, of salmeterol free base (C25H37NO4) in each
Sample solution:

Result = (rU/rS) × CS × (V/N) × (Mr1/Mr2)

rU= peak response from the Sample solutions
rS= peak response from the Standard solution
CS= concentration of USP Salmeterol Xinafoate RS in the Standard solution (µg/mL)
V = total volume of the Sample solutions (mL)
N = number of unit doses discharged into the apparatus, 10
Mr1= molecular weight of salmeterol free base, 415.75
Mr2= molecular weight of salmeterol xinafoate, 603.75
Acceptance Criteria:  The mean of the two samples for the mass of drug recovered from

the cascade impactor component groupings are given in Table 1.

Table 1: Amount of Salmeterol in Cascade Impactor Stage groupings

Apparatus Component
Salmeterol Deposited

(µg/dose)

Mouthpiece adaptor, Induction port, Preseparator & Stage 0 32–40
Stages 1–5 9.0–14
Stages 3 & 4 4.0–8.0
Stages 6, 7, & Filter NMT 1

•  Delivered Dose Uniformity 601
Sampling Apparatus:  Use the apparatus (Figure 4A) with the modified glass sampling

device (Figure 4B).
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Figure 4A. Sampling apparatus

Figure 4B. Expanded view of the modified glass sample collection apparatus
Buffer, Mobile phase, Chromatographic system, and System suitability:  Proceed as

directed in Particle Size Distribution by Cascade Impaction.
System suitability solution:  0.1 µg/mL of USP Salmeterol Related Compound A RS and 0.7

µg/mL of USP Salmeterol Xinafoate RS in methanol
Standard solution:  0.36 µg/mL of USP Salmeterol Xinafoate RS in methanol
Sample solutions:  Nominally 0.25 µg/mL of salmeterol free base in methanol prepared as

follows. Discharge a single unit dose into the apparatus shown in Figure 4A. Operate the
pump for 2 sec at an airflow of 60 L/min to collect the dose. Detach the inhaler, and rinse
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the mouthpiece adaptor and each piece of the sample collection chamber with methanol.
Place the filter and washings into a container, and sonicate for NMT 5 min. Transfer the
contents to a 200 mL volumetric flask, and dilute with methanol to volume. Prepare 9
additional samples from 9 additional unit doses. For multi-dose inhalers, one dose must be
collected from 10 inhalers with the 10 doses collected across the minimum number of
recommended doses on the label of the inhaler.

Analysis 
Samples:  Standard solution and Sample solutions

Calculate the percentage of the target emitted dose of salmeterol (C25H37NO4) delivered
by the Inhalation Powder in each of the Sample solutions:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= response from the Sample solutions
rS= response from the Standard solution
CS= concentration of USP Salmeterol xinafoate RS in the Standard solution (µg/mL)
CU= nominal concentration of salmeterol free base in the Sample solutions (µg/mL) based

on target emitted dose of 47µg
Mr1= molecular weight of salmeterol free base, 415.75
Mr2= molecular weight of salmeterol xinafoate, 603.75
Acceptance criteria  

The mean content of salmeterol of 10 doses is 85%–115% of the target emitted dose. 
NMT 1 dose is outside 80%–120% of the target emitted dose. 
No dose is outside 75%–125% of the target emitted dose. 
If the requirements 1 and 2 described are not met, test an additional 20 unit doses. 
The mean dose of salmeterol of 30 doses is NLT 85% and NMT 115% of the target emitted
dose. 
NMT 3 doses are outside 80%–120% of the target emitted dose. 
No dose is outside 75%–125% of the target emitted dose.

IMPURITIES
•  Organic Impurities

Diluent:  Methanol and water (70:30)
Solution A:  Trifluoroacetic acid in water (0.05%, v/v)
Solution B:  Trifluoroacetic acid in acetonitrile (0.05%, v/v)
Mobile phase:  See Table 2.

Table 2

Time
Solution A 

(%)
Solution B 

(%)

0 60 40
5 60 40
40 15 85

40.1 60 40

45a 60 40

a  This time may be increased to ensure equilibration.
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Protect the sample and standard solutions from light.
System suitability solution:  0.1 mg/mL of USP Salmeterol System Suitability RS in Diluent
Standard solution:  2.5 µg/mL of USP Salmeterol Related Compound H RS in Diluent
Sample solution:  Nominally 50 µg/mL of salmeterol free base from NLT 10 unit doses

prepared as follows. Weigh, and transfer the contents of the appropriate number of unit
doses to a suitable volumetric flask. Add 80% of the flask volume of Diluent, and sonicate
for 5 min. Cool to room temperature, and dilute with Diluent to volume. Allow the
undissolved material to settle, and inject the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution. [Note—The relative retention

times are given in Table 3.]
Suitability requirements 

Resolution:  NLT 2 between salmeterol-N-alkyl and salmeterol related compound H,
System suitability solution

Relative standard deviation:  NMT 2 for salmeterol related compound H, Standard
solution

Analysis 
Sample:  Sample solution 

Calculate the percentage of salmeterol related compound H in the portion of the sample
taken:

Result = (rU/rS) × CS × V × (WN/WU) × (1/L) × 100

rU= peak response of each degradation product from the Sample solution
rS= peak response of salmeterol related compound H in the Standard solution
CS= concentration of USP Salmeterol Related Compound H RS in the Standard solution

(µg/mL)
V= volume of the Sample solution (mL)
WN= nominal weight of each unit dose (mg)
WU= weight of the unit doses in the Sample solution (mg)
L = label claim of salmeterol free base (µg/unit dose)

Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Salmeterol related compound Ba 0.59 —
Salmeterol phenylpropoxya,b 0.77 —
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Salmeterol-phenyl-2-butoxya,c 0.93 —

Salmeterol-O-alkyla,d 0.97 —

Salmeterol 1.0 —
Salmeterol-deoxya,e 1.52 —

Hyrdoxynaphthoic acid 1.63 —
Salmeterol N-alkyla,f 2.25 —

Salmeterol related compound H 2.33 1.8
Any unspecified degradation product — 0.2
Total impuritiesg — 2.4

a  Included for identification purposes only. Process impurities controlled in the drug
substance and not to be included in the total impurities.

b  4-{1-Hydroxy-2-[6-(3-phenylpropoxy)hexylamino]ethyl}-2-(hydroxymethyl)phenol.
c  4-{1-Hydroxy-2-[6-(4-phenylbutan-2-yloxy)hexylamino]ethyl}-2-

(hydroxymethyl)phenol.
d  4-{1-Hydroxy-2-[4-{1-hydroxy-2-[6-(4-phenylbutoxy)hexylamino]ethyl}-2-

(hydroxymethyl)phenoxy]ethyl}-2-(hydroxymethyl)phenol.
e  4-{1-Hydroxy-2-[6-(4-phenylbutoxy)hexylamino]ethyl}-2-methylphenol.
f  4-{1-Hydroxy-2-[(2-hydroxy-5-{1-hydroxy-2-[6-(4-

phenylbutoxy)hexylamino]ethyl}benzyl)[6-(4-phenylbutoxy)hexyl]amino]ethyl}-2-
(hydroxymethyl)phenol.

g  Includes all degradation product peaks 0.05%.

SPECIFIC TESTS

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62  
It meets the requirements of the tests for absence of Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, Salmonella species, and Bile Tolerant Gram
Negative Bacteria in 1 g of bulk powder. 
The total aerobic microbial count does not exceed 101 cfu/g of bulk powder. 
The total aerobic yeast and mold count does not exceed 101 cfu/g of bulk powder.

•  Foreign Particulate Matter, Method 2 788  

General chapter 788  describes details of the test apparatus to be used for the
determination of particulate matter using a microscopic particle count test methodology.
Samples should be carefully prepared to avoid environmental contamination, and testing
should be performed with suitable controls, including the appropriate use of blank
determinations.

Diluent:  Methanol and water (65:35), passed through a filter of 0.45-µm pore size.
Filter:  Mixed cellulose and ester filter; 25-mm diameter and 0.45-µm pore size.
Sample:  Transfer the contents of 4 unit doses from each of 2 inhalers into a suitable

receptacle, and dissolve the drug and excipient particles in about 75 mL of Diluent
Analysis 

Sample:  Sample solution

Pass the Sample solution through the Filter, and allow the Filter to dry under conditions
that will limit particulate contamination. Using a microscopic particle count test method,
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enumerate the number of particles present in the sample solution. Calculate the number of
particles per dose:

Result = (N<10 + N10-100 + N>100)/8

N<10 = total number of particles <10 µm
N10-100= total number of particles between 10 and 100 µm
N>100= total number of particles >100 µm
Acceptance criteria:  See Table 4.

Table 4

Particle Size Range
(µm)

Number of Particles Per Dose
(NMT)

<10 200
10–100 100
>100 10
Total 300

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled

room temperature, in a dry place away from direct heat or sunlight.

•  USP Reference Standards 11
USP Salmeterol Related Compound A RS 

4-[1-Hydroxy-2-(4-phenylbutylamino)ethyl]-2-(hydroxymethyl)phenol.     
C19H25NO3      315.41

USP Salmeterol Related Compound H RS 
1-Hydroxy-4-[2-hydroxy-5-(1-hydroxy-2-{[6-(4-
phenylbutoxy)hexyl]amino}ethyl)benzyl]-2-naphthoic acid.     
C36H43NO6      585.73

USP Salmeterol Resolution Check RS 
This is a mixture of salmeterol xinafoate, salmeterol related compound H, and
salmeterol-deoxy, also known as      
4-{1-Hydroxy-2-[6-(4-phenylbutoxy)hexylamino]ethyl}-2-methylphenol.    

USP Salmeterol System Suitability RS 
This is a mixture of salmeterol xinafoate, salmeterol related compound H, and
salmeterol-N-alkyl, also known as      
4-{1-Hydroxy-2-[(2-hydroxy-5-{1-hydroxy-2-[6-(4-
phenylbutoxy)hexylamino]ethyl}benzyl)[6-(4-phenylbutoxy)hexyl]amino]ethyl}-2-
(hydroxymethyl)phenol.    

USP Salmeterol Xinafoate RS 

BRIEFING

Sodium Phenylbutyrate. Because there is no existing USP monograph for this drug substance,
a new monograph, based on validated methods of analyses, is proposed. The gas
chromatographic procedure in the test for Limit of Sodium Phenylbutyrate Related
Compound C is based on analyses performed with the HP-5 or Optima 5 brands of G27
column. The typical retention time for phenylbutyrate is 20 min. The liquid chromatographic

2S (USP37)
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procedure in the test for Organic Impurities is based on analyses performed with the
Kromasil C18 or Eclipse XDB C18 brands of L1 column. The typical retention time for
phenylbutyrate is about 17 min.

(SM3: R.-H. Yeh, E. Gonikberg.)
Correspondence Number—C121646

Comment deadline: September 30, 2013

Add the following:
Sodium Phenylbutyrate

C10H11NaO2       186.18 

Benzenebutanoic acid, sodium salt;     
Sodium 4-phenylbutyrate;     
Sodium 4-phenylbutanoate.     [1716-12-7].

DEFINITION

Sodium Phenylbutyrate contains NLT 99.0% and NMT 101.0% of sodium phenylbutyrate
(C10H11NaO2), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Identification Tests—General, Sodium 191
Sample solution:  Dissolve 150 mg in 2 mL of water.
Acceptance criteria:  Meets the requirements of the pyroantimonate precipitation test

ASSAY
•  Procedure

Sample:  150 mg
Analysis:  Disperse the Sample in 50 mL of anhydrous acetic acid. [Note—The opalescence

of the solution disappears during the titration.] Titrate with 0.1 N perchloric acid VS,
determining the endpoint potentiometrically. Each mL of 0.1 N perchloric acid is equivalent
to 18.62 mg of sodium phenylbutyrate (C10H11NaO2).

Acceptance criteria:  99.0%–101.0% on the anhydrous basis

IMPURITIES
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•  Heavy Metals, Method I 231
Test preparation:  Dissolve 2.0 g in a 20-mL mixture of dehydrated alcohol and water

(75:25).
Standard lead solution:  Prepare as directed in the chapter, except use a mixture of

dehydrated alcohol and water (75:25) instead of water.
Acceptance criteria:  NMT 10 ppm

•  Limit of Sodium Phenylbutyrate Related Compound C
Silylation solution:  To 2 mL of bis(trimethylsilyl)trifluoroacetamide add 0.04 mL of

chlorotrimethylsilane, and mix.
Sample solution:  Dissolve 50.0 mg of Sodium Phenylbutyrate in 3 mL of water, and add

0.5 mL of hydrochloric acid. Extract with 2 quantities, each of 5 mL, of methylene
chloride. Evaporate the combined methylene chloride extracts to dryness in a vial with a

screw cap, and add 0.5 mL of the Silylation solution. Seal the vial, and heat at 70 ± 5  for
20 min.

Standard stock solution:  0.5 mg/mL of USP Sodium Phenylbutyrate Related Compound C
RS in methylene chloride

Diluted standard stock solution:  0.05 mg/mL of USP Sodium Phenylbutyrate Related
Compound C RS in methylene chloride from Standard stock solution

Standard solution:  Place an amount of the Diluted standard stock solution, equivalent to
0.05 mg, in a vial with a screw cap, evaporate to dryness, and add 0.5 mL of the

Silylation solution. Seal the vial, and heat at 70 ± 5  for 20 min.
System suitability solution:  Prepare a solution containing 0.4 mg/mL of USP Sodium

Phenylbutyrate RS in water. To 3 mL of this solution add 0.1 mL of hydrochloric acid.
Extract with 2 quantities, each of 5 mL, of methylene chloride. Combine the methylene
chloride extracts in a vial with a screw cap, and add 2 mL of Standard stock solution.
Evaporate to dryness, and add 0.5 mL of the Silylation solution. Seal the vial, and heat at

70 ± 5  for 20 min.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  25-m × 0.25-mm fused silica capillary; coated with a 1.0-µm film of phase G27
Temperatures 

Injector:  270

Detector:  270
Column:  See Table 1

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final 
Temperature

( )

Hold Time
at Final

Temperature
(min)

50 0 50 5
50 10 270 5

Carrier gas:  Helium
Flow rate:  0.9 mL/min
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Injection volume:  1 µL
Split ratio:  1:100

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for sodium phenylbutyrate related compound C and

phenylbutyrate are about 0.98 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the sodium phenylbutyrate related compound C and
phenylbutyrate peaks

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of sodium phenylbutyrate related compound C in the portion of
Sodium Phenylbutyrate taken:

Result = (rU/rS) × (WS/WU) × 100

rU= peak response of sodium phenylbutyrate related compound C from the Sample solution
rS= peak response of sodium phenylbutyrate related compound C from the Standard

solution
WS= amount of USP Sodium Phenylbutyrate Related Compound C RS taken to prepare the

Standard solution (mg)
WU= amount of Sodium Phenylbutyrate taken to prepare the Sample solution (mg)
Acceptance criteria:  NMT 0.1%

•  Organic Impurities
Mobile phase:  Methanol, glacial acetic acid, and water (49:1:50)
Impurity stock solution A:  0.1 mg/mL of USP Sodium Phenylbutyrate Related Compound A

RS in methanol
Impurity standard solution A:  Dilute 1.0 mL of Impurity stock solution A with water to

50.0 mL. This solution contains 2 µg/mL of USP Sodium Phenylbutyrate Related Compound
A RS.

Impurity stock solution B:  0.02 mg/mL of USP Sodium Phenylbutyrate Related Compound
B RS in methanol

Impurity standard solution B:  Dilute 1.0 mL of Impurity stock solution B with water to
50.0 mL. This solution contains 0.4 µg/mL of USP Sodium Phenylbutyrate Related
Compound B RS.

System suitability solution:  Prepare a solution containing 20 mg/mL of USP Sodium
Phenylbutyrate RS in methanol. Transfer 10 mL of this solution to a 50-mL volumetric
flask, add 1.0 mL of Impurity stock solution B, and dilute with water to volume.

Sensitivity solution:  Dilute 6.0 mL of Impurity standard solution A with water to 10.0 mL.
This solution contains 1.2 µg/mL of USP Sodium Phenylbutyrate Related Compound A RS.

Sample solution:  4.0 mg/mL of Sodium Phenylbutyrate, prepared as follows. Dissolve it
first in methanol, using 20% of the final volume, and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 245 nm
Column:  4.6-mm × 25-cm; 5-µm base-deactivated end-capped packing L1
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Flow rate:  1.3 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution and Sensitivity solution
Suitability requirements 

Resolution:  NLT 6 between phenylbutyrate and sodium phenylbutyrate related
compound B, System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Samples:  Impurity standard solution A, Impurity standard solution B, and Sample
solution

Calculate the percentage of sodium phenylbutyrate related compound A or sodium
phenylbutyrate related compound B in the portion of Sodium Phenylbutyrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of respective impurity in the Sample solution
rS= peak response of sodium phenylbutyrate related compound A or sodium phenylbutyrate

related compound B in the respective Impurity standard solution
CS= concentration of USP Sodium Phenylbutyrate Related Compound A RS or USP Sodium

Phenylbutyrate Related Compound B RS in the respective Impurity standard solution
(mg/mL)

CU= concentration of Sodium Phenylbutyrate in the Sample solution (mg/mL)

Calculate the percentage of any individual unspecified impurity in the portion of Sodium
Phenylbutyrate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each unspecified impurity in the Sample solution
rS= peak response of sodium phenylbutyrate related compound A in Impurity standard

solution A
CS= concentration of USP Sodium Phenylbutyrate Related Compound A RS in Impurity

standard solution A (mg/mL)
CU= concentration of Sodium Phenylbutyrate in the Sample solution (mg/mL)
Acceptance criteria:  See Table 2. Disregard any peak below 0.03%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Sodium phenylbutyrate related compound A 0.3 0.1
Sodium phenylbutyrate related compound B 0.7 0.01
Sodium phenylbutyrate 1.0 —
Any individual unspecified Impurity — 0.05
Total impurities — 0.1

SPECIFIC TESTS

•  Water Determination, Method Ia 921 : NMT 0.5%
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•  pH 791
Sample solution:  20 mg/mL in carbon dioxide-free water
Acceptance criteria:  6.5–7.5

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve under argon in tight containers. Store at room

temperature.

•  USP Reference Standards 11
USP Sodium Phenylbutyrate RS 
USP Sodium Phenylbutyrate Related Compound A RS 

3-Benzoylpropionic acid;     
4-Oxo-4-phenylbutanoic acid.     
C10H10O3      178.18

USP Sodium Phenylbutyrate Related Compound B RS 
-Tetralone;     

3,4-Dihydronaphthalen-1(2H)-one.     
C10H10O      146.19

USP Sodium Phenylbutyrate Related Compound C RS 
4-Cyclohexylbutanoic acid.     
C10H18O2      170.25

BRIEFING

Sulbactam Sodium, USP 36 page 5207. The following revisions are proposed:

1. As part of USP's monograph modernization initiative, a test for Organic Impurities is
added based on the European Pharmacopoeia 7.7 monograph with modifications to
column dimensions and system suitability criteria. The proposed procedure has
improved selectivity. A suitable column is the ACE 3 C18 brand of L1 column. The
typical retention time for sulbactam is 3 min.

2. The Assay is replaced with a procedure that uses the same chromatographic system as
the test for Organic Impurities.

3. The USP Reference Standards section is revised to include reference materials that are
needed in the test for Organic Impurities.

(SM1: A. Wise.)
Correspondence Number—C114965

Comment deadline: September 30, 2013
Sulbactam Sodium

2S (USP37)
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C8H10NNaO5S       255.22 

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 3,3-dimethyl-7-oxo-, 4,4-dioxide, sodium
salt, (2S-cis)-;     
Sodium (2S,5R)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylate 4,4-
dioxide     [69388-84-7].

DEFINITION

Sulbactam Sodium contains NLT 886 µg/mg and NMT 941 µg/mg of sulbactam (C8H11NO5S),
calculated on the anhydrous basis.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Identification Tests—General, Sodium 191 : Meets the requirements

ASSAY

Change to read:
•  Procedure

Solution A:  Dilute 6.6 mL of a 40% solution of tetrabutylammonium hydroxide with water
to obtain 1800 mL of solution. Adjust with 1 M phosphoric acid to a pH of 5.0 ± 0.1, and
dilute with water to 2000 mL.

Mobile phase:  Acetonitrile and Solution A (35:165)
Standard solution:  1 mg/mL of USP Sulbactam RS in Mobile phase. Inject this solution

promptly.
Sample solution:  1.1 mg/mL of Sulbactam Sodium in Mobile phase. Inject this solution

promptly.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 230 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL
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System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 3500 theoretical plates
Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg, of sulbactam (C8H11NO5S) in each mg of Sulbactam Sodium
taken:

Result = (rU/rS) × (CS/CU) × P × F

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU= concentration of Sulbactam Sodium in the Sample solution (mg/mL)
P= potency of sulbactam in USP Sulbactam RS (mg/mg)
F= conversion factor, 1000 µg/mg

Acceptance criteria:  886–941 µg/mg on the anhydrous basis
Buffer A:  5.4 g/L of monobasic potassium phosphate adjusted with dilute phosphoric acid
to a pH of 4.0
Buffer B:  2.7 g/L of monobasic potassium phosphate adjusted with dilute phosphoric

acid to a pH of 4.0
Mobile phase:  See Table 1.

Table 1

Time
(min)

Buffer A
(%)

Acetonitrile
(%)

0 98 2
7.5 50 50
8.5 50 50
9.0 98 2
12.5 98 2

Standard solution:  0.7 mg/mL of USP Sulbactam RS prepared as follows. Dissolve a
suitable amount of USP Sulbactam RS in acetonitrile, using 2% of the final volume, and
dilute with Buffer B to volume.

Sample solution:  0.77 mg/mL of Sulbactam Sodium prepared as follows. Dissolve a
suitable amount of Sulbactam Sodium in acetonitrile, using 2% of the final volume, and
dilute with Buffer B to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4-mm × 15-cm; 3-µm packing L1

Column temperature:  40
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Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.73%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the quantity, in µg, of sulbactam (C8H11NO5S) in each mg of Sulbactam
Sodium taken:

Result = (rU/rS) × (CS/CU) × P × F

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU= concentration of Sulbactam Sodium in the Sample solution (mg/mL)
P= potency of sulbactam in USP Sulbactam RS (mg/mg)
F= conversion factor, 1000 µg/mg
Acceptance criteria:  886–941 µg/mg on the anhydrous basis

IMPURITIES

Add the following:
•  Organic Impurities

Buffer A, Buffer B, Mobile phase, Sample solution, and Chromatographic system:
 Proceed as directed in the Assay.

Diluent:  2 mL of acetonitrile diluted with Buffer B to 100 mL
System suitability solution:  0.7 µg/mL each of USP Sulbactam Related Compound A RS,

USP Sulbactam Related Compound C RS, USP Sulbactam Related Compound D RS, USP
Sulbactam Related Compound E RS, and USP Sulbactam Related Compound F RS prepared
as follows. Dissolve suitable amounts of USP Sulbactam Related Compound A RS, USP
Sulbactam Related Compound C RS, USP Sulbactam Related Compound D RS, USP
Sulbactam Related Compound E RS, and USP Sulbactam Related Compound F RS in
acetonitrile using 10% of the final volume, and sonicate as needed. Dilute with Diluent to
volume.

Standard stock solution:  0.7 mg/mL of USP Sulbactam RS prepared as follows. Dissolve a
suitable amount of USP Sulbactam RS in acetonitrile, using 2% of the final volume, and
dilute with Buffer B to volume.

Standard solution:  0.7 µg/mL of USP Sulbactam RS from Standard stock solution in Diluent
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between sulbactam related compound D and sulbactam related
compound E, System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution
Analysis 

2S (USP37)
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Samples:  Sample solution and Standard solution

Calculate the percentage of each impurity in the portion of Sulbactam Sodium taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sulbactam RS in the Standard solution (mg/mL)
CU= concentration of Sulbactam Sodium in the Sample solution (mg/mL)
P= potency of sulbactam in USP Sulbactam RS (mg/mg)
F= relative response factor (see Table 2)
Acceptance criteria:  See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Sulbactam related compound Aa 0.4 1.7 0.5

Amoxicillin related compound Ab 0.6 2.0 0.1
Sulbactam 1.0 — —

Sulbactam related compound Cc 1.6 1.0 0.2

Sulbactam related compound Dd 2.0 2.0 0.1

Sulbactam related compound Ee 2.1 1.0 0.2

Sulbactam related compound Ff 2.5 1.7 0.1
Any individual unspecified impurity — 1.0 0.10
Total impurities — — 1.0

a  3-Sulfino-d-valine; (2S)-2-amino-3-methyl-3-sulfinobutanoic acid.
b  6-Aminopenicillanic acid; (2S,5R,6R)-6-amino-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
c  6-Bromopenicillanic acid sulfone; (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide.
d  6-Bromopenicillanic acid; (2S,5R,6R)-6-bromo-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.
e  6,6-Dibromopenicillanic acid sulfone; (2S,5R)-6,6-dibromo-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid 4,4-dioxide.
f  6,6-Dibromopenicillanic acid; (2S,5R)-6,6-dibromo-3,3-dimethyl-7-oxo-4-thia-1-

azabicyclo[3.2.0]heptane-2-carboxylic acid.

SPECIFIC TESTS

•  Crystallinity 695 : Meets the requirements

•  Bacterial Endotoxins Test 85 : Where the label states that Sulbactam Sodium is sterile
or must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.17 USP Endotoxin Unit/mg of sulbactam.

•  Sterility Tests 71 : Where the label states that Sulbactam Sodium is sterile, it meets the

2S (USP37)
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requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.

•  Water Determination, Method I 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

Change to read:

•  USP Reference Standards 11
USP Endotoxin RS
USP Sulbactam RS 
USP Sulbactam Related Compound A RS 

(2S)-2-Amino-3-methyl-3-sulfinobutanoic acid. 
C5H11NO4S      181.21

USP Sulbactam Related Compound C RS 
(2S,5R,6R)-6-Bromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide. 
C8H10BrNO5S      312.14

USP Sulbactam Related Compound D RS 
(2S,5R,6R)-6-Bromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid, potassium salt. 
C8H9BrKNO3S      318.23

USP Sulbactam Related Compound E RS 
(2S,5R)-6,6-Dibromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid 4,4-dioxide. 
C8H9Br2NO5S      391.03

USP Sulbactam Related Compound F RS 
(2S,5R)-6,6-Dibromo-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-
carboxylic acid. 
C8H9Br2NO3S      359.03

BRIEFING

Topiramate Compounded Oral Suspension. Because there is no existing USP monograph for
this dosage form, a new monograph is being proposed. The liquid chromatographic procedure
in the Assay is based on analyses performed using a Hypersil ODS-2 brand of L1 column. The
typical retention time for topiramate is about 8.8 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129891

Comment deadline: September 30, 2013

Add the following:
Topiramate Compounded Oral Suspension

DEFINITION

2S (USP37)
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Topiramate Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of topiramate (C12H21NO8S). 
Prepare Topiramate Compounded Oral Suspension 20 mg/mL as follows (see Pharmaceutical

Compounding—Nonsterile Preparations 795 ).

Topiramate tabletsa or powder, equivalent to 2 g

Vehicle: a 1:1 mixture of Ora-Sweetb and Ora-Plus,b a sufficient quantity to make 100 mL

a  Topiramate 200-mg tablets, Torrent Pharmaceuticals LTD, Kalamazoo, MI.
b  Perrigo, Minneapolis, MN.

If using tablets, comminute the tablets to a fine powder in a suitable mortar or other
mechanical means, or add Topiramate powder to the mortar. Wet the powder with a small
amount of Vehicle, and triturate to make a smooth paste. Add increasing volumes of the
Vehicle to make the mortar contents pourable. Transfer the contents of the mortar, stepwise
and quantitatively, to a calibrated container using the remainder of the Vehicle. Add sufficient
Vehicle to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  Weigh 6.24 g of monobasic sodium phosphate dihydrate, and transfer to a 1-L
volumetric flask. Dissolve in 800 mL of water, add 30 mL of triethylamine, and adjust with
phosphoric acid to a pH of 2.8. Dilute with water to volume, and mix thoroughly.

Solution B:  Weigh 6.25 g of boric acid and 7.5 g of potassium chloride, and transfer to a 1-
L volumetric flask. Dissolve in 900 mL of water, and adjust with potassium hydroxide to a
pH of 7.8. Dilute with water to volume, and mix thoroughly.

Solution C:  Transfer 50 mg of 9-fluorenylmethyl chloroformate to a 10-mL volumetric flask,

and dilute with acetonitrile to volume. Store at 4 , and protect from light.
Solution D:  Transfer 100 mg of glycine to a 10-mL volumetric flask, and dilute with water

to volume.
Mobile phase:  Acetonitrile and Solution A (48:52). Filter, and degas.
Standard stock solution:  1 mg/mL of USP Topiramate RS in acetonitrile
Standard solution:  Transfer 1 mL of Standard stock solution into a 10-mL volumetric flask,

dilute with Solution B to volume, and mix well.
Sample solution:  Shake thoroughly each bottle of Oral Suspension. Transfer 0.5 mL of the

Oral Suspension into a 10-mL volumetric flask, add 2 mL of water and 5 mL of acetonitrile,
and sonicate for 10 min. Dilute with water to volume, and mix well. Pass through a PVDF
filter of 0.45-µm pore size, discarding the first 3 mL of filtrate. Mix 1 mL of the filtrate with
9 mL of Solution B. Transfer 100 µL of the resulting solution into a HPLC vial, add 50 µL of

Solution C, and mix on a vortex mixer for 20 s. Incubate at 50  for 15 min. Immediately
add 100 µL of Solution D to the vial to terminate the reaction. Mix on a vortex mixer for 10
s, and allow to stand for at least 1 min prior to analysis.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 264 nm
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Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  52
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for topiramate is about 8.8 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of topiramate (C12H21NO8S) in the portion
of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of topiramate from the Sample solution
rS= peak response of topiramate from the Standard solution
CS= concentration of topiramate in the Standard solution (mg/mL)
CU= nominal concentration of topiramate in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 3.9–4.9

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the

Beyond-Use Date.
•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at controlled cold temperature or controlled room temperature.

•  USP Reference Standards 11
USP Topiramate RS 

BRIEFING

Trazodone Hydrochloride Tablets, USP 36 page 5452. It is proposed to revise the monograph
with the following changes:

1. Add a liquid chromatographic procedure in the test for Organic Impurities. This
procedure is based on validation performed with an ACE brand of L1 packing column
manufactured by Advanced Chromatograph Technologies. The typical retention time
for trazodone is about 32 min.

2. Add a storage condition in the Packing and Storage section.
3. Add a new Reference Standard, USP Trazodone Related Compound C RS, to use in the

2S (USP37)
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Suitability requirements section of the test for Organic Impurities.
4. Include a formula for calculation in the Dissolution test.
5. Monograph format changes to reflect current USP style.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C126272

Comment deadline: September 30, 2013
Trazodone Hydrochloride Tablets

DEFINITION

Trazodone Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
trazodone hydrochloride (C19H22ClN5O·HCl).

IDENTIFICATION

•  A. Thin-Layer Chromatography 201
Standard solution:  20 mg/mL of USP Trazodone Hydrochloride RS in methanol
Sample solution:  Nominally 20 mg/mL of trazodone hydrochloride in methanol from a

suitable number of Tablets (equivalent to NLT 150 mg) prepared as follows. Place the
Tablets in a tube. Add the required amount of methanol, and sonicate until the Tablets
have disintegrated. Shake the tube, by hand, for a few seconds to mix, and then filter.

Application volume:  1 µL
Developing solvent system:  Cyclohexane, alcohol, toluene, and diethylamine

(80:30:20:20)
Analysis 

Samples:  Standard solution and Sample solution 
Proceed as directed in the chapter, except locate the spots on the plate by examination
under long-wavelength UV light.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  1.15 g/L of monobasic ammonium phosphate, adjusted with sodium hydroxide to a
pH of 6.0

Mobile phase:  Methanol and Buffer (75:25)
Standard solution:  0.1 mg/mL of USP Trazodone Hydrochloride RS in 0.01 N hydrochloric

acid
Sample solution:  Nominally 0.1 mg/mL of trazodone hydrochloride from NLT 20 finely

powdered Tablets. Transfer a suitable quantity of the powder to a suitable volumetric
flask. Dissolve in 0.01 N hydrochloric acid, and dilute with 0.01 N hydrochloric acid to
volume. Sonicate for about 30 min, and pass through a nylon filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
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Detector:  UV 246 nm
Column:  5-mm × 10-cm; 4 µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor:  NLT 1.5

Column efficiency:  NLT 900 theoretical plates
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of trazodone hydrochloride
(C19H22ClN5O·HCl) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of trazodone from the Sample solution
rS= peak response of trazodone from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of trazodone hydrochloride in the Sample solution (mg/mL)
Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  0.01 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  60 min 

Determine the percentage of the labeled amount of trazodone hydrochloride
(C19H22ClN5O·HCl) dissolved by using the following method.

Mobile phase, Standard solution, Chromatographic system, and System suitability:
 Proceed as directed in the Assay.

Sample solution:  Pass the solution through a nylon filter having 0.45-µm pore size.
Analysis:  

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of trazodone hydrochloride
(C19H22ClN5O·HCl ) dissolved:

Result = (rU/rS) × CS × V × (1/L) ×100
rU= peak response of trazodone from the Sample solution
rS= peak response of trazodone from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (mg/mL)
V= volume of medium, 900 mL
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L= label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of trazodone hydrochloride (C19H22ClN5O·HCl)
is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  6.75 g/L of monobasic potassium phosphate in water. Add 1.0 mL of
triethylamine for each L of the solution, and mix.

Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
5 90 10
30 60 40
35 60 40
60 42 58
63 30 70
78 30 70

78.1 90 10
90 90 10

Diluent:  Methanol, water, and hydrochloric acid (650:350:3)
System suitability solution:  0.7 µg/mL of USP Trazodone Hydrochloride RS and 1.5 µg/mL

of USP Trazodone Related Compound C RS in Diluent
Standard solution:  0.7 µg/mL of USP Trazodone Hydrochloride RS in Diluent
Sample solution:  Nominally 500 µg/mL of trazodone from finely powdered Tablets (NLT 20)

prepared as follows. Transfer a portion of powdered Tablets (NLT 50 mg) to a suitable
volumetric flask. Add about 80% of the flask volume of Diluent, and sonicate for 10 min.
Dilute with Diluent to volume. Pass a portion of the solution through a suitable membrane
filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.0-mm × 15-cm; 3-µm packing L1
Flow rate:  0.7 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 2.5 between the trazodone related compound C and trazodone peaks,

2S (USP37)

PF 39(4): Jul.-Aug. 2013 441



System suitability solution
Tailing factor:  NMT 2.0 for the trazodone peak, Standard solution
Relative standard deviation:  NMT 5.0% for 6 replicate injections, Standard solution

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of trazodone from the Standard solution
CS= concentration of USP Trazodone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of trazodone in the Sample solution (µg/mL)
Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Triazolopyridinonea, b 0.1 —

Chlorophenylpiperazinea,c 0.6 —

Hydroxypropyl chlorophenylpiperazinea,d 0.7 —

Isotrazodonea,e 0.8 —

Trazodone related compound Ca 0.97 —
Trazodone hydrochloride 1.0 —

Trazodone dimera,f 1.5 —

Trazodone related compound Fa,g 1.6 —

Bispiperazine analoga,h 1.8 —

Bis(3-chlorophenyl)piperazinea,i 2.2 —
Any individual unspecified degradation product — 1.0
Total impurities — 2.0

a  Process impurity included for identification only and not included in the calculation of
total impurities.

b  [1,2,4]Triazolo[4,3-a]pyridin-3(2H)-one.
c  1-(3-Chlorophenyl)piperazine.
d  3-[4-(3-Chlorophenyl)piperazin-1-yl]propan-1-ol.
e  1-{3-[4-(3-Chlorophenyl)piperazin-1-yl]propyl}-[1,2,4]triazolo[4,3-a]pyridin-1-ium-3-

olate.
f  1,1-Bis{2-chloro-[4-(3-{1,2,4-triazolo[4,3-a]pyridin-3-(2H)-on-2-yl}propyl)piperazine-

1-yl]phenyl}ethane trihydrochloride.
g  1-(3-Chlorophenyl)-4-(3-chloropropyl)piperazine.
h  1,3-Bis(4-(3-chlorophenyl)piperazin-1-yl)propane.
i  1,4-Bis(3-chlorophenyl)piperazine.
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Trazodone Hydrochloride RS 
USP Trazodone Related Compound C RS  

2-{3-[4-(4-Chlorophenyl)piperazin-1-yl]propyl}-[1,2,4]triazolo[4,3-a]pyridin-3(2H)-one
hydrochloride. 
C19H22ClN5O·HCl      408.32

BRIEFING

Valproic Acid Capsules, page 6057 of the First Supplement to USP 36. On the basis of
comments received, it is proposed to revise the Sample solution preparation in the Assay for
flexibility and clarification.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C128977

Comment deadline: September 30, 2013
Valproic Acid Capsules

DEFINITION

Valproic Acid Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of valproic
acid (C8H16O2).

IDENTIFICATION

Change to read:
•  A.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.
•  B.

Sample:  Equivalent to 250 mg of valproic acid
Analysis:  Place the Sample in a separator, add 20 mL of 1 N sodium hydroxide, shake, and

allow the layers to separate. Transfer the aqueous layer to a second separator, add 4 mL
of hydrochloric acid, mix, and extract with 40 mL of n-heptane. Filter the n-heptane layer
through glass wool into a beaker, and evaporate the solvent completely on a steam bath
with the aid of a current of air. Transfer 2 drops of the residue to a test tube containing
0.5 mL each of potassium iodide solution (1 in 50) and potassium iodate solution (1 in 25),
and mix.

Acceptance criteria:  A yellow color is produced.

ASSAY

Change to read:

2S (USP37)
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•  Procedure
Buffer:  3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase:  Acetonitrile and Buffer (45:55)
Diluent:  Acetonitrile and water (45:55)
System suitability solution:  0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP

Valproic Acid Related Compound B RS in Diluent
Standard solution:  0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution:  Nominally 0.5 mg/mL of valproic acid
from the contents of the Capsules

in Diluent, prepared as follows. Transfer a weighed amount of Capsule contents (NLT 20)
suitable portion of the contents of NLT 20 Capsules

to an appropriate volumetric flask, and dilute with Diluent to volume. Sonicate the
resulting solution for 5 min. Alternatively, stir the resulting solution for 1 h. Centrifuge a
portion of the solution for about 10 min.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 215 nm
Column:  4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for valproic acid related compound B and valproic

acid are 0.90 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of valproic acid (C8H16O2) in the
portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
CU= nominal concentration of valproic acid in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:
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Change to read:

•  Dissolution 711
Medium:  5 mg/mL of sodium lauryl sulfate in simulated intestinal fluid TS (prepared without

the enzyme and with monobasic sodium phosphate instead of monobasic potassium
phosphate), adjusted with 5 M sodium hydroxide to a pH of 7.5; 900 mL

Apparatus 2:  50 rpm
Time:  60 min

Internal standard solution:  5 mg/mL of biphenyl in n-heptane
Standard stock solution:  (L/900) mg/mL of USP Valproic Acid RS in Medium, where L is

the label claim, in mg/Capsule
Standard solution:  (L/450) mg/mL of USP Valproic Acid RS from the Standard stock

solution, where L is the label claim, in mg/Capsule, prepared as follows. Transfer 10.0
mL of the Standard stock solution to a suitable container, add 3.0 g of sodium chloride,
and mix on a vortex mixer for 5 min. Add 1 mL of 6 N hydrochloric acid and 5.0 mL of
the Internal standard solution, and shake for 2 min. Allow the phases to separate,
remove the n-heptane layer, and filter.

Sample solution:  Nominally (L/450) mg/mL of valproic acid, where L is the label claim, in
mg/Capsule, prepared as follows. Transfer 10.0 mL of the solution under test to a
suitable container, add 3.0 g of sodium chloride, and mix on a vortex mixer for 5 min.
Add 1 mL of 6 N hydrochloric acid and 5.0 mL of the Internal standard solution, and
shake for 2 min. Allow the phases to separate, remove the n-heptane layer, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  2-mm × 1.8-m glass; packed with 10% phase G34 on 80- to 100-mesh

support S1A
Temperatures 

Column:  150

Injection port:  250

Detector:  250
Carrier gas:  Dry helium
Flow rate:  40 mL/min
Injection volume:  2 µL

System suitability 
[Note—The relative retention times for valproic acid and biphenyl are 0.5 and 1.0,

respectively.]
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between valproic acid and biphenyl
Relative standard deviation:  NMT 2%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of valproic acid (C8H16O2) dissolved:

Result = (RU/RS) × CS × (V/L) × 100

1S (USP36)

PF 39(4): Jul.-Aug. 2013 445



RU= peak response ratio of valproic acid to the internal standard from the Sample solution
RS= peak response ratio of valproic acid to the internal standard from the Standard solution
CS= concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances:  NLT 85% (Q) of valproic acid (C8H16O2) is dissolved.

Change to read:

•  Uniformity of Dosage Units 905 : Meet the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

Change to read:

•  USP Reference Standards 11
USP Valproic Acid RS 
USP Valproic Acid Related Compound B RS  

(2RS)-2-(1-Methylethyl)pentanoic acid. 
C8H16O2      144.21
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Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.

PF 39(4): Jul.-Aug. 2013 447



Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

STIMULI TO THE REVISION PROCESS

This section may contain the following:

• reports or statements of Expert Committees

• original research reports

• evaluations of new and existing pharmacopeial methods

• commentaries

• articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.

Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
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A New General Chapter on Tablet Splitting

Galen W Radebaugh,a James E DeMuth,a Alan F Parr,a Raymond D Skwierczynski,a Alex M
Viehmann,b Russell P Wesdyk,b William E Brownc

ABSTRACT The USP Dosage Forms Expert Committee proposes a new general chapter to
provide quality attributes for functionally scored tablets that may be subdivided. The standard
in the chapter applies to tablets registered following the FDA Guidance for Industry, Tablet
Scoring: Nomenclature, Labeling, and Data for Evaluation. The proposed general chapter
addresses the need for procedures and criteria that address the quality of subdivided portions
from scored tablets.

INTRODUCTION 

A new general chapter, Quality Attributes of Tablets Labeled as Having a Functional Score 

705 , is proposed in the In-Process Revision section of this Pharmacopeial Forum. This general
chapter provides a public standard to help ensure the quality of tablets labeled as having a
functional score (defined below). Monographs for tablets labeled as having a functional score
can make reference to this chapter.

BACKGROUND 
Managed-care providers and healthcare professionals routinely recommend that patients break
or split tablets to adjust dose, reduce costs, or facilitate swallowing. These recommendations
are made on the assumption that the split tablet portions provide accurate fractional doses and
perform equivalently to their unsplit presentations. Similarly, manufacturers of tablets have
applied scores (sometimes referred to as bisects) for a variety of reasons, including: provision
for a fractional dose (functional score); allowance of a reduction in tablet size to aid
swallowing; or cosmetic purposes. In general, the presence of a score is viewed as an
invitation to split the tablet. 
Most scores on currently marketed tablets are not labeled as functional scores but are
assumed to be functional scores by patients and healthcare professionals. A functional score is
one that is intended to produce a fractional dose with reliable quality and safety. Until recently,
there have been no regulatory definitions of a functional score or requirements to ensure that it
performs as intended. 
Published data have demonstrated the lack of reliability of current scores to deliver accurate
doses and the lack of patient satisfaction with the process of tablet splitting (1–10). 
Regulatory reactions to these issues have included a monograph in the European
Pharmacopoeia (EP) 7.0 (2010) on Subdivision of Tablets (within the Tablets general
monograph) (11) and a draft FDA Guidance for Industry (August 2011) titled Tablet Scoring:
Nomenclature, Labeling, and Data for Evaluation (12). Both the EP monograph and the FDA
guidance are intended to serve as a development guide for manufacturers of functionally
scored tablets. They are not intended to provide quality standards for market surveillance.
Functional tablet scores are assessed in the framework of the product registration. 
The EP monograph relies on uniformity of mass and provides a test procedure. The test
procedure assesses the breaking of 30 tablets by hand, whereby 1 split portion of each tablet
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is retained and the other parts are rejected. Each of the 30 retained split portions is weighed,
and the average mass is calculated. Acceptance criteria require that NMT 1 individual mass is
outside the limits of 85%–115% of the average mass and no individual mass is outside the limits
of 75%–125% of the average mass. 
The EP procedure presents several challenges, which include: allowance for only one split
portion from a split tablet to conform; reliance on uniformity of mass but not uniformity of
break; assumption of content uniformity throughout the unsplit tablet; built-in burden on the
analyst to select the “appropriate” pieces to avoid bias; implication of adherence to quality
attributes during development and assumption that those attributes are met during commercial
production; and lack of a framework for market surveillance. 
The FDA guidance provides recommendations for drug application content regarding the
scientific basis for functional scores on solid oral dosage products to ensure the quality of both
innovator and generic scored products. The guidance does not address finished-product testing
or market surveillance but prescribes criteria by which scored tablets can be evaluated and
labeled. It also provides a harmonized approach to Chemistry, Manufacturing, and Controls
reviews, consistent nomenclature (e.g., score vs. bisect), and information for healthcare
professionals via labeling. 
FDA's guidelines and criteria for evaluating scored tablets include:

the dosage amount after splitting should be NLT the minimum therapeutic dose
according to approved labeling
the scored tablets should be safe to handle and should not pose a risk of unintended
drug exposure (e.g., to teratogenic drugs, hormones, or chemotherapeutic agents)
modified-release products for which controlled drug release may be compromised by
splitting (e.g., because of an osmotic coating) should not be scored
split tablets should have satisfactory stability in pharmacy dispensing containers for at

least 90 days at 25 C/60% RH
each split portion should meet the same testing requirements as intact tablets with
equivalent strength (e.g., standards for identity, strength, quality, and purity—
comprised in the more comprehensive term quality)
the assessment should be undertaken on both tablets that are split nonmechanically (by
hand) and on tablets that are split mechanically (using a tablet splitter).

Typically, all solid oral dosage forms should be assessed during primary stability and scale-up of
manufacturing to the to-be-marketed dosage form. Immediate-release solid oral dosage forms

should meet the following criteria: compliance with Uniformity of Dosage Units 905 ;
demonstration of the ability to split functionally scored tablets (splittability) at both ends of the
proposed tablet hardness range; and comparable dissolution of split tablet portions and unsplit
tablets. More specifically, for immediate-release tablets, dissolution of the split tablet portions
should meet intact-tablet finished product release requirements. For extended-release matrix
tablets, the dissolution of the split portions also should meet intact-tablet finished product
requirements, but, in addition, dissolution should be demonstrated at both ends of the hardness
range and dissolution of both intact and split portions should meet the similarity factor (f2)
criteria. Extended-release tablets that use compressed film-coated components should meet all
previously described dissolution criteria, but, in addition, dissolution profiles of precompressed
components and postcompressed intact and split portions should meet f2 criteria in order to
ascertain the integrity of components after compression.
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THE NEW GENERAL CHAPTER 
The proposed new general chapter seeks to identify critical quality attributes so that tests
based on these attributes with associated procedures and acceptance criteria will apply over

the commercial life of the product in the context of the FDA guidance. Draft chapter 705
presents a control strategy with a focus on splittability, dissolution, and disintegration. For
splittability, the proposed USP approach uses weighing only and does not rely on determination
of content uniformity. This reduction in testing intensity is based on the assumption that
content uniformity for the intact tablet is acceptable. 

For dissolution, the approach relies on the use of Dissolution 711  for immediate-release and
extended-release tablets. For extended-release tablets, analysts have the option of using
profile comparison with the f2 similarity factor as described in the FDA Guidance for Industry
Dissolution Testing of Immediate-Release Solid Oral Dosage Forms (13). Disintegration should
be used only when it is a surrogate for dissolution testing as approved by regulatory authorities
and is included in the product monograph. Such decisions usually result from following decision

tree #7 in ICH Q6A. The dissolution test options available in proposed chapter 705  are
summarized in Table 1.

Table 1. Dissolution Procedures in Quality Attributes of Tablets Labeled as Having a

Functional Score 705

Release
Pattern Formulation Sample Procedure

Immediate
— 12 split

portions

S2 criteria Acceptance Table 1

711

Extended
Matrix or with compressed film-
coated components

12 split
portions
12 intact
tablets

f2 profile comparison (Procedure
1)

Extended
Matrix or with compressed film-
coated components

12 split
portions

L2 criteria Acceptance Table 2

711  (Procedure 2)

Several methods were investigated as options for assessing the splittability of functionally
scored tablets, and both parametric and nonparametric approaches were considered. The
parametric approaches were a two-sided tolerance interval and a two one-sided tolerance
interval. Both methods currently are used to assess uniformity of dosage units for intact tablets
(14). The two-sided tolerance interval controls for a proportion of tablet segments to be within
specified limits, and the two one-sided interval controls for a proportion of tablet segments to
be above a lower limit and for a proportion of tablet segments to be below an upper limit (15).
Parametric tolerance intervals assume the data (the weights of the split portions of the tablet)
are normally distributed (15). In assessing splittability, the Expert Committee was concerned
about the possibility of falsely assuming that split portion weights follow a normal distribution.
The Expert Committee recognized that a tablet could split into more than the expected number
of pieces and, in the extreme, the tablet could disintegrate to powder. This increase in the
number of split portions in the extreme case would cause a shift and skew the distribution of
weights (see Figures 1 and 2). Each particle would be considered equally for sampling. For this
approach, the analyst would assume the responsibility for avoiding bias when taking the sample
or likely sample from the powder. The probability of passing a parametric tolerance interval test
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would be decreased as a result. 
The distribution free approaches to the evaluation of tablet splitting were a distribution free
tolerance interval and single-stage attribute-sampling plan (counting test). The distribution free
tolerance interval requires that the data are continuous and should be used when the
distribution is unknown or is assumed not to be normal. The major concern with a
nonparametric interval is that large numbers of samples are required to achieve a high level of

confidence (15). The approach proposed in 705  is the single-stage attribute-sampling plan
(16). This method also is used for assessing the dose content uniformity of intact tablets (17).
The desired attribute (i.e., an acceptable tablet) is an intact tablet that splits into the desired
number of portions, each of which weighs NMT 125% and NLT 75% of the expected weight
(expected weight = total tablet weight/desired number of portions). The number unacceptable
tablets is binomially distributed B(n,p), where n = sample size and p = proportion defective. The
acceptance criteria proposed is n = 30 and c = 2, where n = sample size and c = acceptance
number. These criteria provide an Acceptable Quality Level (AQL) = 2.79 and a Lot Tolerance
Percent Defective (LTPD) = 16.8 (see Figure 3). 

Figure 1. Particle size distribution for tablets that do not crush on splitting.

PF 39(4): Jul.-Aug. 2013 454



Figure 2. Particle size distribution for tablets crushed on splitting.

Figure 3. Operating characteristic curve for splittability test with 30 units sampled and a
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maximum of 2 nonconforming units. AQL = lowest acceptable level for the process average;
LTPD = lowest level of quality that is tolerable from the consumer's perspective.

The functionality of a score requires large amounts of data during development, and the
regulatory review process requires data to support the hypothesis of the uniformity of active

drug throughout the unsplit intact tablet and the split tablet portions. The success of 705
hinges on the development of functionally scored tablets according to principles such as those

described in the FDA guidance about tablet scoring. Hence, 705  focuses on quality
attributes that are directly related to the effects of splitting and relegates other quality
attributes to the development process.
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Metal Packaging Systems and Their Materials of Construction for Pharmaceutical
Products

Rochelle Parangan,a Desmond G Hunt,b,d Michael N Eakins,c Mary G Foster,c Kevin O'Donnellc

ABSTRACT A metal packaging system was first used to package pharmaceutical products in
the early 1900s due to its lightness and its impermeability to light and moisture. Common metal
packaging components include aluminum and its alloys, stainless steel, tin-free steel, and
tinplate. Within the pharmaceutical industry, primary metal packaging systems include aerosols,
blister packs, canisters, collapsible tubes, drums, and gas cylinders and secondary packaging
systems such as overwraps and seals. Currently there are no compendial standards for metal
packaging systems or the metal materials used in their construction. Thus, to ensure the
safety, suitability, and compatibility of metal packaging systems for pharmaceutical products,
USP's Packaging, Storage, and Distribution Expert Committee is developing a new chapter that
will provide test methods and standards for metal materials of construction and packaging
systems used in the pharmaceutical industry. USP invites qualified candidates to apply to serve
as scientific experts during the development of the new general chapter, Metal Packaging

Systems and Their Materials of Construction 662 .

METAL PACKAGING SYSTEMS IN THE PHARMACEUTICAL INDUSTRY 
The use of metal packaging systems in the pharmaceutical industry started in the early 1900s
with the introduction of the stip tube, which consisted of an elongated tip and was the first
development of the ophthalmic or eye-tip tube. An early device for injecting liquids through a
needle was the Syrette, which consisted of two collapsible tubes, one containing strychnine
and the other containing morphine (1). In the late 1930s, the Syrette design became a metal
tube fitted with a hypodermic needle protected by a transparent hood. This device proved its
value by minimizing injection pain. More than 70 million Syrettes were manufactured during
World War II (1). 
Several products were packaged in metal tubes in the 1940s (e.g., sulfathiazole, sulfadiazine,
and penicillin ointments) and in the 1950s (e.g., terramycin and aureomycin ointments,
hydrocortisone acetate, and cortisone acetate). One of the principal reasons the
pharmaceutical industry preferred the metal tube is that it provided protection to both product
and consumer. Light and air cannot penetrate the tube, which preserves antibiotics from loss of
potency or contamination (1). Foil strip packs also appeared in the 1950s, followed by aerosols,
squeeze packs, and blisters in the early 1960s (2). 
The blister was conceived as an aid to patient compliance, which acquired particular
significance with the introduction of oral contraceptives. This type of metal packaging is widely
used because of its benefits in helping patients follow drug regimens, as well as being portable
and protecting the drug during its shelf life (3). The 1980s was perhaps the fastest period of
growth in demand for blister-packed products in Europe as governments across the continent
began to advocate original pack dispensing as the preferred means of delivering products to the
patient. The key benefits of original pack dispensing included the reduced risks of product
tampering, contamination, or dispensing errors because the product was brought to the patient
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exactly as it left the packaging line (3). 
In the pharmaceutical industry, metal packaging systems have their own distinct properties
that make them generally competitive with other material packaging systems such as glass and
plastic. The use of metal for pharmaceutical packaging now is widespread and encompasses
manufacturing components, primary and secondary packaging systems, auxiliary packaging
components, and medical devices (Table 1).

Table 1. Metal Use in Pharmaceutical Packaging Systems, Packaging Components,
Manufacturing Components, and Medical Devices

Primary Packaging
Systems

Secondary Packaging
Systems

Ancillary Packaging
Components

Cans—inhalers
Drums—drug substances,
excipients, drug products Hypodermic needles

Cylinders—medical gases
Overwraps—parenteral products in
plastic bags

 

Drums—bulk drug substances
and excipients Pouches

 

Foil blister packs—capsules,
lozenges, tablets

Seals—parenteral products in
bottles and vials

 

Tubes—creams, gels, jellies,
ointments

Screw caps—liquid oral dosage
forms

 

Manufacturing Components Medical Devices  
Tanks and valves—parenterals
and oral liquids Implants—joints and stents

 

MATERIALS OF CONSTRUCTION FOR METAL PACKAGING SYSTEMS 
The metals used in packaging pharmaceutical products include aluminum, tinplate, tin-free
steel, various alloys of aluminum, and stainless steel. Aluminum can be produced with up to
99.99% purity, but this grade of aluminum is expensive and is mechanically weaker than
aluminum alloys that contain other elements such as iron, copper, manganese, magnesium, and
zinc and are preferred for their better rigidity and corrosion resistance. Aluminum alloys typically
used for metal packaging systems include 1100 (99.0%–99.3% Al), 1145 (99.45%–99.60% Al),
3003 (Al plus 1.25% Mn), and 5052 (Al plus 2.5% Mg and 0.25% Cr). Aluminum is used for
drawn or formed one-piece bodies and the fabrication of multi-piece built-up containers and is
the metal of choice for tubes, pouches, and foils. 
The term tinplate refers to low-carbon or mild steel sheets coated with tin on the surface. The
combination of tin and steel produces a material with a corrosion-resistant surface that has
good strength combined with excellent fabrication qualities. This metal usually is used for built-
up containers and lidded shallow-drawn containers. Tin-free steel consists of a mild steel base,
exactly as used for tinplate, but with chromium–chromium oxide coating. The function of this
coating is to protect the steel base from corrosion before fabrication. The main use of tin-free
steel is for canister ends, although it also can be used for deep-drawn containers and open-
cap built-up containers. Stainless steel is an alloy of iron with at least 10.5% chromium. The
main types of alloy used to package pharmaceutical products are 316 (17% Cr, 12% Ni + Mo)
and 304 (18% Cr, 10% Ni). 
Almost all metals are coated with an organic lining in order to prevent chemical reactions and
corrosions from the inner and outer layers. Polymers such as acrylics, vinyl, polyester, and
alkyd are used to produce such coatings.
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PHARMACOPEIAL CONTROL OF METAL PACKAGING 
The European, Japanese, and US pharmacopeias do not contain any specific standards for
metal packaging systems or their materials of construction. Thus, manufacturers normally
establish the suitability of a particular material by conducting stability studies in which the
material is in contact with the drug product. However, the FDA Guidance for Industry on
Container–Closure Systems for Packaging Human Drugs and Biologics (4) mentions obtaining
information about USP Biological Reactivity Tests for metal tubes used in packaging ophthalmic
drug products and coating integrity testing to ensure the compatibility of coated metal tubes
for both ophthalmic and topical drug products. 
USP proposes to develop a new general chapter, Metal Packaging Systems and Their Materials

of Construction 662 , to provide test methods and standards for metal materials of
construction and packaging systems used for the pharmaceutical industry. USP recognizes that
the use of well-characterized materials to construct a packaging system is a primary means of
ensuring that the packaging system is suited for its intended use because the properties and
characteristics of the materials can be matched to the performance requirements of the

packaging system. Thus, new general chapter Metal Materials of Construction 662.1  will
help determine whether a material is deemed well-characterized by establishing its:

identity
biocompatibility (biological reactivity)
general physicochemical properties
extractable metals.

Metal packaging systems for pharmaceutical products must be suitable for their intended use.
That is, the packaging system should adequately protect the pharmaceutical product, should
be compatible with the pharmaceutical product, and should be composed of materials that are
safe for use. From a chemical perspective, metal packaging systems used in pharmaceutical
applications should be such that the ingredients of the pharmaceutical product are not
adsorbed onto the surface of the packaging system, are not absorbed into the body of the
packaging system, and do not migrate through the packaging system (compatibility). Further,
the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses
compatibility) or to present a risk of toxicity (which addresses safety). 

The third chapter, Metal Packaging Systems for Pharmaceutical Use 662.2 , will provide test
methods and standards for metal packaging systems.

USP Metal Containers Expert Panel 
USP invites qualified candidates to apply to serve as scientific experts on the Metal Containers
Expert Panel. The purpose of this Expert Panel is to develop three new USP chapters: a chapter
outlining methods and specifications for metal materials of construction for pharmaceutical

packaging components and systems, 662 ; a chapter that will help manufacturers determine

when a potential packaging material is well characterized, 662.1 ; and a chapter outlining

test methods and specifications for metal packaging systems for pharmaceutical use, 662.2 .
The Expert Panel will make recommendations to and will work at the direction of the General
Chapters—Packaging, Storage, and Distribution Expert Committee. Candidates who are
interested in sharing their expertise and have in-depth knowledge of metal packaging systems
are encouraged to apply by sending a current CV to Dr. Desmond G. Hunt at dgh@usp.org. 
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USP anticipates establishing the Expert Panel by December 2013. Most of the work of the
Expert Panel will be conducted via teleconference at a frequency to be determined. The Expert
Panel is likely to convene at least one face-to-face meeting at USP headquarters.
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ABSTRACT The purpose of this article is to present an overview of new USP general chapters
on Good Distribution Practices (GDP), which are being developed based on a review of three

existing general chapters, Good Storage and Shipping Practices 1079 , Good Distribution

Practices Supply Chain Integrity 1083 , and Good Distribution Practices for Bulk

Pharmaceutical Excipients 1197 . These three existing general chapters provide information
related to the storage, shipment, distribution, and transportation of pharmaceutical
components and products. The review showed overlapping and complementary items among
these general chapters and highlighted the need to revisit USP chapters on GDP from an
overarching perspective. With this intent established, USP’s Council of Experts involved Expert
Committees (PSD EC and PA EC) will propose a series of new general chapters that will replace
the existing three. These new general chapters will cover material flow beginning with initial
procurement and continuing throughout the supply chain to delivery to the end user for
pharmaceutical components and products, medical devices, and dietary supplements. The
chapters will address four main GDP topics—Quality Management System; Supply Chain
Temperature Management; Good Importation and Exportation Practices; and Supply Chain
Integrity—highlighting best practices and principles. The involved Expert Committees also
propose that USP develop a GDP website that lists, as references, global GDPs regulations and
guidance. The Physical Analysis and Packaging, Storage, and Distribution Expert Committees
intend that the USP website will function as a resource for interested parties to explore further
and stay abreast of how GDPs are evolving globally.

BACKGROUND 
Sourcing and distribution are critical activities in an integrated supply chain that includes raw
materials, intermediates, and final products for pharmaceuticals, medical devices, and dietary
supplements. Various individuals and entities from locations around the world are responsible for
the handling, storage, and distribution of these products. With the globalization of the
pharmaceutical industry, it is critical to have adequate controls over the entire distribution
chain. To maintain the original quality of materials or products, every party involved in the
distribution chain should understand and comply with applicable requirements. Each activity in
the distribution of a material or product should be carried out according to the principles of
good distribution practices (GDP). 
General chapter Chart 9. Drug Product Distribution, from USP 35–NF 30 (Figure 1) illustrates
USP efforts to ensure the quality, safety, and efficacy of drug efforts along the pharmaceutical
supply chain by means of USP standards.
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Figure 1. General chapter Chart 9. Drug Product Distribution.

Resolution 10, Drug Storage and Distribution Standards, adopted at the 1995 Convention
encouraged USP to develop standards to ensure the quality of products until received by the
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patient. As a result, USP published its first supply chain chapter, Shipping and Storage of Labile

Preparations 1186  PF 25(6) in 1999. Currently, three additional general chapters provide
recommendations for activities and practices that ensure good trade, storage, and distribution
of pharmaceutical materials and products:

Good Storage and Shipping Practices 1079  provides recommendations for those
activities and practices that ensure GDPs for finished drug products. The chapter
became official in 2005 and recently was revised. A new version will became official
December 2012 in the First Supplement to USP 35–NF 30.

Good Distribution Practices—Supply Chain Integrity 1083  describes recommendations
for activities and practices for drug components and drug products. This chapter was
published in Pharmacopeial Forum 38(2) 2012 with the intent to have the chapter
become official in the First Supplement to USP 36–NF 31.

Good Distribution Practices for Bulk Pharmaceutical Excipients 1197  provides
recommendations for activities and practices that ensure GDP for pharmaceutical
excipients and will become official in USP 36–NF 31.

ANALYSIS 
In a recent review of the three GDP general chapters, The Physical Analysis and Packaging,
Storage, and Distribution Expert Committees found common and complementary themes and
concepts throughout the three chapters (Table 1).

Table 1. Comparison of GDP Topics among USP General Chapters 1079 , 1083 , and 

1197

Requirements
1079 1083 1197

1.General Good
Distribution Practices

A. Quality Management Systems X — X
B. Buildings and Facilities (Storage) X — X
C. Transportation Vehicles (Shipping) X — X

2. Temperature Control
Management

A. General Principles and Practices X — X
B. Buildings and Facilities (Storage) X — X
C. Transportation Vehicles (Shipping) X — X

3.
Importation/Exportation

A. Audits and Supply Agreements — X X
B. Container Seals, Cargo Inspection,
Customs, and Brokers

—
X X

C. Knowing the Product, Applicable
Regulatory Requirements, and Trade
Rules

—

X X
D. Verifying Product and Firm
Compliance with Regulations

—
X X

E. Taking Corrective and Preventive
Action

—
X —

4. Supply Chain Integrity A. Legal and Illegal Outlets — X X
B. Packaging Technologies — X X
C. Diversion and Theft — X —
D. Product Recall Procedures — X X
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After completing this analysis, the Expert Committees explored how they can move forward
with developing chapters that eliminate redundancies and inconsistencies between the three
existing general chapters and provide a more comprehensive, consistent approach.

GENERAL CHAPTER ON GOOD DISTRIBUTION PRACTICES 
Review of the current global regulations and guidance documents identified four key GDP topics
that will serve as the foundation for the four new general chapters—Quality Management
System; Environmental Conditions Management; Good Importation and Exportation Practices;
and Supply Chain Integrity. The goal is to develop these chapters in a comprehensive way that
highlights key practices and principles that are applicable to most, if not all, individuals and
organizations who come in contact with a material or product as it moves through its supply
chain. The Expert Committees recognize that writing in such a generalized way will lead to the
omission of information deemed important for individual product types or classes (e.g., special
handling considerations for radiopharmaceuticals). Thus, USP will develop specific chapters in
addition to the four core chapters that will include information related to product types or
classes and that are generally applicable. 
The chapters will be organized as individual parts of an overarching chapter. This format will
allow the development of new chapters that remain connected via the same parent chapter
number. Below is a brief outline of the overarching chapters illustrating the numbering system
and showing how general and specific GDP information will be organized. The relationships
among individual sections are shown in Figure 2.

Figure 2. Key points of the proposed USP general chapter on Good Distribution Practices.

<XXXX>

A. Introduction 
B. Scope 
C. Definitions

<XXXX.1> Quality Management System

PF 39(4): Jul.-Aug. 2013 465



A. Documentation Control and Resources Management 
B. Nonconformances, Complaints, and Corrective and Preventative Action Handling 
C. Continuous Improvement

<XXXX.2> Environmental Conditions Management

D. General Principles and Practices 
E. Building/Facility (Storage) 
F. Transportation Vehicles (Shipping)

<XXXX.3> Importation and Exportation

A. Audits and Supply Agreements 
B. Container Seals, Cargo Inspection, Customs, and Brokers 
C. Knowing the Product, Applicable Regulatory Requirements, and Trade Rules 
D. Verifying Product and Firm Compliance with Regulations 
E. Taking Corrective and Preventive Action

<XXXX.4> Supply Chain Integrity

A. Adulteration and Counterfeiting 
B. Diversion and Thefts 
C. Product Recall Procedures

Potential Specific Chapter Topics

<XXXX.5> Drug Components (Drug Substances, Excipients, and Packaging Materials) 
<XXXX.6> Drug Products (Bulk and Finished Products) 
<XXXX.7> Medical Devices 
<XXXX.8> Dietary Supplements 
<XXXX.9> Compounded Products 
<XXXX.10> Radiopharmaceuticals and Radiolabeled Materials 
<XXXX.11> Biological, Biotechnological, Gene, and Cell Therapy Products

INFORMATION REPOSITORY 
During the search for global regulations and guidelines on GDPs, the Expert Committee
developed a repository of references and documents. As the repository became an increasingly
useful source of information, it became evident that the repository also could be a valuable
resource for USP stakeholders. For this reason, USP will develop a GDP website that lists, as
references, global GDP regulations and guidances. The Expert Committee hopes the website will
function as a resource for interested parties to explore further and stay abreast of how the
GDP landscape is evolving globally.

a USP Visiting Scientist.

b Global Science and Standards Division, USP.

c To whom correspondence should be addressed: Desmond G Hunt, PhD, Senior Scientific Liaison, USP, 12601
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Solubility Criteria for Veterinary Drugs—Workshop Report

Mike Apley,a Bryan Crist,a Mario Gonzalez,a,b Robert P. Hunter,a Marilyn N Martinez,a Sanja
Modric,a Mark G Papich,a,c Alan F Parr,a,b Jim E Riviere,a Margareth RC Marquesc,d,e

ABSTRACT The objectives of this Stimuli article are to give a brief summary of discussions at a
workshop, Solubility Criteria for Veterinary Products, that took place at USP headquarters in
Rockville, MD, 7–8 November 2012, and to explain the new approaches that will be used to
develop a new USP general chapter, Determination of Thermodynamic Solubility of Active

Pharmaceutical Ingredients for Veterinary Species 1236 .

INTRODUCTION 
The workshop Solubility Criteria for Veterinary Products took place at USP headquarters in
Rockville, MD, 7–8 November 2012. The main purpose of this workshop was to discuss topics
presented in a Stimuli article, "Solubility Criteria for Veterinary Products," published in
Pharmacopeial Forum (1) and to define a strategy for the development of the new USP general
chapter, Determination of Thermodynamic Solubility of Active Pharmaceutical Ingredients for

Veterinary Species 1236 . 
The objectives of this Stimuli article are to give a brief summary of discussions at the workshop
and to explain the new approaches that will be used to develop the new USP general chapter.

BACKGROUND 
The original Biopharmaceutics Classification System (BCS) proposed by Amidon et al. in 1995
(2) focused on conditions in the human gastrointestinal (GI) tract and classified drugs in
accordance with their solubility and permeability characteristics. The BCS classified drugs as
highly soluble and highly permeable (BCS class 1), poorly soluble but highly permeable (BCS
Class 2), highly soluble but poorly permeable (BCS class 3), or poorly soluble and poorly
permeable (BCS Class 4). In some cases, drugs that are not inherently highly soluble may be
classified as such for BCS purposes because of the administered dose and the inherent
solubility of this low dose in the estimated 250 mL of gastric fluid. Thus, the dose number (mass
of administered drug divided by gastric fluid volume) was a pivotal component of BCS. BCS has
been used throughout the development and regulation of human pharmaceutical products to
better define the drug and formulation variables that can influence in vivo drug product
performance (3,4). On the basis of this system, FDA's Center for Drug Evaluation and Research
issued a biowaiver guidance
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070246.pdf).
FDA's Center for Veterinary Medicine considered that extension of the BCS to veterinary
species was a logical development and held several internal workshops to explore this possibility
(5). This effort evolved into a USP initiative and resulted in the publication of a Stimuli article in
2004 (6). This article was an effort to directly apply human BCS principles to a species closely
aligned (in terms of physiology, drugs administered, and the use of oral dosage forms) with
human medicine, the dog. The article tried to establish criteria for dose number (administered
dose vs. gastric volume) and permeability. The authors noted that although it would be feasible
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to establish an algorithm for estimating canine dose number, permeability would be difficult to
estimate because of the absence of a validated in vitro system that replicates the canine GI
tract. In 2006, the FDA Center for Veterinary Medicine first issued Waivers of In Vivo
Demonstration of Bioequivalence of Animal Drugs in Soluble Powder Oral Dosage Form Products
and Type A Medicated Articles
(http://www.fda.gov/downloads/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/UCM052493.pdf),
which is, in part, based upon the application of the BCS to veterinary species and the concepts
proposed by Amidon (2). The formulations represented in this guideline could be used in food
animal species (i.e., cattle, swine, and poultry). 
In 2010, the American Academy of Veterinary Pharmacology and Therapeutics (AAVPT)
launched an extensive bioequivalence initiative that explored a wide range of bioequivalence
issues that affect veterinary medicine. This initiative culminated in a Supplement to the Journal
of Veterinary Pharmacology and Therapeutics (7). In that theme issue, several manuscripts
examined the potential use of BCS criteria in animal health and explored criteria for defining a
drug as “fully soluble” in veterinary species. This effort served as a springboard for relaunching
the USP Veterinary BCS initiative in 2012. However, this new initiative differed from that in
2004 in two important ways:

First, the concept of permeability was not considered as part of the deliberations.
Rather, the focus was only on dose number.
Second, following the elimination of permeability and the formidable challenge
encountered with medicated feed (which often exhibits limited or no systemic
bioavailability), the updated BCS initiative included both dogs (monogastric, carnivore)
and cattle (ruminant, herbivore). Other veterinary species will be evaluated in the
future.

This new initiative was discussed in a Stimuli article (6) that considered the relationship
between species-specific GI characteristics and the appropriate criteria for describing drug
solubility in veterinary species.

Summary of 2012 Stimuli Article 
The science of solubility studies the interactions among factors such as polymorphic form of
the active pharmaceutical ingredient, compound purity, particle size and shape; buffer
composition, including pH and common ion effect; stability in solution; potential for molecular
aggregation; time for attaining equilibrium; temperature; mixing conditions; and adsorption onto
filter or vessel surfaces. 
For human medicine, the three parameters considered when predicting drug oral bioavailability
include: (1) dose number (Do): the ratio of the dose to the amount of drug that will dissolve in
250 mL of test solution at the lowest solubility within the pH range from 1 to 7.5; (2)
absorption number (An): the ratio of the GI transit time to the time needed for the solubilized
drug to be absorbed (1/absorption rate constant); and (3) dissolution number (Dn): the ratio of
the GI transit time to the time needed for in vivo drug dissolution (1/dissolution rate constant).
With regard to solubility, dose number is the parameter of interest. The criteria used for
classifying a drug as highly soluble must be clearly defined and must be firmly grounded in the
GI physiology of the target animal species. Because the conditions under which dose number is
defined reflect the GI tract of different veterinary species, it is likely that a compound that is
fully soluble in one species may not be similarly categorized in another animal species.
Furthermore, differences in dissolution number values are likely to occur across animal species.
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Dogs 
There are important differences between the GI tracts of different dog breeds and those of
humans. The initial thought was that these GI differences render it inappropriate to apply the
human criteria for drug solubility classification to dogs. In vivo dissolution of an oral medication
in dogs must rely on residual stomach and intestinal water, and the human-based assumption of
ingestion of 250 mL water is inappropriate. Fasting dogs may have a volume as low as 10 mL.
Further, in humans solubility is based on the highest approved dose in mg. However, in
veterinary medicine the dose is administered on a mg/kg basis. The potential effects of errors in
estimated gastric volume on a compound's solubility classification, e.g., estimating that a
compound is fully soluble (highly soluble) must be considered. The basal pH in the gastric fluid
of dogs can be quite variable and depends highly on the portion of the stomach where the pH is
measured. Evidence suggests that the gastric pH of the dog tends to be higher than that in
humans because of the lower basal secretory rate of acid in the fasted dog. Despite species
similarities in the amount of bicarbonate secreted, in the fed state the initial pH in the dog's
duodenum is lower than that in humans because of the higher canine postprandial output of
gastric acid. In other portions of the small intestine, the intestinal pH of dogs and humans are
similar. Because of the range of pH values that affect drug solubility in dogs, it seems
appropriate to use the same pH solubility criteria in dogs as is currently used for defining the
solubility of human drugs.

Cattle 
A number of points should be considered when one establishes conditions and criteria for
classifying drug solubility in cattle: (1) the GI tract of the ruminant is markedly different from
that of humans; (2) the definition of highest dose is different in humans and cattle; and (3) the
types of products are different (i.e., solid oral dosage forms vs. Type A medicated feeds).
Because of the unique characteristics of the dosage form and ruminant GI tract, it may be
necessary to factor time into the solubility assessment. Based on data from the literature, the
duration of fluid transit through the rumen can be conservatively estimated as 8.6–11 h, and
solubility must be determined after 8 h of testing. If a drug is considered fully soluble in the
bovine rumen based on this conservative time estimate, the total dose should be dissolved
within 8–9 h. The stomach of ruminant animals is composed of four compartments: the rumen,
reticulum, omasum, and abomasum. The relative sizes of the 4 stomach compartments change
with age. The total stomach capacity (fluid plus solid material) of an adult cow (all 4
compartments) is estimated to be in the range of 115–150 L, and extremes range from 95 to
230 L. Literature data support the hypothesis that drug entities reside in the rumen/reticulum
for an extended period, thereby allowing drug dissolution before passage through the
concentrating process of the omasum and into the acidic environment of the abomasum.
Therefore, the rumen should be the compartment used for modeling drug solubility. Ruminants
do not fast, and the ruminal fluids are complex mixtures because of their extensive fermentation
activity. Generally these fluids contain large amounts of glucose, bacteria, volatile fatty acids,
cellulose, digestive enzymes, vitamins, proteins, and lipids. These substances can act as
surfactants, thereby affecting the solubility of a drug substance, and the relative proportions
of these many constituents can vary as a function of diet. For these reasons, the question is
whether or not one should consider the presence of these surfactants when developing testing
conditions for drug substance solubility in ruminants.

Test Conditions for Determining Solubility 
The gold standard for determining drug solubility is the shaker flask method. Other methods can
be used with proper validation. Thermodynamic solubility is determined by several
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measurements, generally after 24–48 h of stirring the drug substance in aqueous medium.
Equilibrium is considered to be achieved when at least two constant values of solubility are
measured over time. The proposed conditions for determining if the drug is fully soluble are:

dogs: 37 C; pH 1.2 (0.1 N HCl), pH 4.5 (acetate buffer) and 7.5 (phosphate buffer)
(volume and time are still to be defined)

cattle: 38 C; pH 5.1–7.5 (phosphate buffer), 50 L of fluid, 8 h.

TOPICS PRESENTED AT THE WORKSHOP 
The following information summarizes and highlights some of the pivotal concepts presented
during the workshop. 
Physicochemical Basis of Drug Solubilization (Raafat Fahmy, PhD, U.S. FDA):

Poor aqueous solubility and/or permeability of drug candidates often lead to poor
absorption and bioavailability from the GI tract.
Before absorption can occur, drug must first dissolve in the GI fluids before it can
diffuse through the GI tract membranes and then reach systemic circulation.
Poor solubility of the active ingredient is a major roadblock in formulation development.
Thermodynamic solubility is performed using the solid crystalline form of a compound and
defines the maximum amount of the compound in solution once equilibrium is reached.
Strategies for enhancing the dissolution rate of poorly soluble drugs include particle size
reduction; salt formation; complex formation with cyclodextrin; use of surfactants; solid
dispersion formulations; lipid-based formulations, and others.

Influence of Drug Solubility on Formulation and Oral Drug Bioavailability (Marilyn Martinez, PhD,
U.S. FDA, USP Solubility for Veterinary Drugs Expert Panel):

Solubility of the active ingredient is key to developing successful formulations.
Only dissolved drug is available to be taken up through the mucosa or to act at local GI
target sites.
There is only a negligible effect of formulation on the in vivo oral performance of highly
soluble drugs that are intended for rapid dissolution.
Variables that can influence the in vivo solubility of a compound include: excipients
present in the formulation; presence of food and type of food (diet habits); and
interspecies differences.

Testing Drug Solubility: Methodological Considerations (Bryan Crist, USP Solubility for Veterinary
Drugs Expert Panel):

Solubility determination is a prerequisite for pharmaceutical product development.
Equilibrium solubility is the state at which the solution is saturated after compound
solubilization and where an excess of undissolved compound remains.
The rate of solubilization of drug substance depends on the interaction between the
solute and solvent. The stronger the interaction, the more likely the drug will be highly
soluble.
Solubility classes vary from very soluble to practically insoluble.
Solubility determination can be measured by the traditional saturation shake flask
method.
Other validated procedures can be used, e.g., with small amounts of compound and
automation.
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Solubility Criteria in Human Medicine and Its Application to Drug Development and Regulation
(Alan Parr, PharmD, PhD, GlaxoSmithKline, USP Solubility for Veterinary Drugs Expert Panel):

Solubility is influenced by many variables such as temperature; state of the solid; pH;
composition; time; for ionizable compounds the presence or absence of certain counter-
ions; and other factors.
Potential in vivo challenges associated with poor solubility include poor or variable
absorption; inefficacy; and the need for more complex and expensive delivery systems.
The solubility of a compound is critical information during drug development.
Regulatory flexibility: a compound's solubility is a parameter that can be considered to
allow some regulatory flexibility (biowaivers according to the BCS).

Why We Cannot Simply Use Human Solubility Criteria in Veterinary Species (Marilyn Martinez,
PhD, U.S. FDA, USP Solubility for Veterinary Drugs Expert Panel):

Must consider how solubility is defined within the scope of human medicine.
For humans, highly soluble is determined by the volume of an aqueous medium sufficient
to dissolve the highest dose strength of a dosage form across a pH range of 1.2–7.5.
A drug substance is classified as highly soluble when the highest dose strength is

soluble in 250 mL or less of aqueous media over the pH range of 1.2–7.5 at 37 C.
Species-specific differences in drug solubility to consider: dose (based on animal body
weight, route of administration, and transit time), interspecies differences in fluid
volume in the GI tract, medium (i.e., composition and pH range of GI fluids), and
temperature differences in the GI tract fluid across animal species.

Unique Physiological Attributes: Dog (Mark Papich, MS, DVM, North Carolina State University,
USP Solubility for Veterinary Drugs Expert Panel):

Anatomical and physiological differences between dogs and people are important.
Physiological similarities exist between dogs and people with respect to: pH of stomach
and intestine; and stomach emptying time (highly variable in both dogs and people).
Different intestinal transit time—dogs compensate for a shorter intestine length by
having longer intestinal villi that provide more surface area for absorption.
The extent of oral absorption (F) of drugs between dogs and people does not correlate,
but rate of absorption may have similar rank order for different formulations.
Intestinal transporters may play an important role in oral absorption in dogs, and they
may differ from human transporter systems.

Unique Physiological Attributes: Bovine (Mike Apley, PhD, DVM, Kansas State University, USP
Solubility for Veterinary Drugs Expert Panel):

The stomach of ruminant animals is composed of four compartments: rumen, reticulum,
omasum, and abomasum. The relative sizes of the four compartments change with age.
Studies using marker dilution have been used to evaluate rumen liquid turnover. These
studies have yielded estimated turnover rates ranging from 11% to 18% of the liquid
rumen content each hour.
Estimates for the turnover time of rumen liquid contents have ranged from
approximately 9 h up to 23 h in different studies.
Rumen pH varies considerably depending on diet, intake, and time after a meal.
Data support the assumption that drug entities reside in the rumen/reticulum for an
extended period of time that allows dissolution before passage of these contents
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through the concentrating processes of the omasum and into the acidic environment of
the abomasum.

WORKSHOP OUTCOMES 
During the discussions at the workshop, participants expressed additional concerns regarding
efforts to define dose number. In particular, numerous individuals considered dose number too
restrictive with the potential to create an additional regulatory burden. Accordingly,
participants agreed that the content of the general chapter would be limited to discussions
about species-appropriate descriptions of conditions for testing in vitro drug solubility (CS),
including variables such as temperature and matrix composition (e.g., salts, natural surfactants,
pH, etc.). Participants also agreed that because the default to date has been human-based
solubility test conditions, veterinary species–specific assessments would provide more relevant
information on which to base formulation assessments and product development and would be
of value for those who deal with oral dosage forms for use in veterinary species. 
The title of the proposed USP chapter will be Determination of Thermodynamic Solubility of

Active Pharmaceutical Ingredients for Veterinary Species 1236 . It will contain the
laboratory procedure for the determination of thermodynamic solubility using the shake flask
method but will allow the use of any other method that is shown to be equivalent and is
appropriately validated. The duration of the test will be defined by the time needed to reach
the equilibrium or saturation. For dogs the conditions will be: (1) media: USP buffers with pH of

1.2, 4.6, and 6.8; (2) temperature: 39 C. For cattle the conditions will be: (1) media: pH 2.5
HCl, pH 3.5 acetate buffer, pH 5.0 and pH 6.8 phosphate buffer with possible addition of

surfactants, and pH 6.8 phosphate buffer without surfactants; (2) temperature: 38.5 C. 
Future initiatives could explore description of the conditions for estimating in vitro drug
solubility in other veterinary species and, potentially, any modification in existing specifications
that may arise as additional information is acquired. 
The activities involved in this project since 2002 and the next steps are summarized in Figure
1.
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Figure 1. Summary of USP activities since 2002 and next steps. Cs = in vitro drug solubility.

NEXT STEPS 
It is proposed that a revised Stimuli article be published in a future issue of Pharmacopeial
Forum (PF) explaining the rationale for the new approach for the development of the new USP
general chapter. This paper is going to be followed by the publication of the chapter proposal in
PF. A broader promotion of the new chapter will be made through trade magazines.
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USP Melting Point Reference Standards: Evaluation of Parameters That Affect the
Melting Point
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ABSTRACT General chapter Melting Range or Temperature 741  allows some flexibility in the
experimental conditions for melting point determinations. To evaluate whether that flexibility
should be reduced, USP conducted a study to evaluate the effects of ramp rate, pulverization,
and amount of sample (column height in the capillary) on the melting range and melting point
measurement using Apparatus I and Apparatus II. The data obtained from the study are not
intended to be a comparison of instruments but provide an understanding and evidence of the

effect of current experimental parameters. As a result, a revision of chapter 741  is proposed
in order to expand the definitions of Apparatus II instruments that are being introduced to the
marketplace, because these new instruments perform as well as or better than the traditional
Apparatus I and provide the same confidence to the analyst regarding the measured results. In

addition, proposed changes to general chapter 741  indicate conditions that will provide
more consistency and repeatability of the melting point values. These conditions include use of
dried material that has been gently pulverized and introduced in a capillary tube to a height of

3 mm with a 1 C/min ramp rate.

INTRODUCTION 
The melting point is a critical property that is frequently used for the characterization of
materials, identification of compounds, and determination of sample purity. Melting
temperatures are reported differently depending on the instrument used and the field of
investigation. Although the melting temperature frequently is reported as a range, the most
common expression is as a single melting temperature or melting point, which, depending on the
criteria, may correspond to the onset temperature (e.g., Class II material), the offset
temperature (e.g., Class III material), or an average of both temperatures. Therefore,
depending on the source of information, differences up to several degrees can be found for a

given material under test. General chapter Melting Range or Temperature 741  states that,
for pharmacopeial purposes, the melting range, melting temperature, or melting point is
defined as those points of temperature within which, or the point at which, the first detectable
liquid phase is detected to the temperature at which no solid phase is apparent, except as
defined otherwise for Classes II and III in the chapter (1). In general, terms, the onset point is
the temperature at which a transition from solid to liquid can first be observed, and the clear
point is the temperature at which no solid phase is apparent or all the material is in liquid form. 
USP Melting Point Reference Standards date back several decades and typically have been
released with labels that are based on results using the heated-oil–based Apparatus I with the
procedure for Class Ia materials (1). Apparatus I is referred to in this article as traditional
because of its long history of use. Figure 1 shows an example of Apparatus I that consists of a
capillary tube submerged in mineral oil (or comparable liquid). As the oil is heated, heat
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exchange between the oil and the capillary tube ultimately reaches the material inside the
capillary and eventually melts the material under test. Drawbacks include the lag time between
the heat exchange and the thermometer's readout and the time when the analyst observes the
onset point and the thermometer readout. Further, the results are recorded on paper that
could be misplaced after several years. More modern apparatus recommended in current general

chapter 741  are included under the term Apparatus II. New devices that meet Apparatus II

criteria as described in 741  are continuously introduced and at present, analysts can find
Apparatus II with video cameras, sensors, and computer-based equipment that record the
material's melting temperatures without human intervention and store results electronically in
the form of videos, photos, and tabulated results. 
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Figure 1. Typical Thomas-Hoover Melting Point Apparatus I.
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Both Apparatus I and II can provide melting point results and have been used worldwide (2).

Furthermore, modern instruments used in thermal analysis (see Thermal Analysis 891 ),
including Differential Scanning Calorimetry (DSC), enable melting point measurements. Values
determined by the newer methods can differ slightly. A major cause is that new devices have
improved the confidence of the measurement to limits oftentimes impossible to reach with the
human eye. In addition, other factors have been shown to affect the melting values. For
instance, the onset and clear point can be strongly influenced by ramp rate, the particle size of
the material, and the capillary height. The ramp rate (oftentimes named the heating rate), is
the temperature increase in degrees applied per minute to the sample; that is, a 1 ramp rate is

equivalent to an increase of 1 C/min. Then, a small ramp rate requires a longer time to
complete a test compared to a high ramp rate. Another factor that affects melting values is
pulverization, which modifies the particle sizes of the material and depends on the material's
properties and the manufacturer's processes. In some cases, the particles are larger than the
capillary tube opening, and the material must be pulverized before introduction into the tube.
The capillary height also is related to the amount of sample that is introduced in the capillary
tube and is directly proportional to the height of the column. Then, a 1-mm sample height
contains less material than a 3-mm sample height (that is, for a given capillary diameter, the
smaller the height the smaller the amount in the capillary). Other factors also contribute to
variability, for instance the moisture content in the sample and the efficiency of the heat
diffusion. All these factors acting together ultimately account for the variability of the results.
Thus, standardization of the test parameters is critical to reduce the variability among
instruments and laboratories because different but careful measurements using appropriate
instruments but with slight variations of measuring conditions and final point criteria can yield
different results. 
This Stimuli article reports the results of a study that assesses the importance of ramp rate,
pulverization, and capillary height for the determination of melting point measurements using
USP Melting Point Reference Standards when conducted using either Apparatus I or II or DSC.
The standardization of these parameters during testing will lead to a redefinition of the
acceptance criteria for all the USP Melting Point Reference Standards that will be released by

the end of 2013. In addition, a revision of chapter 741  is proposed to better specify
experimental melting point conditions such as dried material that has been gently pulverized and

introduced in a capillary tube to a height of 3 mm with a 1 /min ramp rate.

USP MELTING POINT REFERENCE STANDARDS 
USP has chosen high-quality materials from several manufacturers for melting point reference
standards. High-purity materials are needed because the presence of impurities produces
thermal shifts of the onset point. Small amounts of impurities in chosen materials have been
shown to lower the onset value and to broaden the melting range. For instance, the presence

of a 1% impurity in the drug substance may decrease the onset point by 0.5 C or more (3),
yielding results that in some cases fall outside the compendial specification. The USP Melting
Point Reference Standards used in this study have been evaluated by USP and collaborating
laboratories for content and purity (> 99.5%) using current USP monographs complemented by
nuclear magnetic resonance spectroscopy, mass spectrometry, and other test methods for
identity purposes. In addition, USP has performed a vapor-sorption evaluation to ascertain the
tendency of the material to absorb moisture during the test procedure. It was found that none
of the USP Melting Point Reference Standards are hygroscopic. 
For compendial applications, USP requires the accuracy of the apparatus to be checked at
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appropriate time intervals (4). This is done preferably with one or more of the available USP
Melting Point Reference Standards that melt near the melting temperatures of the material of
interest. Noncompendial standards are not recommended as performance verification standards
(4,5). Analysts expect that the melting point and melting range of the USP Reference
Standards provide information that the apparatus is performing properly, thus providing
accurate values, and results obtained using different instruments should not show differences.
Table 1 shows a list of the current USP Melting Point Reference Standards and their
approximate melting points and ranges (6). It is expected that by the end of 2013, new labels
for these standards will be released and will require use of gently pulverized dried material at a

capillary height of 3 mm, heated at a 1 /min ramp rate.

Table 1. Melting Point for USP Melting Point Reference Standards (6). The Acceptance
Range Is the Maximum Allowed Difference between the Clear Point and the Onset

Values.

 USP Melting Point Reference Standards

Material Onset Clear Point Acceptance Range

Phenyl Salicylate 40.8 43.3 1.5
Vanillin 81.0 83.0 1.5
Acetanilide 113.5 115.5 1.5
Phenacetin 134.0 136.6 1.9
Sulfanilamide 163.9 166.4 1.5
Sulfapyridine 190.0 192.0 1.5
Caffeine 235.1 237.8 1.6
Theophylline 270.3 274.2 2.0

MELTING POINT STUDY 
The reported melting point values may vary depending on the method and conditions used

during the testing of a material, and in addition, chapter 741  allows flexibility for the melting
point determination that adds to the variations observed on the reported values. Even though

in some cases these variations are as small as 0.1 C, this creates concerns in compendial
applications. As a result, there is a need to reduce the flexibility that as a consequence will
provide more consistent results. 
The study of the melting point standards was performed to demonstrate how melting point
varies with ramp rate, pulverization, and height in the capillary using Apparatus I and Apparatus
II. The collaborators were instructed to use USP Melting Point Reference Standards that had
been previously dried using the drying conditions recommended on the Reference Standard label
text supplied with each standard, which may vary because these materials have different
characteristic properties. For this study, USP evaluated four of its eight available USP Melting
Point Reference Standards: Caffeine, Sulfapyridine, Vanillin, and Acetanilide. The remaining
standards, Phenyl Salicylate, Phenacetin, Sulfanilamide, and Theophylline, will be evaluated
separately. 

The collaborators were instructed to use 0.5 C, 1 C, 3 C, 5 C, and 10 C ramp rates and to
accurately record the temperatures. For Apparatus I the data were recorded manually, but for
Apparatus II and DSC the data were collected electronically. Pulverized samples could be more
easily packed into the capillary, minimizing gaps and obtaining more consistent heights of 1 mm
and 3 mm. 
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The values obtained from this study will be used to relabel the onset, clear point, and melting
range of the USP Melting Point Reference Standards. Again, it is expected that new lots for
USP Melting Point Reference Standards with revised labels from gently pulverized dried material,

at a height of 3 mm with a 1 /min ramp rate will be released by the end of 2013. Also, the
results may be used by the USP Physical Analysis Expert Committee to better specify

experimental melting point conditions during a proposed revision of chapter 741 .

EXPERIMENTAL 
USP recruited several laboratories equipped with Apparatus I, Apparatus II, and DSC
instruments to perform the evaluation of four USP melting point standards (Caffeine,
Sulfapyridine, Vanillin, and Acetanilide). Eleven laboratories agreed to participate in this study:
FDA (Puerto Rico), FDA (New York), FDA (Philadelphia), Health Canada (Quebec, Canada),
Health Canada (Toronto, Canada), USP (Rockville), USP (Brazil), USP (India), USP (China), and
two independent contract laboratories. One or two analysts per laboratory conducted
experiments in each facility. 
USP prepared testing protocols to ensure that all of the collaborators performed the testing
using the same procedure and followed the same procedure for onset and clear point
determinations for all experimental conditions. 
Each laboratory received the same test protocols and performed the tests using the same
parameters that included detailed instructions regarding sample preparation, test method, ramp
rate, and reporting (Excel-based spreadsheets). Depending on the availability of the
instruments, the collaborators collected data using Apparatus I, Apparatus II, and DSC or
combinations of all three methods. DSC measurements were added for comparison purposes. All
instruments were calibrated before the evaluations according to the manufacturer's
specifications. 
The collaborators were instructed to dry the standards before use using the drying conditions
specified by each standard's label. Collaborators immediately used all dried standards or stored
them in a dessicator for no longer than 24 h. For comparison purposes, the material was tested

nonpulverized and gently pulverized. The study was done at 0.5 C, 1 C, 3 C, 5 C, and 10 
C ramp rates. For Apparatus I, the measurements were obtained by visual inspection, and for
Apparatus II, if video cameras and electronic data-capture tools were available on the
equipment, analysts used them to record all data. All the data were reported to the nearest
tenth of a degree. No further data manipulation was done from each contributing laboratory.

Particle Size 
The materials tested during the Melting Point Study had a particle size distribution that
depended on the manufacturing process. In some applications or test methods, the particle size
may not be important, but variations in particle size have two implications in the determination
of the melting point: For instance, it is necessary that the particles must be smaller than the
opening of the capillary and must fill the bottom of the tube. A second implication is the
efficiency of heat transfer between the materials inside the capillary, which is related to the
packing of the capillary. When large particles are introduced to the capillary, it produces air
pockets. Simple tapping of the tube on a flat surface helps remove the air pockets because the
material becomes more compact. If the particles are too large to compact, air pockets will
create the appearance that the capillary is filled when it is not and will not allow proper heat
transfer, thus affecting the melting values. Smaller particles diffuse heat more rapidly and fill
the capillary tube more efficiently. 
The participating laboratories were instructed to test the standards using nonpulverized
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samples and samples that were pulverized using a mortar. An important point is that
pulverization may induce polymorphic transitions in sensitive materials, and polymorphism may
lead to changes in thermal events including melting point, melting range, and heat of fusion.
The pulverization should be applied gently to the material to create particles that can be easily
introduced into the capillary opening.

Sample Amount or Capillary Height 
The height of the column of material inside the capillary (indicative of the amount of sample in
the capillary) was another factor under investigation. The sample amount in the capillary has
been found to affect the melting point (onset and clear points). Too small a sample may lead to
the measurement of lower melting points and broader melting ranges. In general, a 1-mm height
is sufficient for visual detection of the melting using Apparatus I, and modern instruments using
optical sensors may require at least 3 mm for consistent results. The Melting Point Study
tested column heights of 1 mm and 3 mm in the capillary. DSC measurements were done using 5
mg of sample placed in the instrument's pan.

Ramp Rate 
The ramp rate is the most important instrumental parameter affecting the accuracy of melting
point determinations. Depending on the melting temperature of the material being tested, the

instrument temperature is set to start about 10 C below the estimated onset melting point.
Once a steady temperature reading is obtained, the test continues at some predetermined

heating rate or ramp rate. For this investigation, we tested the melting range at 0.5 C, 1 C, 3

C, 5 C, and 10 C to ascertain the effect of the rate on the melting temperatures and to
compare the results between Apparatus I and Apparatus II. In addition, several commercially
available Apparatus II have better temperature control and can be adjusted to higher ramp
rates compared to Apparatus I.

Statistical Considerations 
Each laboratory was asked to make three independent determinations for each Reference

Standard for each combination of ramp rate (0.5 C/min, 1 C/min, 3 C/min, 5 C/min, and 10 

C/min), pulverization (Y/N), and capillary height (1 or 3 mm). Some labs provided six
determinations. For each apparatus–Reference Standard combination, we determined the
average onset point, clear point, and the range and the repeatability for each combination of
the three experimental factors. For cases where we had unequal numbers of determinations by
lab, we first averaged onset point, clear point, and range values for each lab and then took an
unweighted average of the lab averages. The repeatability was determined by computing the
variance within each laboratory and averaging across laboratories, weighting by degrees of
freedom when the sample sizes varied by laboratory. All calculations were done in Excel.

RESULTS AND DISCUSSION 

Following chapter 741  all the collaborators recorded the onset point and the clear point as
observed from the instrument. The slight variability observed in the results may be produced by
several potential causes. For Apparatus I, the cause of the variability may be caused mainly by
the ability of the analyst to visually observe any changes in the material. Also, heat exchange
between the oil (or liquid) and the material inside the capillary tube might not be proportional to
the thermometer readout. Moreover, capillaries from different manufacturers may have different
capillary thickness, and the thicker the capillary walls, the slower the heat exchange. For
Apparatus II, the accuracy of the onset and clear point readings are related to the accuracy of
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the video sensitivity. The differences in readings between Apparatus I and Apparatus II are
that video cameras are taking the place of the analyst. Instruments are able to detect small
changes that the human eye cannot detect.

Data: Samples Not Pulverized vs. Pulverized 
For compendial applications in which the melting point is a requirement for identity or is a
specific test in a related monograph, the differences in reported melting value of pulverized and
nonpulverized material may cause concerns. In essence, the use of pulverized material is
intended to allow packing the material thoroughly to be as compact as possible in order to
eliminate air pockets and improve heat transfer. Table 2 shows the repeatability %CV of the
dried, pulverized vanillin melting point standard at different ramp rates using Apparatus II at 3-
mm height. In terms of the repeatability %CVs, there is a tendency for onset and clear points
to vary with ramp rate with an increased %CV at high ramp rates. Overall, the vanillin melting
range data tend to be more consistent with pulverized material measured at 3-mm height. We
also observed similar results for the other standards (Caffeine, Sulfapyridine, and Acetanilide—
data not shown).

Table 2. Repeatability %CV of Dried, Pulverized, 3-mm Capillary Heights for the Vanillin
Melting Point Reference Standard Using Apparatus II. The Acceptance Range %CV Is

the Difference between the Clear Point and the Onset Point Melting Values.

Ramp 

( C/min)

Onset 
(%)

Clear Point 
(%)

Acceptance Range 
(%)

0.5 0.12 0.12 13.81
1 0.19 0.09 11.83
3 0.22 0.18 10.17
5 0.35 0.17 13.34
10 0.67 0.44 12.00

Table 3 shows the averaged onset results. Even though no large differences were observed
between pulverized and nonpulverized Reference Standard samples, the pulverized material
provides more consistent packing and less chance of air pockets.

Table 3. Average Onset Data for Unpulverized and Pulverized Standards Using
Apparatus II (3-mm Height) and DSC (5-mg Sample Size).

Ramp Rate 

( C/min) Caffeine Vanillin Sulfapyridine Acetanilide

0.5
Unpulverized 236.0 81.3 190.2 115.0
Pulverized 235.8 81.4 190.5 115.0

1
Unpulverized 236.1 81.5 180.8 115.6
Pulverized 236.2 81.5 190.7 115.7

3
Unpulverized 236.6 82.0 191.4 117.0
Pulverized 236.7 82.2 191.4 117.0

5
Unpulverized 237.0 82.3 191.6 117.5
Pulverized 236.9 82.9 192.0 118.2

10
Unpulverized 237.6 82.7 192.3 119.0
Pulverized 237.8 83.3 192.7 120.2
Unpulverized 235.7 81.0 190.5 114.0
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DSC Pulverized 235.7 81.0 190.5 113.9

Data: Sample Amount or Capillary Height from 1 mm vs. 3 mm 

The melting point was performed using Apparatus I (data not shown) and II at 0.5 C, 1 C, 3 

C, 5 C, and 10 C and a capillary height of 1 mm and 3 mm. For Apparatus I some

collaborators reported that 0.5 C ramp temperatures were not possible because the bath

temperature was unstable and at a 10 /min ramp the melting occurred rapidly, and it was
difficult to distinguish the onset and clear points. Also, some collaborators could not report

results at 1-mm column height. For that reason, the use of the next-lowest ramp rate (1 
C/min) and 3-mm column height appear to be more appropriate for compendial use. 
Table 4 shows that melting point values are lower using the smaller amount of sample in the
capillary.

Table 4. Average Clear Point Temperature for Pulverized Standards Using Apparatus II
at 1-mm and 3-mm Capillary Height.

Capillary
Height
(mm)

Ramp
Rate

( C/min)

Caffeine

( C)

Vanillin

( C)

Sulfapyridine

( C)

Acetanilide

( C)

1
0.5

236.3 81.6 191.2 114.5
3 236.7 82.1 191.6 115.0
1

1
236.5 81.7 191.6 114.9

3 137.1 82.7 192.2 115.7
1

3
237.0 82.6 192.6 115.8

3 238.3 84.1 193.7 117.0
1

5
237.8 83.0 191.9 116.3

3 238.9 85.0 195.0 118.2
1

10
238.5 84.9 194.6 117.6

3 240.3 87.0 196.2 120.2

Data: Ramp Rates 

The melting point measured as described in chapter 741  will show important differences
when the heating ramp rate is not properly selected and because of the flexibility that is
allowed for these measurements. With Apparatus I, the different results obtained with different
ramp rates can be attributed to the slow equilibrium of the system, the gradient temperature
between the heater and the thermometer, and the position of the thermometer in the bath and
not in the capillary, where melting occurs. 

For instance, a bath temperature set at a 0.5 C ramp could not remain stable to properly

record the onset values, and at 10 C some collaborators reported that the clear point values
were not observed during the transition to the onset values. For DSC, the onset and clear
values were more consistent, and small variations could be observed proportional to the sample

amount used in the instrument. In general, ramp rates between 1 C/min and 2 C/min provided
a temperature change that allowed a proper heat transfer from the heating mechanism.
However, correlation with DSC was better when using the lower ramp rate. In contrast, current

specifications for USP Melting Point Reference Standards are based on a 1 C/min ramp rate.
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Figure 2 shows the effect of the ramp rate on the onset and clear point. Both increase with
the increase of the ramp rate, though the clear point is notably more affected by the heating
speed. The melting range consequently is widened. 

Figure 2. Effect of ramp rate ( C/min) in Vanillin Melting Point Reference Standard using
nonpulverized (np) and pulverized (p) material determined by Apparatus II.

Table 5 shows an example of the dependence of the melting range of several melting point
standards on the heating rate. Melting data are consistent with ramp rate, and pulverization
shows a small influence on the results.

Table 5. Acceptance Range (Clear Point—Onset Point) from Nonpulverized (NP) and
Pulverized (P) Standards Using Apparatus II at 3-mm Height.

 
Acceptance Range 

( C)

Ramp Rate

( C/min) Apparatus

Caffeine Vanillin Acetalinide Sulfapyridine

NP P NP P NP P NP P

0.5 I 0.5 0.8 0.9 0.9 1.1 1.2 1.0 0.9
 II 0.9 0.9 0.8 0.8 0.9 0.8 0.9 1.1
1 I 1.1 1.1 1.2 1.3 1.1 1.5 1.1 1.2

 II 1.1 1.0 1.1 1.2 1.3 1.2 1.3 1.5
3 I 1.6 1.5 2.1 2.0 2.2 2.4 1.7 1.7

 II 1.5 1.6 1.9 1.9 2.2 2.2 2.1 2.3
5 I 2.2 2.2 3.4 3.1 — 3.4 2.9 3.0

 II 2.1 2.0 2.3 2.2 2.5 3.0 2.7 2.9
10 I — — — — — — — —

 II 3.0 2.5 3.3 3.7 3.9 4.3 3.0 3.5

As a general rule, a faster ramp rate produces a deeper temperature gradient into the system
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and an inertial movement that introduces lack of precision and accuracy. Although a slow ramp

rate (0.5 /min) provides adequate results, a 1 /min ramp rate is faster and provides
appropriate precision and accuracy.

CONCLUSIONS 
This Stimuli article shows information that may be useful to understand and to assess the
importance of current experimental parameters that may lead to a redefinition of the
acceptance criteria for Melting Point Reference Standards. It may also give confidence about
results from modern instruments like Apparatus II compared to the traditional Apparatus I,
adding ease of use and increasing confidence in results obtained. 
As a consequence of this investigation, USP will introduce new label text on all of its Melting
Point Reference Standards, incorporating data from the newest instruments available in the
market and based on the experimental conditions reported here. The new labels will introduce
new melting ranges and limit ranges and will be available by the end of 2013. 

The proposed revision of chapter 741  will reflect the increasing adoption of newer melting
point instruments by the scientific community because cameras and other computerized
equipment are not covered under the current definitions. On these bases, Apparatus I will no
longer be used for melting discrepancies. In addition, experimental conditions will be adjusted in
order to minimize flexibility regarding ramp rate and capillary height.
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Vibrational Circular Dichroism as a New Technology for Determining the Absolute
Configuration, Conformation, and Enantiomeric Purity of Chiral Pharmaceutical
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ABSTRACT During the past 20 years, the development of single-enantiomer pharmaceutical
drug substances has grown across the pharmaceutical industry. This development has been
driven by changes in regulations for the approval of chiral drug substances by the US Food and
Drug Administration (FDA), by the increased structural complexity and targeted efficacy of
chiral small-molecule drug substances, by advances in synthesis of chiral organic molecules,
and by advances in chiral separation technology. As a result, the leading drug substances in
terms of market value, as well as the pipeline of new drug candidates, consist almost
exclusively of single-enantiomer chiral molecules. With this emphasis on chiral drug substances,
improved methods for structural determination are needed to specify the physical measures and
characteristics of molecular chirality in drug substances. In particular, standards are needed for
absolute configuration, enantiomeric purity, raw material identification, and process quality
control. Currently, the only established method pertaining to molecular chirality in the US

Pharmacopeia is Optical Rotation 781 . A related method, Circular Dichroism, is found in the
European Pharmacopoeia 2.2.41 pertaining to the older method of electronic circular dichroism
in the visible and ultraviolet regions of the spectrum. The present Stimuli article presents
infrared vibrational circular dichroism as a new technology for spectroscopic measurement of
absolute chirality in drug substances. The article also provides a basis for the development of a
USP general chapter for the use of vibrational circular dichroism.

INTRODUCTION 
Chirality is a ubiquitous aspect of the world of three spatial dimensions (1,2). Molecules that
possess sufficient structural complexity so that their mirror-image structures are
nonsuperposable are termed chiral. For chiral pharmaceutical molecules, two important
structural measures critical to their physical characterization are absolute configuration (AC)
and enantiomeric excess (EE). The AC of a chiral molecule specifies its three-dimensional
structure in space and distinguishes it from its mirror-image structure. Structures related by
mirror symmetry are known as enantiomers. The AC of a particular enantiomer is critical to its
action as a pharmaceutical agent because mirror-image structures, i.e., enantiomers, have
different therapeutic effects, both desired and undesired. The EE of a sample specifies, usually
as an excess percentage, the relative amounts of enantiomers. An EE of 100% is a pure
enantiomer, 0% is a racemic mixture with equal amounts of enantiomers and no excess, and –
100% specifies a pure sample of the opposite enantiomer with respect to the EE definition. 
Since the early 1990s awareness of chirality has grown rapidly as a structural aspect of new
drug candidates. During this period, FDA issued new guidelines (Development of New
Stereoisomeric Drugs, May 1, 1992
http://www.fda.gov/drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm122883.htm)
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requiring proof of AC and greater than 99% EE for all new chiral drugs. FDA further requires
separate testing for both enantiomers and racemic mixtures for any chiral drug that is not sold
as a single enantiomer. The guidance did not advance the position that a 0% racemate was a
mixture of two ingredients and thus did not invoke FDA's “combination” rule. Based on this
guidance, it is much simpler to market chiral drugs as single enantiomers. This in turn places
more demands on proof of AC and the development of sophisticated methods for measurement
of EE. 
The principal chapter that addresses molecular chirality in the US Pharmacopeia is Optical

Rotation 781 . The optical rotation (OR) of a sample is the measure of the angle of rotation
of a plane of polarized light by a chiral sample at a particular wavelength, typically in the visible
or near-ultraviolet region. The AC and EE of any sample is determined by a measure of its OR if
the measurement has been previously calibrated using a sample of known AC and EE. The sign
of the OR determines the larger enantiomer amount, and the magnitude of the OR determines
the EE, where 100% EE corresponds to the maximum OR possible for the chiral molecule under
consideration. Although OR is a simple, well-established method for determining AC and EE
relative to their known calibrations, not all molecules have measurable OR, particularly for
limited sample quantities in which the presence of chiral impurities cannot be determined by an
OR measurement. The OR is simply a number with no structural information about the sample
molecule. 
In the past several decades, the determination of the AC of an unknown chiral molecule has
been determined by the Bijvoet method of single-crystal X-ray crystallography. The Bijvoet
method requires a single high-purity crystal of the molecule with a single chiral phase. Analysis
by this method is not always possible, e.g., for noncrystallizable liquids or insoluble solids, and
in many cases it requires lengthy efforts and time to achieve crystallization. 
This Stimuli article presents a new method for the determination of AC that relies on a
procedure termed vibrational circular dichroism (VCD) that is now widely used throughout the
pharmaceutical industry for chiral molecules for which the AC is unknown, typically new drug
candidates under development (2–5). Usually the AC of a chiral molecule is specified by
connecting its structural chirality, labeled with R or S for chiral centers or P or M for chiral

axes, to the sign of its measured OR as (+) or ( ). Once the AC of a molecule has been

determined by VCD, for example (S)-( )-alpha pinene, its VCD spectrum can become a USP
reference standard of the AC of this molecule, and the AC of any subsequent sample of this
molecule can be determined by comparison to its VCD reference standard. An important
advantage of determining AC by VCD is the spectral richness of a VCD spectrum that supports
the simultaneous determination of the structural identity of the molecule and its absolute
chirality. 
VCD also is sensitive to molecular conformations. As demonstrated below, information about the
conformation of a chiral molecule is obtained as a bonus from the VCD determination of AC, but
conformation is the principal informational content of biopharmaceutical molecules. An extensive
literature describing the conformation of biological molecules has been created over the past 30
years and can be used as a basis for determining secondary and higher-order structural states
of biological drug substances (1,2). Stereo-specific methods using VCD can be developed to
characterize the production, formulation, and stability of biopharmaceutical products. 
This article is organized as follows with two principal objectives: 1) Present the fundamentals of
VCD spectroscopy and explain how it is widely used as a new method in the pharmaceutical
industry to assign the AC of chiral drug substances, and 2) propose use of VCD as a new,
structure-specific method for chiral raw material identification and chiral quality control. In the
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following section, VCD is defined and illustrated with VCD and IR spectra of a simple chiral
molecule. Here the mirror symmetry of the VCD of enantiomers with respect to zero VCD
intensity is demonstrated. This is followed by descriptions of, first, the measurement of VCD
and then, second, the calculation of VCD, both of which are required for comparison to
determine the AC of a chiral molecule. An example of the determination of AC using VCD is
provided in the next section. A new second important application of VCD is then introduced in
the following section. This is the determination of the identity, AC and EE of a chiral
pharmaceutical raw material by a single VCD/IR measurement, taking advantage of the
sensitivity of VCD to absolute structure identification. The extension of chiral raw-material
identification to the general topic of chiral quality control is next described The final section is
the consideration of the requirement for a future USP General Chapter on VCD technology.

VIBRATIONAL CIRCULAR DICHROISM 
VCD is defined as the difference in IR absorbance, DA, of a chiral molecule for left circularly
polarized (LCP) radiation, AL, minus right circularly polarized (RCP) infrared (IR) radiation AR as:

DA = AL  AR. IR intensity is defined as the absorbance, A, of a sample that can be expressed
as the average of these polarization states: A = (AL + AR)/2. The IR spectra of enantiomers are
identical because they have the same structural connectivity whereas the VCD spectra of
enantiomers are equal in magnitude and opposite in sign about zero intensity difference. In
Figure 1 the IR and VCD spectra of -pinene demonstrate the basic property of identical IR
spectra and opposite VCD spectra for a pair of enantiomers. By definition, positive VCD
intensity indicates that at that point in the spectrum the molecule absorbs LCP radiation more
than RCP radiation and vice versa for negative VCD intensity. The AC of -pinene is specified

by associating the S-enantiomer with the sample of ( ) optical rotation which implies that the
R-enantiomer has (+) optical rotation. As indicated on the ordinate of Figure 1, the scale of
VCD intensity has been multiplied by 104. This means that the VCD intensities are approximately
four orders of magnitude smaller than the IR intensities. There is no correspondence between
the size of IR bands and VCD intensities.
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Figure 1. Structures and IR and VCD spectra of enantiomers of -pinene. Reproduced in part
with permission from John Wiley & Sons.

The IR and VCD spectra of a sample are measured in solution in a matter of minutes to hours
without the requirement of prior crystallization or high sample or chiral optical purity. The AC of
an unknown sample is determined by comparison of its measured VCD spectrum to a VCD
quantum chemistry calculation of the same molecule where the AC used in the calculated VCD
spectrum is chosen arbitrarily. If the signs of the bands in the measured VCD spectrum match
those in the calculated VCD spectrum, the AC of the sample is identical to that used in the
calculation. If the signs are opposite, then the sample has the opposite AC compared with that
calculated. An example of the determination of the AC of a pharmaceutical molecule is shown in
Figure 2. The AC of mirtazapine, which is sold in racemic form, is determined by comparison of

the measured IR and VCD spectra of the ( )-enantiomer to the calculated IR and VCD spectra
of the R-enantiomer (6). The close match in VCD signs, vibrational frequencies, intensities of
the observed and calculated spectra, and the IR frequencies and intensities demonstrate

clearly that the AC of mirtazapine is ( )-R. Also shown in the figure is the stereo-specific
quantum-chemistry calculated structure of R-mirtazapine.
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Figure 2. Comparison of the measured and calculated IR and VCD spectra of mirtazapine

allowing assignment of its AC to ( )-R. Reproduced in part with permission from John Wiley &
Sons.

After AC, the next most important property of a chiral sample is the EE, as described in the
Introduction. For enantiomers labeled R and S, the EE for the R enantiomer is defined as EE =

(NR  NS)/(NR + NS) and %EE = EE × 100. Here, NR represents the number of moles of the R
enantiomer present in the sample, or for a solution it can represent the concentration of the R

enantiomer. Thus %EE for the R enantiomer can vary from +100 to 100. 
VCD spectra also can be used to determine the EE of a sample once the sample has been
calibrated by a single IR and VCD measurement of a sample with a known EE (6,7). VCD scales
linearly with EE with a maximum VCD intensity for a given IR intensity at 100% EE, one-half VCD
intensity for the same IR intensity at 50% EE, and zero VCD for the racemic mixture of 0% EE.
These points are illustrated in Figure 3 for 11 measurements of R-(+)- -pinene for which EE
decreases from 100% to 7%. The IR spectra are identical, but the VCD spectra grow smaller
linearly as EE is reduced by addition of measured amounts of the opposite enantiomer to the
sample cell.
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Figure 3. IR (top) and VCD (bottom) spectra of R-(+)- -pinene for 11 EE values of 100%, 88%,
78%, 68%, 60%, 52%, 45%, 33%, 23%, 14%, and 7%.
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The power of the VCD determination of AC and EE, is the combination of structural specificity
and chiral sensitivity. All molecules have IR spectra with many spectral bands that by
themselves can serve as a fingerprint of structural identity and sample purity. VCD requires no
chromophores or special chemical substituents. As a result, VCD spectra have many bands,
each of which reports on the AC of the sample and with the IR spectrum allows the
determination of the EE after a single calibration measurement. The IR provides an analytical
identity and structure of the sample that can be used with chemometrics to determine the
concentration of each species present in the sample. In particular, the %EE values of more
than one chiral species can be simultaneously determined using the IR and VCD spectra (7,8).
This makes it possible to use VCD to follow the course of a reaction involving, for example, a
chiral reactant species and a chiral product species as their concentrations and %EE values
change with time. Although reaction monitoring is not currently supported by USP methods,
measurement of %EE can be used for other important tests in pharmaceutical development and
manufacture such as chiral raw material identification and quality control. 
The advantages of using VCD for AC determination are now widely recognized in the
pharmaceutical industry and used increasingly with organic, inorganic, and natural product
chemists. In addition, VCD is used increasingly in determining conformations in nearly all classes
of biological molecules. Since the late 1990s instrumentation for the routine measurement of
VCD and dedicated software for calculation of VCD have been commercially available. The first
uses of VCD for AC determination in the pharmaceutical industry occurred in 1998, and today
nearly all major pharmaceutical companies, and many minor ones, are familiar with VCD and
either own VCD instrumentation or outsource determination of AC by VCD on a regular basis.
The following sections provide more details about the measurement and calculation of VCD
spectra for AC and EE determinations.

MEASUREMENT OF VCD 
The measurement of a VCD spectrum and its parent IR spectrum is based on Fourier-transform
infrared (FT-IR) absorption spectroscopy. The optical–electronic layout for the measurement of
VCD using an FT-VCD spectrometer is illustrated in Figure 4 (2).

PF 39(4): Jul.-Aug. 2013 493



Figure 4. Diagram illustrating the basic features of an FT-VCD spectrometer for the
measurement of the IR and VCD spectrum of a chiral sample.

The output beam of an FT-IR spectrometer is optically filtered and then linearly polarized before
passage through a photo-elastic modulator (PEM). The PEM changes the polarization state of
the beam between LCP and RCP at a frequency of 37,000 cycles/s (37 kHz). A sample solution
in a standard IR cell is placed in the beam, and a liquid-nitrogen–cooled detector of mercury–
cadmium telluride detects the transmitted beam. The detector produces signals in two
frequency ranges: One, IDC, in the range of 1-2 kHz, represents the IR interferogram, and the
other, IAC, centered at 37 kHz, represents the VCD interferogram. The IR interferogram may be
directly Fourier transformed to yield the IR spectrum. Following synchronous demodulation with
a reference at 37 kHz, the VCD interferogram can be Fourier transformed to yield the VCD
spectrum. 
Sampling requirements for VCD are close to those needed to obtain a good IR spectrum. Ideally,
analysts choose a combination of pathlength and sample concentration to obtain an average IR
absorbance value A in the range between 0.2 and 0.8 and concentrations between 0.1 and 1.0
molar depending on the molecular weight of the sample. Typical pathlengths for organic
solvents are in range of 50–100 µm, and sample quantities needed typically are 5–10 mg,
although amounts as low as 2 mg are possible. Typical solvents for VCD measurement of
organic molecules are deuterated solvents that have reduced solvent absorption in the mid-IR
region. Besides hydrogen-free solvents such as CCl4, other commonly used solvents for VCD are
CDCl3 and DMSO-d6. 
IR and VCD spectra can be plotted either in absorbance units as A and DA that reflect the

sampling conditions or in molar absorption coefficients  and D  that remove the concentration
and pathlength dependence of the intensity to give a molecular-level property that can be
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compared quantitatively to calculated IR and VCD intensities. The conversion between these

two sets of quantities is given by A = Cl and DA = D Cl, where C is the concentration in mol/L
and l the pathlength in cm. A useful dimensionless measure of the intrinsic strength of a VCD

band is the anisotropy ratio, defined as g = DA/A = D / . Including the spectral frequency

dependence of IR and VCD, the measured spectra are expressed either as A( ) and DA( ) or

as ( ) and D ( ). 
Both IR and VCD spectra require baseline corrections for instrumentation and solvent intensity.
Deviations from a perfectly flat baseline with zero offset must be removed before a final
calibrated VCD spectrum is complete. Solvent baseline correction can be achieved for IR and
VCD spectra by subtraction of the corresponding IR or VCD spectrum of the solvent in the same
sample cell. If the opposite enantiomer or racemic mixture of the sample is available, baseline
correction can be achieved as one-half the difference of these two equal and opposite VCD
spectra in the case of enantiomers or as simple subtraction in the case of the racemic mixture.
Baseline deviations are caused by the unavoidable presence of linear birefringence in the optical
elements of the instrument and the sample cell that become important for all but the largest
VCD intensities. 
Figure 4 illustrates the minimum setup for VCD measurement, but technically advanced
instruments use two PEMs to increase baseline stability (9) and two sources to increase signal
quality or reduce sample measurement time (10).

CALCULATION OF VCD 
In order to determine the AC of a molecule with unknown chirality using the VCD method as an
alternative or supplement to X-ray crystallography, analysts conduct a quantum chemistry
calculation of the molecule's IR and VCD intensities. Since the late 1990s, commercial software
has been available using the density function theory (DFT), which can be carried out by a
trained user and does not require special expertise or extensive experience in quantum
chemistry calculations. For example, VCD calculations are now part of some undergraduate
chemistry curricula. The following steps are required to carry out a DFT calculation of IR and
VCD:

1. The stereo-specific structure of the molecule is entered through a visual graphics
interface.

2. The quantum chemistry program then automatically carries out the following steps.
a. The geometry is optimized to a minimum energy conformation.
b. A force field is calculated that determines the vibrational modes of the molecule,

3N-6 modes for a molecule with N atoms
c. Atomic polar tensors are calculated that yields the IR spectrum
d. Atomic axial tensors are calculated that yields the VCD spectrum

3. The output of the calculation consists of table where for each mode i there is a

frequency, i, IR intensity (dipole strength) Di and VCD intensity (rotational strength)
Ri.

4. Commercially available programs calculate the IR and VCD spectra for the molecule using
the following steps.

a. A lineshape f( ) is applied to each dipole and rotational strength value, Di and Ri

centered at each vibrational frequency i.
b. Summation of these normal mode line-shaped intensities automatically produces
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the final calculated IR and VCD spectra ( ) and D ( ) that can be compared
directly to the corresponding measured IR and VCD spectra.

DETERMINATION OF ABSOLUTE CONFIGURATION 
If the AC of a molecule has previously been established, for example by X-ray crystallography,
a VCD calculation of the molecule is not necessary (but could be performed as a check of the
X-ray assignment) and its measured VCD spectrum may be taken as a reference standard for
the AC of the molecule supported for example by USP. For a molecule with unknown structural
chirality, the determination of its AC by VCD requires a comparison of the measured and

calculated IR and VCD spectra, ( ) and D ( ), as shown in Figure 2. The key point of the
comparison is correlating the major VCD bands to determine if they have the same or opposite
signs. The IR spectrum is a guide in the process. Seeing a close correspondence between the
calculated and measured IR spectra gives confidence that a good vibrational force field has
been calculated and the most important vibrational bands are correlated. If a corresponding
correlation of the signs of the major VCD bands can be made, as in Figure 2, then the AC has
been determined. 
When the measured and calculated VCD spectra are compared, the magnitudes of the
corresponding intensities are not critical. What is important is the relative intensities of the
bands in the two spectra, and in fact the comparison of measured and calculated spectra can

be made using different sets of intensities for ( ) and D ( ) for the calculated spectra and

A( ) and DA( ) for the measured spectra. In general, an exact match of the measured and
calculated band frequencies is not expected because of several limitations of the calculations,
e.g., the assumption of the harmonic approximation when some anharmonicity is present in the
measured spectra, ignoring the effects of solvent interactions with the chiral solute molecule,
limitations in the size of the basis set used for the quantum calculation, and the choice of
density function required for the DFT calculation. 
Another important factor that often is encountered in the assignment of the AC of
pharmaceutical molecules (4) and natural products (11), because of complexity of these types
of molecules, is the presence of more than one important conformer under the measurement
conditions. The fractional populations of different conformers can be predicted by using their
relative calculated energies in the Boltzmann distribution. The lowest-energy conformer has the
highest fractional population and so on to increasingly less-populated conformers with higher
relative energies. To calculate the VCD, one must calculate the IR and VCD of each important
conformer and then add these spectra together weighted by the fractional Boltzmann
population. Usually one can ignore the spectral contributions of conformers with less than a few
percent of the total population.
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Figure 5. On the right are displayed the measured (+) and calculated (S) IR and VCD spectra of
(+)-ibuprofen above and the stereo-structure of (S)-ibuprofen below. To the left are displayed
the stereo-structures, relative energy (RE) and percentage Boltzmann population (BP) for the

four most important solution-state conformers.

In Figure 5, the AC of the bioactive enantiomer of the analgesic (S)-(+)-ibuprofen is
determined by comparing the measured and calculated IR and VCD spectra. The calculated IR
and VCD are the sums of the IR and VCD conformer spectra, one for each conformer, weighted
by the fractional populations 0.37, 0.36, 0.12, and 0.07, plus smaller contributions from another
8 conformers that have a total contribution of 0.08. Clearly there are two, nearly equally
populated, important conformers, and the basic features of the final IR and VCD spectra are
determined by these spectra. As a result of this analysis, not only has VCD been able to
confirm the AC of (+)-ibuprofen as S, but two dominant solution-state conformers have been
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identified along with two more less populated conformers. 
In order to provide an unbiased statistical measure of the degree of similarity between
measured and calculated IR and VCD spectra, an analysis method based on a convolution
algorithm has been developed. The degree of similarity, or congruence, between a measured
and a calculated spectrum can be calculated and used to determine a degree of confidence
that the AC determined by visual inspection is correct. Details of the method have been
published (12). 
The results of the use of such statistical measures are shown in Figure 6. The degree of
similarity (the total neighborhood similarity, TNS) of the measured and calculated IR is 92.5,
where 100 is a perfect match. The same TNS measure for the VCD is 82.2. Because VCD bands
can be either positive or negative, a more refined analysis is carried out for VCD, and only
regions of sign agreement are compared for each enantiomer. In this case the signed
neighborhood similarity (SNS) for the S-enantiomer is 92.8 and for the R-enantiomer it is only
12.1. Clearly the analysis confirms the visual agreement of the measured VCD spectrum (upper
red line) and the calculated VCD spectra (lower red line) for the S-enantiomer vs. the R-
enantiomer (blue line). A further numerical comparison is calculated as the enantiomeric

similarity index (ESI), which equals SNS(S)  SNS(R). The result (red dot) is then plotted
against a database of 89 prior correct VCD assignments where the axes are SNS (vertical) and
enantiomeric similarity index (horizontal). The closer a statistical point is to the upper right-
hand corner of the plot, the higher the similarity of the comparison and the higher the degree
of confidence. The upper-right-hand corner of the plot is defined as 100% spectral similarity.
The degree of confidence is a statistical measure that is set to be 100% confidence for points
clustered in the upper right-hand region of the plot. Statistical measures such as these
mitigate the need for human judgment from the comparison of measured and calculated VCD
spectra and provide a statistical basis for assigning a degree of similarity between the
measured and calculated spectra.
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Figure 6. Output of a commercial program for comparison of measured VCD and IR spectra with
calculated VCD spectra of both enantiomers and the calculated IR spectrum. Statistical data

are explained in the text.

CHIRAL RAW MATERIAL IDENTIFICATION 
Currently, there is no routine, real-time chiral measurement for material identification (ID).
Chiral drug substances must comply with the USP monograph tests that typically rely upon
non-chiral test procedures such as mid-infrared spectroscopy. In practice, near-infrared
spectroscopy is used in many manufacturing facilities. For near-infrared analysis of solids,
analysts commonly use fiber-optic probes and then confirm the raw material by comparison of
the measured spectrum against that of the USP reference standard. To identify the AC and EE
of a chiral material, analysts must make a separate optical rotation measurement, which
requires large amounts of sample in a 10-cm pathlength cell where uncertainty errors are
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possible for materials with small OR values. 
A single measurement of the VCD spectrum and its associated IR spectrum in the mid-IR or
near-IR region of a raw material, either as a crystalline solid or in solution, simultaneously
contains information for the three critical measures: ID, AC, and EE. By comparison to a USP
reference standard, the IR and VCD spectra of a test material identifies the sample and the
presence of impurities, and separates impurities into achiral (IR only) or chiral (IR and VCD).
The signs of the VCD identify the AC of the dominant enantiomer, and the ratio of the VCD to
the IR gives the EE, as described previously. Typical VCD accuracy for EE determinations is in
the range of 0.1%–1%.

CHIRAL QUALITY CONTROL 
VCD can be used as a chiral measure for characterization of raw materials for process analytical
technology (PAT) during development, synthesis, formulation, and final production of drug
substances and drug products. VCD also can be used to test the interaction between
formulated chiral drug substances and excipients. Currently, there are no protocols for
monitoring EE as a quality control measure in the pharmaceutical industry. Because of the
importance of chirality as a critical measure of sample integrity, there is a need for the
incorporation of a new technology such as VCD to ensure the desired level chiral quality of
pharmaceutical products.

Future USP General Chapter on VCD 
The aim of this Stimuli article on VCD is develop a basis for a General Chapter in the US
Pharmacopeia for the use of VCD technology. Such a chapter would supplement and extend
the only existing General Chapter devoted to the measurement of molecular chirality, namely

the chapter on Optical Rotation 781 . The present Stimuli article has three purposes. The
first is to define VCD and then describe how VCD spectra are measured and calculated. The
second purpose is to describe how VCD can be used to determine the AC and EE of a chiral
sample for which AC and EE have not been previously determined. The most important such
application is for newly developed drug substances for which the FDA requires proof of AC of
the dominant enantiomer and the EE to a specified level of chiral purity. The third purpose is
describe how VCD can be used as a routine analytical measure of AC and EE for a test sample
for which a USP reference standard has been previously established. The signs of the VCD
relative to those of the reference standard determines the AC and the ratio of the VCD
intensities to the associated IR intensities determines the EE. Finally, we note that the
combination of IR and VCD spectra of test sample, both of which are simultaneously measured
when the VCD is measured, determines the chemical ID, the AC and EE of the sample. The
unique aspect of VCD relative to optical rotation and electronic circular dichroism is that it
combines structure specificity and chirality without the need for chromophores or other
chemical modifications of the sample for use. Because of this unique advantage, a General
Chapter on VCD would provide an advance in the USP for both guidelines on how to determine
the AC and EE of an unknown chiral sample, but also as a means to develop VCD reference
standards of AC and EE for existing chiral molecules of importance to the pharmaceutical
industry.
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Ointment (USP37-NF32 2S) 
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Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic Ointment (USP37-NF32 2S)
Neomycin Sulfate and Prednisolone Acetate Ophthalmic Ointment (USP37-NF32 2S) 
Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic Ointment (USP37-NF32 2S) 
Neomycin Sulfate, Sulfacetamide Sodium, and Prednisolone Acetate Ophthalmic Ointment
(USP37-NF32 2S) 
Neomycin Sulfate and Triamcinolone Acetonide Ophthalmic Ointment (USP37-NF32 2S) 
Oleovitamin A and D Capsules (USP37-NF32 2S) 
Bland Lubricating Ophthalmic Ointment (USP37-NF32 2S) 
Oxymetazoline Hydrochloride Ophthalmic Solution (USP37-NF32 2S) 
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Ophthalmic Ointment (USP37-NF32 2S) 
Paroxetine Extended-Release Tablets [NEW] (USP37-NF32 2S) 
Physostigmine (USP37-NF32 2S) 
Physostigmine Sulfate (USP37-NF32 2S) 
Physostigmine Sulfate Ophthalmic Ointment (USP37-NF32 2S) 
Pindolol (USP37-NF32 2S) 
Prednisolone Sodium Phosphate Compounded Oral Solution [NEW] (USP37-NF32 2S) 
Ramipril (USP37-NF32 2S) 
Safflower Oil (USP37-NF32 2S) 
Construct Human Fibroblasts in Polyglactin Scaffold (USP37-NF32 2S) 
Construct Human Fibroblasts in Bilayer Synthetic Scaffold (USP37-NF32 2S) 
Scopolamine Hydrobromide Ophthalmic Ointment (USP37-NF32 2S) 
Human Fibroblast-Derived Temporary Skin Substitute (USP37-NF32 2S) 
Sodium Chloride Ophthalmic Ointment (USP37-NF32 2S) 
Sodium Picosulfate [NEW] (USP37-NF32 2S) 
Somatropin (USP37-NF32 2S) 
Somatropin for Injection (USP37-NF32 2S) 
Spironolactone Compounded Oral Suspension [NEW] (USP37-NF32 2S) 
Spironolactone Compounded Oral Suspension, Veterinary (USP37-NF32 2S) 
Spironolactone Oral Suspension (USP37-NF32 2S) 
Sulfacetamide Sodium Ophthalmic Ointment (USP37-NF32 2S) 
Sulfacetamide Sodium and Prednisolone Acetate Ophthalmic Ointment (USP37-NF32 2S) 
Tetracaine Ophthalmic Ointment (USP37-NF32 2S) 
Tetracycline Hydrochloride Ophthalmic Ointment (USP37-NF32 2S) 
Tobramycin Ophthalmic Ointment (USP37-NF32 2S) 
Tobramycin and Dexamethasone Ophthalmic Ointment (USP37-NF32 2S) 
Tropicamide (USP37-NF32 2S) 
Vidarabine (USP37-NF32 2S) 
Vidarabine Ophthalmic Ointment (USP37-NF32 2S) 
Vitamin A (USP37-NF32 2S) 
Vitamin A Capsules (USP37-NF32 2S)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

STIMULI TO THE REVISION PROCESS
Stimuli to the Revision Process 

PF 39(5): Sep.-Oct. 2013 5



Confirmation of Analytical Method Calibration Linearity: Practical Application 
DNA-Based Methods for Authentication of Articles of Botanical Origin - Compendial Applications 
Lifecycle Management of Analytical Procedures: Method Development, Procedure Performance
Qualification, and Procedure Performance Verification 
Ophthalmic Preparations 
System Suitability for USP Chromatographic Procedures - Small Molecules
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Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.

The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).

The chart below shows the public review and comment process and its relationship to
standards development.
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Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF

The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond
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Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
 
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text

if slated for an IRA;

PF 39(5): Sep.-Oct. 2013 13



new text
if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 

2S (USP 34) indicates that the proposed revision is slated for the Second Supplement to USP 34,
and 
USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

1  Injections. USP 36–NF 31 page 33. On the basis of comments received, the proposed
revision to this chapter that first appeared in PF 38(6) [Nov.–Dec. 2012] was canceled and a
new, revised version is now being proposed. It is proposed to remove all information pertaining
to labeling, container content, and packaging and storage. The information is being moved in
preparation for a future chapter revision in which the chapter will contain only the basic
product quality test for parenteral drug products. Information being removed from the chapter
will be added to or placed in a new general chapter on the topic.

Listed are the labeling sections that are being removed from Injections 1  and added to

the new general chapter Labeling 7  38(6) [Nov.–Dec. 2012]:

1. Labels and Labeling
2. Potassium Chloride for Injection Concentrate
3. Neuromuscular Blocking and Paralyzing Agents

Listed are the packaging and storage sections that are being removed from Injections 1

and added to Packaging and Storage Requirements 659  38(6) [Nov.–Dec. 2012]:

1. Containers for Injections
2. Containers for Sterile Solids
3. Packaging and Storage

The Container Content section from 1  is being moved into a new general chapter

Container Content for Injections 697  38(6) [Nov.–Dec. 2012].
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(GCD: D. Hunt.)
Correspondence Number—C128347

Comment deadline: November 30, 2013

Change to read:

1  INJECTIONS
AND IMPLANTED DRUG PRODUCTS (PARENTERALS)—PRODUCT QUALITY TESTS

INTRODUCTION

Parenteral articles are preparations intended for injection through the skin or other external
boundary tissue, rather than through the alimentary canal, so that the active substances they
contain are administered, using gravity or force, directly into a blood vessel, organ, tissue, or
lesion. Parenteral articles are prepared scrupulously by methods designed to ensure that they
meet Pharmacopeial requirements for sterility, pyrogens, particulate matter, and other
contaminants, and, where appropriate, contain inhibitors of the growth of microorganisms. An
Injection is a preparation intended for parenteral administration and/or for constituting or
diluting a parenteral article prior to administration.

NOMENCLATURE AND DEFINITIONS

Nomenclature1

The following nomenclature pertains to five general types of preparations, all of which are
suitable for, and intended for, parenteral administration. They may contain buffers,
preservatives, or other added substances.

1. [DRUG] Injection—Liquid preparations that are drug substances or solutions thereof.
2. [DRUG] for Injection—Dry solids that, upon the addition of suitable vehicles, yield

solutions conforming in all respects to the requirements for Injections.
3. [DRUG] Injectable Emulsion—Liquid preparations of drug substances dissolved or

dispersed in a suitable emulsion medium.
4. [DRUG] Injectable Suspension—Liquid preparations of solids suspended in a suitable

liquid medium.
5. [DRUG] for Injectable Suspension—Dry solids that, upon the addition of suitable

vehicles, yield preparations conforming in all respects to the requirements for Injectable
Suspensions.

Definitions

BIOLOGICS

The Pharmacopeial definitions for sterile preparations for parenteral use generally do not apply
in the case of the biologics because of their special nature and licensing requirements (see

Biologics 1041 ).

2S (USP37)
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INGREDIENTS

Vehicles and Added Substances

Aqueous Vehicles—The vehicles for aqueous Injections meet the requirements of the Pyrogen

Test 151  or the Bacterial Endotoxins Test 85 , whichever is specified. Water for Injection
generally is used as the vehicle, unless otherwise specified in the individual monograph. Sodium
chloride may be added in amounts sufficient to render the resulting solution isotonic; and
Sodium Chloride Injection, or Ringer's Injection, may be used in whole or in part instead of
Water for Injection, unless otherwise specified in the individual monograph. For conditions
applying to other adjuvants, see Added Substances in this chapter.

Other Vehicles—Fixed oils used as vehicles for nonaqueous Injections are of vegetable origin,
are odorless or nearly so, and have no odor suggesting rancidity. They meet the requirements

of the test for Solid paraffin in Mineral Oil, the cooling bath being maintained at 10 , have a

Saponification Value between 185 and 200 (see Fats and Fixed Oils 401 ), have an Iodine

Value between 79 and 141 (see Fats and Fixed Oils 401 ), and meet the requirements of the
following tests.

Unsaponifiable Matter (see Fats and Fixed Oils 401 ): not more than 1.5%.

Acid Value (see Fats and Fixed Oils 401 ): not more than 0.2.

Peroxide Value (see Fats and Fixed Oils 401 ): not more than 5.0.

Water, Method Ic 921 : not more than 0.1%.

Limit of Copper, Iron, Lead, and Nickel— [Note—The test for nickel is not required if the oil has
not been subjected to hydrogenation, or a nickel catalyst has not been used in processing. ]

Proceed as directed in the section Trace Metals in Fats and Fixed Oils 401 . Not more than 1
ppm of copper is found; not more than 1 ppm of iron is found; not more than 1 ppm of lead is
found; and not more than 1 ppm of nickel is found.

Synthetic mono- or diglycerides of fatty acids may be used as vehicles, provided they are liquid

and remain clear when cooled to 10  and have an Iodine Value of not more than 140 (see Fats

and Fixed Oils 401 ). 
These and other nonaqueous vehicles may be used, provided they are safe, in the volume of
Injection administered, and also provided they do not interfere with the therapeutic efficacy of
the preparation or with its response to prescribed assays and tests.

Added Substances—Suitable substances may be added to preparations intended for injection
to increase stability or usefulness, unless proscribed in the individual monograph, provided they
are harmless in the amounts administered and do not interfere with the therapeutic efficacy or
with the responses to the specified assays and tests. No coloring agent may be added, solely
for the purpose of coloring the finished preparation, to a solution intended for parenteral
administration (see also Added Substances in General Notices and Antimicrobial Effectiveness

Testing 51 ). 
Observe special care in the choice and use of added substances in preparations for injection
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that are administered in a volume exceeding 5 mL. The following maximum limits prevail unless
otherwise directed: for agents containing mercury and the cationic, surface-active compounds,
0.01%; for chlorobutanol, cresol, phenol, and similar types of substances, 0.5%; and for sulfur
dioxide, or an equivalent amount of the sulfite, bisulfite, or metabisulfite of potassium or
sodium, 0.2%. 
A suitable substance or mixture of substances to prevent the growth of microorganisms must
be added to preparations intended for injection that are packaged in multiple-dose containers,
regardless of the method of sterilization used, unless one of the following conditions prevails:
(1) there are different directions in the individual monograph; (2) the substance contains a
radionuclide with a physical half-life of less than 24 hours; and (3) the active ingredients are
themselves antimicrobial. Such substances are used in concentrations that will prevent the
growth of or kill microorganisms in the preparations for injection. Such substances also meet

the requirements of Antimicrobial Effectiveness Testing 51  and Antimicrobial Agents—

Content 341 . Sterilization processes are used even though such substances are used (see

also Sterilization and Sterility Assurance of Compendial Articles 1211 ). The air in the
container may be evacuated or be displaced by a chemically inert gas. Where specified in a
monograph, information regarding sensitivity of the article to oxygen is to be provided in the
labeling.

LABELS AND LABELING

Labeling

Note—See definitions of “label” and “labeling” in section 10.40 Labeling under section 10.
Preservation, Packaging, Storage, and Labeling of the General Notices and Requirements.

The label states the name of the preparation; in the case of a liquid preparation, the
percentage content of drug or amount of drug in a specified volume; in the case of a dry
preparation, the amount of active ingredient; the route of administration; a statement of
storage conditions and an expiration date; the name and place of business of the
manufacturer, packer, or distributor; and an identifying lot number. The lot number is capable
of yielding the complete manufacturing history of the specific package, including all
manufacturing, filling, sterilizing, and labeling operations. 
Where the individual monograph permits varying concentrations of active ingredients in the
large-volume parenteral, the concentration of each ingredient named in the official title is
stated as if part of the official title, e.g., Dextrose Injection 5%, or Dextrose (5%) and Sodium
Chloride (0.2%) Injection. 
The labeling includes the following information if the complete formula is not specified in the
individual monograph: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent is intended to be added before use, the amount of each ingredient, the
composition of recommended diluent(s) [the name(s) alone, if the formula is specified in the
individual monograph], the amount to be used to attain a specific concentration of active
ingredient and the final volume of solution so obtained, a brief description of the physical
appearance of the constituted solution, directions for proper storage of the constituted
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solution, and an expiration date limiting the period during which the constituted solution may be
expected to have the required or labeled potency if it has been stored as directed. 
Containers for Injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L are labeled to indicate that the contents
are not intended for use by intravenous infusion. 
Injections intended for veterinary use are labeled to that effect. 
The container is so labeled that a sufficient area of the container remains uncovered for its full
length or circumference to permit inspection of the contents.

STRENGTH AND TOTAL VOLUME FOR SINGLE- AND MULTIPLE-DOSE INJECTABLE DRUG
PRODUCTS

For single-dose and multiple-dose injectable drug products, the strength per total volume
should be the primary and prominent expression on the principal display panel of the label,
followed in close proximity by strength per mL enclosed by parentheses. For containers holding
a volume of less than 1 mL, the strength per fraction of a mL should be the only expression of
strength. Strength per single mL should be expressed as mg/mL, not mg/1 mL.

The following formats are acceptable for contents of greater than 1 mL: 
Total strength/total volume: 500 mg/10 mL 
Strength/mL: 50 mg/mL 
or 

Total strength/total volume: 25,000 Units/5 mL 
Strength/mL: 5,000 Units/mL 
The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL

There are, however, some exceptions to expressing strength per total volume. In certain cases,
the primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). An example is the use of lidocaine or
other similar drugs used as a local anesthetic where the product is ordered and administered by
percentage (e.g., 1%, 2%) or a local anesthetic in combination with epinephrine that is
expressed as a ratio (e.g., 1:100,000). In such cases, the total strength should be expressed:
for example, 1% (100 mg/10 mL). Dry solids, which need to be reconstituted, should follow the
same format, with the exception that only the total strength of the drug should be listed, not
the strength/total volume or strength/mL.

Aluminum in Large-Volume Parenterals (LVPs), Small-Volume Parenterals (SVPs), and
Pharmacy Bulk Packages (PBPs) Used in Total Parenteral Nutrition (TPN) Therapy

a. The aluminum content of LVPs used in TPN therapy must not exceed 25 µg per L (µg/L).
b. The package insert of LVPs used in TPN therapy must state that the drug product

contains no more than 25 µg of aluminum per L. This information must be contained in
the “Precautions” section of the labeling of all LVPs used in TPN therapy.

c. If the maximum amount of aluminum in SVPs and PBPs is 25 µg per L (µg/L) or less,
instead of stating the exact amount of aluminum that each contains, as in paragraph
(d), the immediate container label for SVPs and PBPs used in the preparation of TPN
parenterals (with exceptions as noted below) may state: “Contains no more than 25
µg/L of aluminum”. If the SVP or PBP is a lyophilized powder, the immediate container
label may state the following: “When reconstituted in accordance with the package
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insert instructions, the concentration of aluminum will be no more than 25 µg/L”.
d. The maximum level of aluminum at expiry must be stated on the immediate container

label of all SVPs and PBPs used in the preparation of TPN parenterals and injectable
emulsions. The aluminum content must be stated as follows: “Contains no more than __
µg/L of aluminum”. The immediate container label of all SVPs and PBPs that are
lyophilized powder used in the preparation of TPN solutions must contain the following
statement: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than __ µg/L.” This maximum amount of
aluminum must be stated as the highest one of the following three levels:

1. The highest level for the batches produced during the last three years
2. The highest level for the latest five batches
3. The maximum level in terms of historical levels, but only until completion of

production of the first five batches after July 26, 2004.

The package insert for all LVPs, SVPs, and PBPs used in the preparation of TPN products must
contain a warning statement. This warning must be contained in the “Warning” section of the
labeling and must state the following: “WARNING: This product contains aluminum that may be
toxic. Aluminum may reach toxic levels with prolonged parenteral administration if kidney
function is impaired. Premature neonates are particularly at risk because their kidneys are
immature, and they require large amounts of calcium and phosphate solutions that contain
aluminum. Research indicates that patients with impaired kidney function, including premature
neonates, who receive parenteral levels of aluminum at greater than 4 to 5 µg per kg per day
accumulate aluminum at levels associated with central nervous system and bone toxicity.
Tissue loading may occur at even lower rates of administration of TPN products.”

PACKAGING

Containers for Injections

Containers, including the closures, for preparations for injections do not interact physically or
chemically with the preparations in any manner to alter the strength, quality, or purity beyond
the official requirements under the ordinary or customary conditions of handling, shipment,
storage, sale, and use. The container is made of material that permits inspection of the
contents. The type of glass preferable for each parenteral preparation is usually stated in the
individual monograph. Unless otherwise specified in the individual monograph, plastic containers

may be used for packaging injections (see Containers—Plastics 661 ). 
For definitions of single-dose and multiple-dose containers, see sections 10.20.70 and
10.20.110, respectively, in the General Notices and Requirements. Containers meet the

requirements in Containers—Glass 660  and Containers—Plastics 661 . 
Containers are closed or sealed in such a manner as to prevent contamination or loss of
contents. Validation of container integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, and storage, shipment, and
distribution. Closures for multiple-dose containers permit the withdrawal of the contents
without removal or destruction of the closure. The closure permits penetration by a needle and,
upon withdrawal of the needle, closes at once, protecting the container against contamination.
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Validation of the multiple-dose container integrity must include verification that such a package
prevents microbial contamination or loss of product contents under anticipated conditions of
multiple entry and use. 
Piggyback containers are usually intravenous infusion containers used to administer a second
infusion through a connector of some type or an injection port on the administration set of the
first fluid, thereby avoiding the need for another injection site on the patient's body. Piggyback
containers are also known as secondary infusion containers.

Potassium Chloride for Injection Concentrate

The use of a black closure system on a vial (e.g., a black flip-off button and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampul is prohibited, except for Potassium Chloride for Injection Concentrate.

Neuromuscular Blocking and Paralyzing Agents

All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules or cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.

Containers for Sterile Solids

Containers, including the closures, for dry solids intended for parenteral use do not interact
physically or chemically with the preparation in any manner to alter the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use. 
A container for a sterile solid permits the addition of a suitable solvent and withdrawal of
portions of the resulting solution or suspension in such manner that the sterility of the product
is maintained. 
Where the Assay in a monograph provides a procedure for the Sample solution, in which the
total withdrawable contents are to be withdrawn from a single-dose container with a
hypodermic needle and syringe, the contents are to be withdrawn as completely as possible
into a dry hypodermic syringe of a rated capacity not exceeding three times the volume to be
withdrawn and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length, with care
being taken to expel any air bubbles, and discharged into a container for dilution and assay.

Container Content

Each container of an injection contains sufficient excess to allow withdrawal of the labeled
quantity of drug. Such withdrawal shall be performed according to labeled directions, if
provided.

DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS

This section is harmonized with the corresponding texts of the European Pharmacopoeia and/or
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the Japanese Pharmacopoeia. These pharmacopeias have undertaken not to make any
unilateral change to this harmonized section. A portion of the present text (see below) is

national USP text, and therefore not part of the harmonized text; it is marked with symbols (
) to specify this fact. 

Suspensions and emulsions must be shaken before withdrawal of the contents and before the
determination of the density. Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken immediately before removing the

contents. The contents are then cooled to 20 –25 C before measuring the volume. Sterile
solid formulations must be constituted according to labeled directions before removing the
contents. Contents are then to be measured following the procedures for suspensions,
emulsions, or solutions, as appropriate.

Single-Dose Containers—Select 1 container if the volume of the container is 10 mL or more,
3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5 containers if the
nominal volume is 3 mL or less. Take up individually the total contents of each container
selected into a dry syringe of a capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length. Expel any air bubbles
from the syringe and needle, and then discharge the contents of the syringe, without emptying
the needle, into a standardized, dry cylinder (graduated to contain rather than to deliver the
designated volumes) of such size that the volume to be measured occupies at least 40% of its
graduated volume. Alternatively, the volume of the contents in mL may be calculated as the
mass, in g, divided by the density. For containers with a nominal volume of 2 mL or less, the
contents of a sufficient number of containers may be pooled to obtain the volume required for
the measurement, provided that a separate, dry syringe assembly is used for each container.
The contents of containers holding 10 mL or more may be determined by means of opening
them and emptying the contents directly into the graduated cylinder or tared beaker. 
The volume is not less than the nominal volume in the case of containers examined individually
or, in the case of containers with a nominal volume of 2 mL or less, is not less than the sum of
the nominal volumes of the containers taken collectively.

Multi-Dose Containers—For Injections in multiple-dose containers labeled to yield a specific
number of doses of a stated volume, select 1 container, and proceed as directed for single-
dose containers, using the same number of separate syringe assemblies as the number of doses
specified. The volume is such that each syringe delivers not less than the stated dose.

Injections in Cartridges or Prefilled Syringes—Select 1 container if the volume is 10 mL or
more, 3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit the containers with the
accessories required for their use (needle, piston, syringe) and transfer the entire contents of
each container without emptying the needle into a dry tared beaker by slowly and constantly
depressing the piston. Determine the volume in mL, calculated as the mass, in g, divided by the
density. 
The volume measured for each of the containers is not less than the nominal volume.

Large-Volume Intravenous Solutions—For intravenous solutions, select 1 container.
Transfer the contents into a dry measuring cylinder of such a capacity that the volume to be
determined occupies at least 40% of the nominal volume of the cylinder. Measure the volume
transferred. 
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The volume is not less than the nominal volume.

Labeling on Ferrules and Cap Overseals

Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that assures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:

1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute Before Using.” The cautionary
statement should be printed in a contrasting color and clearly visible under ordinary
conditions of use.

2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.

3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.

Official December 1, 2013

Packaging and Storage

The volume of injection in single-dose containers provides the amount specified for parenteral
administration at one time and in no case is more than sufficient to permit the withdrawal and
administration of 1 L. 
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
only in single-dose containers. 
Unless otherwise specified in the individual monograph, a multiple-dose container contains a
volume of Injection sufficient to permit the withdrawal of not more than 30 mL. 
The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:

1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions
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2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration

Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1-L restriction. 
Injections labeled for veterinary use are exempt from packaging and storage requirements
concerning the limitation to single-dose containers and the limitation on the volume of multiple-
dose containers.

FOREIGN AND PARTICULATE MATTER

Articles intended for parenteral administration shall be prepared in a manner designed to

exclude particulate matter as defined in Particulate Matter in Injections 788  and other
foreign matter as appropriate for the dosage form.

Each final container of all parenteral preparations shall be inspected to the extent possible for
the presence of observable foreign and particulate matter (hereafter termed “visible
particulates”) in its contents. The inspection process shall be designed and qualified to ensure
that every lot of all parenteral preparations is essentially free from visible particulates.
Qualification of the inspection process shall be performed with reference to particulates in the
visible range of a type that might emanate from the manufacturing or filling process. Every
container whose contents show evidence of visible particulates shall be rejected. The
inspection for visible particulates may take place when inspecting for other critical defects,
such as cracked or defective containers or seals, or when characterizing the appearance of a
lyophilized product. 
Where the nature of the contents or the container–closure system permits only limited
capability for the inspection of the total contents, the 100% inspection of a lot shall be
supplemented with the inspection of constituted (e.g., dried) or withdrawn (e.g., dark amber
container) contents of a sample of containers from the lot. 
All large-volume Injections for single-dose infusion and small-volume Injections are subject to
the light obscuration or microscopic procedures and limits for subvisible particulate matter set

forth in Particulate Matter In Injections 788 , unless otherwise specified in the individual
monograph. An article packaged as both a large-volume and a small-volume Injection meets the
requirements set forth for small-volume Injections where the container is labeled as containing

100 mL or less, if the individual monograph states a test for Particulate Matter in Injections 

788 ; it meets the requirements set forth for large-volume Injections for single-dose infusion
where the container is labeled as containing more than 100 mL.

STERILITY

Sterility Tests—Preparations for injection meet the requirements in Sterility Tests 71 .

USP36

USP36
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CONSTITUTED SOLUTIONS

Dry solids from which constituted solutions are prepared for injection bear titles of the form
[DRUG] for Injection. Because these dosage forms are constituted at the time of use by the
healthcare practitioner, tests and standards pertaining to the solution as constituted for
administration are not included in the individual monographs on sterile dry solids or liquid
concentrates. However, in the interest of assuring the quality of injection preparations as they
are actually administered, the following nondestructive tests are provided for demonstrating the
suitability of constituted solutions when they are prepared just prior to use.

Completeness and Clarity of Solution—Constitute the solution as directed in the labeling
supplied by the manufacturer for the sterile dry dosage form.

A:The solid dissolves completely, leaving no visible residue as undissolved matter.

B:The constituted solution is not significantly less clear than an equal volume of the diluent or
of Purified Water contained in a similar vessel and examined similarly.

Particulate Matter—Constitute the solution as directed in the labeling supplied by the
manufacturer for the sterile dry dosage form: the solution is essentially free from particles of
foreign matter that can be observed on visual inspection.

INTRODUCTION

Parenteral drug products include both injections and implanted drug products that are injected
through the skin or other external boundary tissue, or implanted within the body to allow the
direct administration of the active drug substance(s) into blood vessels, organs, tissues, or
lesions. Injections may exist as either immediate- or extended-release dosage forms. Implanted
parenteral drug products are long-acting dosage forms that provide continuous release of the
active drug substance(s) often for periods of months to years. For systemic delivery, they may
be placed subcutaneously; for local delivery, they may be placed in a specific region of the
body. Routes of administration for parenteral drug products include intravenous,
intraventricular, intra-arterial, intra-articular, subcutaneous, intramuscular, intrathecal,
intracisternal, and intraocular. 
Parenteral dosage forms include solutions, suspensions, emulsions, sterile powders for solutions
and suspensions (including liposomes), implants (including in situ gels and microparticles), and
products that consist of both a drug and a device such as drug-eluting stents. The reader is

directed to general information chapter Pharmaceutical Dosage Forms 1151 1 and to the
later sections of this chapter for additional descriptions of dosage forms that fall into the

general category of parenteral drug products. Nomenclature 1121 1 provides information on
nomenclature used to establish USP names and monograph titles for parenteral drug products. 
Injectable parenteral drug products may exist in either immediate- or extended-release dosage
forms, while implanted parenteral drug products may exist in long-acting dosage forms. 

General chapter 1  provides a framework to support new individual monographs. The
contents of the chapter may be considered as “moving forward” documents that are not

intended to replace the need for individual monographs. General chapter 1  also provides pick
lists of consolidated common product quality test requirements in a concise and a coherent
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fashion. If a monograph exists, it should contain all the tests required for the dosage form. If a
specific drug product monograph is missing (not in existence), the general chapters provide the
quality tests that can be used by manufacturers until the monograph needed for that dosage
form appears in USP. 
The Pharmacopeial definitions for sterile preparations for parenteral use generally do not apply
in the case of biologics because of their special nature and licensing requirements (see Biologics

1041 1).

Drug Product Quality and Drug Product Performance Tests

Procedures and acceptance criteria for testing parenteral drug products are divided into two
categories: (1) those that assess product quality attributes, e.g., identification, sterility, and
particulate matter, and are contained in this chapter and (2) those that assess product
performance, e.g., in vitro release of the drug substance from the drug product. Whereas
quality tests assess the integrity of the dosage form, the performance tests assess
performance (bioavailability) after the product has been administered to the patient. A product
performance test, i.e., drug release test for suspensions, emulsions, powder for suspension
(including microparticles and liposomes), and drug-eluting stents, should be carried out using
appropriate test procedures.

PRODUCT QUALITY TESTS COMMON TO PARENTERAL DOSAGE FORMS

Universal Tests

Universal tests are listed below and are applicable to parenteral dosage forms.

Description: A qualitative description of the dosage form should be provided. The acceptance
criteria should include the final acceptable appearance. If color changes during storage, a
quantitative or a semiquantitative procedure may be appropriate. This section specifies the

content or the label claim of the article (see Labeling 7 ). Additional information about

commonly used terms and definitions can be found in Nomenclature 1121 1.

Identification: Identification tests are discussed in General Notices and Requirements, 5.40
Identity. Identification tests should establish the identity of the drug or drugs present in the
article and should discriminate between compounds of closely related structure that are likely
to be present. The most conclusive test for identity is the IR absorption spectrum (see

Spectrophotometry and Light-Scattering 851  and Spectrophotometric Identification Tests 

197 ). If no suitable IR spectrum can be obtained, other analytical methods can be used.
Near-infrared or Raman spectrophotometric methods also could be acceptable for the sole

identification of the drug product formulation (see Near-Infrared Spectrophotometry 1119 1

and Raman Spectroscopy 1120 1). Identification solely by a single chromatographic retention
time is not regarded as specific. However, the use of two chromatographic procedures in which
the separation is based either on different principles or a combination of tests in a single

procedure can be acceptable (see Chromatography 621  and Thin-Layer Chromatographic

Identification Test 201 ). Additional information regarding identification tests can be found in
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Identification Tests—General 191  and Mass Spectrometry 736 .

Assay: A specific and stability-indicating test should be used to determine the strength
(content) of the drug product. In cases where the use of a nonspecific assay is justified, other
supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay.

Impurities: Tests for Impurities are discussed in General Notices and Requirements, 5.60. All
articles should be tested to ensure that they meet the requirements.

Foreign and particulate matter: Articles intended for parenteral administration should be
prepared in a manner designed to exclude particulate matter as defined in Subvisible

Particulates Matter in Therapeutic Protein Injections 787  and in Particulate Matter in

Injections 788  as well as excluding other foreign matter as appropriate for the dosage form.
Each final container of all parenteral preparations should be inspected to the extent possible for
the presence of observable foreign and particulate matter (hereafter termed visible
particulates) in its contents. The inspection process should be designed and qualified to ensure
that every lot of all parenteral preparations is essentially free from visible particulates, as

defined in Visible Particulates in Injections 790 . Qualification of the inspection process
should be performed with reference to particulates in the visible range and those particulates
that might emanate from the manufacturing or filling process. Every container in which the
contents show evidence of visible particulates must be rejected. The inspection for visible
particulates may take place during examination for other critical defects such as cracked or
defective containers or seals or when characterizing the appearance of a lyophilized product. 
When the nature of the contents or the container–closure system permits only limited
inspection of the total contents, the 100% inspection of a lot should be supplemented with the
inspection of constituted (e.g., dried) or withdrawn (e.g., from a dark amber container)
contents of a sample of containers from the lot. 
Large-volume injections for single-dose infusion, small-volume injections, and Pharmacy Bulk
Packages (PBP) are subject to the light obscuration or microscopic procedures and limits for

subvisible particulate matter set forth in Particulate Matter in Injections 788 , unless
otherwise specified in the chapter or in the individual monograph. An article packaged as both a
large-volume and a small-volume injection meets the requirements set forth for small-volume
injections where the container is labeled as containing 100 mL or less. It meets the
requirements set forth for large-volume Injections for single-dose infusion where the container
is labeled as containing more than 100 mL.

Sterility: The sterility of all drug products intended for parenteral administration should be

confirmed by the use of methods described in Sterility Tests 71  or by an approved
alternative method.

Bacterial endotoxins: All articles intended for parenteral administration should be prepared in

a manner designed to exclude bacterial endotoxins as defined in Bacterial Endotoxin Test 85

or Pyrogen Test 151 .

Container content: Container contents should be determined when appropriate (see the

proposed general test chapter Container Content for Injections 697 ).
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Leachables and extractables: The packaging system should not interact physically or
chemically with the preparation in any manner to alter the strength, quality, or purity of the
drug product. The packaging system should meet the requirements under Elastomeric Closures

for Injections 381 , Containers—Glass 660 , Containers—Plastic 661 , Plastic Materials

of Construction 661.1 , and Plastic Systems for Pharmaceutical Use  661.2 . Further
information regarding packaging systems testing may be found in Assessment of Extractables

Associated with Pharmaceutical Packaging/Delivery Systems 1663  and Assessment of Drug

Product Leachables Associated with Pharmaceutical Packaging/Delivery Systems 1664 .

Container closure integrity: The packaging system should be closed or sealed in such a
manner as to prevent contamination or loss of contents. Validation of container integrity must
demonstrate no penetration of microbial contamination or chemical or physical impurities (see

Sterile Product Packaging—Integrity Evaluation 1207 ).

Labeling: All articles intended for parenteral administration should meet the labeling

requirements defined in Labeling 7 ).

Specific Tests

In addition to the universal tests listed above, the following specific tests may be considered
on a case-by-case basis and, when appropriate, are referenced in the USP-NF monograph.

Physicochemical properties: These include such properties as Osmolality and Osmolarity 

785 , pH 791 , Specific Gravity 841 , and Viscosity—Capillary Viscometer Methods 911

).

Uniformity of dosage units: This test is applicable for parenteral drug products and dosage
forms packaged in single-unit containers. It includes both the mass of the dosage form and the

content of the active substance in the dosage form (see Uniformity of Dosage Units 905 ).

Vehicles and added substances

Aqueous vehicles—Aqueous vehicles must meet the requirements of Pyrogen Test 151  or

Bacterial Endotoxin Test 85 , whichever is specified in the monograph. Water for Injection is
generally used as the vehicle. Sodium chloride or dextrose may be added to render the resulting
solution isotonic, and Sodium Chloride Injection or Ringer's Injection may be used in whole or in
part instead of Water for Injection.

Nonaqueous vehicles—Fixed oils used as vehicles are of vegetable origin and are odorless. They
meet the following requirement in the test for Solid Paraffin in the Mineral Oil monograph:

Cooling bath maintained at 10

Nonaqueous vehicles also meet the requirements of the following tests:

Saponification Value (see Fats and Fixed Oils 401 ): between 185 and 200

Iodine Value (see 401 ): NMT 140

Unsaponifiable Matter (see 401 ): NMT 1.5%
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Acid Value (see 401 ): NMT 0.2

Peroxide Value (see 401 ): NMT 5.0

Water, Method Ic (from Water Determination 921 ): NMT 0.1%
Synthetic mono- or diglycerides of fatty acids may be used provided they are liquid and

remain clear when cooled to 10 .

Added substances—Suitable substances may be added to preparations in order to increase
stability or usefulness unless they are proscribed in the monograph. No coloring agent may be
added to a preparation solely for the purpose of coloring the finished preparation (see General

Notices and Requirements, 5.20. Added Substances and Antimicrobial Effectiveness Testing 

51 ). 
Observe special care in the choice and use of added substances in preparations with volumes
that exceed 5 mL. The following limits prevail unless otherwise directed:

Mercury and cationic surface-active agents: NMT 0.01%
Chlorobutanol, cresol, phenol, and similar substances: NMT 0.5%
Sulfur dioxide or an equivalent amount of sulfite, bisulfite, or metabisulfite of potassium
or sodium: NMT 0.2%

Antimicrobial preservative: Antimicrobial agents must be added to preparations intended for
injection that are packaged in multiple-dose containers unless one of the following conditions
prevails: (1) there are different directions in the individual monograph; (2) the substance
contains a radionuclide with a physical half-life of less than 24 h; or (3) the active ingredients
are themselves antimicrobial. Substances must meet the requirements of Antimicrobial

Effectiveness Testing 51  and Antimicrobial Agents—Content 341 .

Water content: The water content of freeze-dried (lyophilized) products should be determined

when appropriate (see Water Determination 921 ).

Biological reactivity: Implantable and combination drug products (drug/device) that contain a

polymeric material should meet the requirements of Biological Reactivity Tests In Vivo 88 .

Globule size distribution: Emulsions should meet the requirements of Globule Size Distribution

in Lipid Injectable Emulsions 729 .

Aluminum content: Large-volume parenterals used to make total parenteral nutrition therapy
(TPN) are limited to 25 µg/L. Small-volume parenterals and pharmacy bulk packages used to
make TPN must state on the immediate container label the maximum level of aluminum at expiry
if the maximum level exceeds 25 µg/L.

Completeness and clarity of solutions: The following tests are performed to demonstrate
suitability of constituted solutions prepared before administration. Constitute the solution as
directed in the labeling supplied by the manufacturer:

The solid dissolves completely, leaving no undissolved matter.
The constituted solution is not significantly less clear than an equal volume of the
diluent or of Purified Water contained in a similar vessel and examined similarly.

The constituted solution is free from particulate matter that can be observed on visual
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inspection (see Visible Particulate Matter 790 ).

PRODUCT QUALITY TESTS FOR SPECIFIC PARENTERAL DOSAGE FORMS

Product quality tests for the specific dosage forms are listed below. Specific chapter(s)
referenced for the test can be found in the Universal Tests and Specific Tests sections. When
there is no compendial test available, a validated procedure with acceptance criteria should be
used.

Solutions

A solution is a clear, homogeneous liquid dosage form that contains one or more chemical
substances (e.g., drug substances or excipients) dissolved in a solvent (aqueous or
nonaqueous) or a mixture of mutually miscible solvents. Solutions intended for parenteral
administration (e.g., by injection or for irrigation) must be sterile and biocompatible with the
intended administration site. This includes consideration of factors such as tonicity, pH,
pyrogenicity, extraneous particulate matter, and physicochemical compatibility, among others. 
Unless otherwise justified, the following tests are required for solutions for injection:

Description
Identification
Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolality
Antimicrobial Preservatives

Sterile Powders for Solution

Sterile powders for solutions (also referred to as sterile powders for injection) consist of drug
substances and other components as dry-formulation ingredients to ensure the chemical and
physical stability of the presentation within a final-use container. Companion sterile diluent or
diluent compartments may be provided to facilitate constitution to the desired final volume. 
The sterile article for injection may be presented in several forms: lyophilized powder intended
for final solution or final suspension, powdered solids intended for final solution or suspension,
microparticles that retain their integrity and are delivered as a sterile suspension, or dry solids
that form viscous liquids or gels upon constitution. The description should include a section
that deals with ease of dispersion and reconstitution. The dosage form is a homogeneous solid
that is readily constituted to the final form with the specified diluent, and dispersion is
completed with gentle agitation. 
Unless otherwise justified, the following tests apply to sterile powders for injection:

Description
Identification
Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
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Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolality

The following applies to constituted solutions:

Completeness and clarity of solution: Constitute the solution as directed in the labeling
supplied by the manufacturer for the sterile dry dosage form:

The solid dissolves completely, leaving no visible product residue as undissolved
matter.
The constituted solution is not significantly less clear than an equal volume of the
diluent or of Purified Water contained in a similar vessel and examined similarly.

In addition, the following parameters for the sterile solids may apply:

Dry state

Uniformity of Dosage Units 905 —To ensure the consistency of dosage units, each unit in a
batch should have a drug substance content within a narrow range around the label claim.
Dosage units are defined as dosage forms that contain a single dose or a part of a dose of drug
substance in each unit. For liquid dosage forms analysts should conduct the Assay on an
amount of well-mixed constituted material that is removed from an individual container under
conditions of normal use, should express the results as delivered dose, and should calculate the
acceptance value.

Water or solvent content control—Water or solvent content may have important effects on
reconstitution and stability. For articles that require water or solvent content control, analysts
should perform one of the following methods or a suitable replacement (see Water

Determination 921 ).

Loss on Drying 731 —The procedure set forth in this chapter determines the amount of
volatile matter of any kind that is driven off under the conditions specified.

Water Determination 921 —When the article contains water of hydration, analysts should
employ Method I (Titrimetric), Method II (Azeotropic—Toluene Distillation), or Method III
(Gravimetric) as directed in the individual monograph.

Appearance—Analysts should assess the level of and the unit variation for the following
parameters:

Color of Cake: Varies within target parameters
Texture and Homogeneity of Cake: Varies within target parameters
Presence of Foreign Material: All units with visible foreign material must be rejected
Particle Size and Distribution (Dry Powder): Evaluation of the powder solids for proper
solid form and crystallinity is a measure of process control and consistency.

Particle Size Distribution Estimation by Analytical Sieving 786 —This chapter can be used for
loose powders.

Crystallinity: The crystallinity of a material can be characterized to determine compliance with
the crystallinity requirement where stated in the individual monograph of a drug substance.
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Optical Microscopy 776 : Crystallinity can be characterized by polarized light
microscopy for qualitative evaluation of the size, shape, and crystallinity of solids.
Unless otherwise specified in the individual monograph, analysts should mount a solid
specimen in mineral oil on a clean glass slide or cover slip and should examine the
mixture using a polarizing microscope: The particles show birefringence (interference
colors) and extinction positions when the microscope stage is revolved.

Vehicles and diluents: Guidelines for constitution and suspension of dry powders are found in
the specific monographs. If there is a specific packaged diluent for use with a particular
product that is not included in a monograph, then the final article is prepared with that diluent.

Microparticles: Some microparticles are provided as a sterile powder to be reconstituted as a
solution before injection. Major microparticle preparations are for reconstitution as a suspension
for injection. For quality test requirements, please refer to the information under Implants (see
below).

Suspensions

Parenteral suspensions are liquid dosage forms that contain solid particles in a state of uniform
dispersion. Suspensions for parenteral administration must be sterile and compatible with the
administration site. Consideration should be given to pH and pyrogenicity, and appropriate limits
should be identified. Physical stability evaluations of parenteral suspension preparations should
include evaluations to confirm that the particle size range of suspended matter does not
change with time and to confirm that the solids in the preparation can be readily resuspended
to yield a uniform preparation. 
In addition to the tests for injectable solutions, the following tests are required for suspensions
for injection unless otherwise justified:

Description: This also should assess resuspendability and settling phenomena in addition
to general appearance
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH
Uniformity of Dosage Units
Antimicrobial Preservatives

Liposomes

Liposomes are unique drug products with unique properties that can be either solutions or
suspensions. Liposomes are aqueous dispersions of amphiphilic lipids and have low water
solubility. They are organized as a bilayer sheet that encloses an internal aqueous compartment
and are known as lipid bilayer vesicles. Liposomes can have a single lipid bilayer (unilamellar
vesicle) or can have an onion-like multilayered structure (multilamellar vesicle). The amphiphilic
lipids comprise a hydrated head group at the water interface of the bilayer attached to a
hydrophobic group that forms the interior of the bilayer by association with the hydrophobic
group of lipids from the opposite leaflet of the bilayer. The physical properties of the liposome
and its bilayer can vary widely and depend on lipid composition, aqueous composition, and
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temperature relative to the acyl components' phase transition points. Because of the central
aqueous compartment, a simple test for the presence of liposomes in a lipid dispersion is to
determine the presence of an entrapped aqueous phase. 
A liposome drug product consists of the drug substance, liposome components, and other
inactive but critical ingredients such as an aqueous dispersion unless the contents are a
lyophilized product. 
Unless otherwise justified, the following tests are required for liposomes:

Description
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH
Lipid and fatty acid composition including degree of unsaturation and positional
specificity in acyl side chains and critical degradation products such as lysolipids2

Particle Size2

Particle Size Distribution of Liposomal Vesicles2

Lamellarity2

Phospholipid Composition2

Zeta Potential (surface charge)2

Percent Free vs. Percent Encapsulated Lipids2

Ionic Strength and Osmotic Strength2

Sterile Powders for Suspension

Sterile powders for suspensions consist of drug substances and other components as dry-
formulation ingredients to ensure the chemical and physical stability of the presentation within
a final-use container. Companion sterile diluent or diluent compartments may be provided to
facilitate constitution to the desired final volume. 
The sterile article for injection may be presented in several forms: lyophilized powder intended
for final suspension, powdered solids intended for final suspension, and microparticles that
retain their integrity and are delivered as a sterile suspension. The description should include a
section that deals with ease of dispersion and reconstitution. The dosage form is a
homogeneous solid that is readily constituted to the final form with the specified diluent, and
dispersion is completed with gentle agitation.

Emulsions

Emulsions for parenteral dosage forms are liquid preparations of drug substances dissolved or
dispersed in a suitable emulsion medium. Oil-in-water or water-in-oil emulsions typically entrap
the drug substance. 
Emulsions typically are white, turbid, homogeneous liquid dosage forms that contain one or
more chemical substances (e.g., drug substances and excipients) dissolved in a solvent
(aqueous or nonaqueous) or mixture of mutually miscible solvents. Emulsions intended for
intravenous administration must be sterile and must be compatible with the intended
administration site. 
Unless otherwise justified, the following tests are required for emulsions for injection:

Description
Identification
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Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolality
Globule Size Distribution
Liquid Droplet Size2

Lipid Droplet Size2

Amount of Fat Globules (lipids)2

Percent Free vs. Percent Encapsulated Lipids2

Zeta Potential2

Implants

Implants for extended release consist of a matrix of drug substance and polymeric excipient
that may or may not have an outer rate-controlling membrane. The polymeric excipient must be
biocompatible but may or may not be bioresorbable. Some implants are made from medical-
grade metal with an osmotic pump inside that effects the extended release of the drug
substance. Implants must be sterile and usually are formed in the shape of a cylinder, although
other shapes are used. Solvents used to dissolve the formulation can lead to sterilization, and
thus the internal sterility test method should demonstrate that the sample preparation does not
lead to sterilization of the test sample. 
Cylindrically shaped implants for systemic delivery usually are provided in an inserter for
subcutaneous or local administration such as local ocular delivery. Implants also can be
surgically implanted for local delivery, e.g., ocular delivery. 
Unless otherwise justified, the following tests are required for implants:

Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units

Depending on the drug product, the following tests may be required:
Water Content
Foreign and Particulate Matter: Particulate Matter in Injections
Foreign and Particulate Matter: Visible Particulates in Injections

In situ gels: Sterile in situ gels are liquid preparations that are intended for injection into
specific therapeutic targets. Typically they consist of polymers in organic solvents, and upon
injection the solvents migrate away from the site, leaving a gelled mass. The preparations may
be injected as-is, upon reconstitution, from in situ formation, or from chemically initiated
catalysis that results in the final form. 
Unless otherwise justified, the following tests are required for in situ gels:

Description
Identification
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Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physicochemical Properties: Viscosity
Antimicrobial Preservatives
Catalyst Initiator Content and Activity2

Residual Monomer2

Time to Gel Formation2

Microparticles: Injectable, resorbable microparticles for extended release generally range from
20–100 µm in diameter. They consist of drug substances embedded within a biocompatible,
bioresorbable polymeric excipient, e.g., polyester excipients. Microparticles are provided as a
sterile powder in a vial or syringe. 
Just before intramuscular or subcutaneous administration, the microparticle powder should be
suspended in an aqueous injection vehicle (diluent). The injection vehicle usually consists of
Water for Injection, surfactant, and a viscosity enhancer, and the vehicle may contain a
compound that adjusts osmolality, e.g., a sugar with or without a compound that controls pH,
e.g., an acid. The injection vehicle must be sterile and must be tested according to
requirements for solutions that are intended for parenteral administration. 
Unless otherwise justified, the following tests are required for microparticles for injection:

Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units
Water Content
Residual Solvents

Depending on the drug product, the following tests may be required:
Particle Size Distribution
Foreign and Particulate Matter: Visible Particulates in Injections
Foreign and Particulate Matter: Particulate Matter in Injections
Physicochemical Properties: pH, Osmolarity and Osmolarity

Drug-Eluting Stents

Stents are tiny metal or polymer scaffolds used to keep arteries open following a medical
intervention. Drug-eluting stents are stents in which a drug substance is incorporated into or
onto the stent platform, usually in a polymer matrix. Drug-eluting stents typically have two
components of testing: (1) functional tests that generally are American Society for Testing and
Materials International (ASTM) methods that fall outside the scope of this chapter and (2)
analytical tests. 
Unless otherwise justified, the following tests are required for stents and/or drug eluting stents:

Description

PF 39(5): Sep.-Oct. 2013 34



Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units. The content of the active substance in the dosage form is
applicable for drug-eluting stents packaged in single-unit containers. The test can be
performed by either content uniformity or weight variation (see Uniformity of Dosage

Units 905 ). With appropriate justification, the number of stents needed for this test

may be fewer than the recommended number of stents in 905 .
Biological Reactivity
Particulates
Coating Thickness(es)2

Coating Robustness and Susceptibility to Cracking on Expansion2

Free Drug vs. Encapsulated Drug2

Morphology (surface and cross section)2

Polydispersity2

Copolymer Ratio2

Glass Transition Point2

Coating Adhesion to Stent Surface2

Tissue Reaction Tests2

Polymer Molecular Weight2

1  This nomenclature has been adopted by the USP Drug Nomenclature Committee for implementation by
supplemental revisions of USP 34–NF 29. For currently official monograph titles in the form Sterile [DRUG] that
have not yet been revised, the following nomenclature continues in use in this Pharmacopeia: (1) medicaments
or solutions or emulsions thereof suitable for injection, bearing titles of the form [DRUG] Injection; (2) dry
solids or liquid concentrates containing no buffers, diluents, or other added substances, and which, upon the
addition of suitable solvents, yield solutions conforming in all respects to the requirements for Injections, and
which are distinguished by titles of the form Sterile [DRUG]; (3) preparations the same as those described
under (2) except that they contain one or more buffers, diluents, or other added substances, and which are
distinguished by titles of the form [DRUG] for Injection; (4) solids which are suspended in a suitable fluid
medium and which are not to be injected intravenously or into the spinal canal, distinguished by titles of the
form Sterile [DRUG] Suspension; and (5) dry solids which, upon the addition of suitable vehicles, yield
preparations conforming in all respects to the requirements for Sterile Suspensions, and which are
distinguished by titles of the form Sterile [DRUG] for Suspension.

1
  All listed chapters above <1000> are for information purposes only; they may be helpful but are not
mandatory.

2

  No compendial test available; a validated procedure with acceptance criteria should be used.

BRIEFING

89  Enzymes Used As Ancillary Material in Pharmaceutical Manufacturing. This new
general test chapter provides analytical procedures to aid in the assessment of quality for

2S (USP37)

2S (USP37)

2S (USP37)
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enzymes that are used in biopharmaceutical manufacturing. Examples include trypsin,
collagenase, pepsin, and papain. This chapter does not discuss the applications of these
enzymes but rather focuses on tests to assess the qualities as process materials. Further,
the chapter does not provide ways to limit the enzymes in the final medicinal product. The
first enzyme discussed in the chapter is recombinant trypsin. Other enzymes will be added in
subsequent revisions of the chapter.

The activity of recombinant trypsin is determined using a chromogenic peptide substrate
carbobenzoxy-valyl-glycyl-arginine-4-nitril-anilide acetate. The liquid chromatographic
procedure in the test for Purity is based on analyses performed with the YMC-Pack ODS-A
brand of L1 column. The retention time for the main peak is 12–17 min. A new Reference
Standard, USP rTrypsin RS, is proposed for use during assessment of the system suitability
for the proposed Assay and test for Purity.

(BIO: E. Chang.)
Correspondence Number—C126264

Comment deadline: November 30, 2013

Add the following:

89  ENZYMES USED AS ANCILLARY MATERIALS IN PHARMACEUTICAL
MANUFACTURING

INTRODUCTION

The purpose of this chapter is to describe the quality attributes and associated tests with
acceptance criteria for enzymatic preparations used in biopharmaceutical manufacturing. The
quality of ancillary materials, including enzymes, used in biopharmaceutical manufacturing can
have an impact on the therapeutic products. Several enzymes are used in this type of cell
processing. Examples include trypsin, collagenase, pepsin, and papain. This chapter does not
discuss applications of these enzymes but rather focuses on tests to assess their quality as
process materials.

C1020H1597N287O321S14       23,463 daltons (for -Trypsin) 
[9002-07-7].

DEFINITION
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Trypsin, a key raw material in biopharmaceutical manufacturing, is a serine protease that
cleaves peptide chains mainly at the carboxyl end of the amino acids arginine and lysine.
Recombinant trypsin is produced by recombinant DNA expression technology in the yeast Pichia
pastoris. The amino acid sequence of recombinant trypsin is identical to that of trypsin from
porcine pancreas. 
Because of the recombinant production process, recombinant trypsin is free of chymotrypsin
activity. The specific activity is NLT 3800 USP Units/mg of protein determined using N-
benzoyl-l-arginine ethyl ester hydrochloride as the substrate or NLT 180 Units/mg of protein
determined using carbobenzoxy-valyl-glycyl-arginine-4-nitril-anilide acetate as the substrate
described in the Assay. Depending on which substrate is used, results for activity can be
converted in the following manner: 1 Unit determined by using carbobenzoxy-valyl-glycyl-
arginine-4-nitril-anilide acetate as the substrate is equivalent to 21 USP Trypsin Units. 

Two active forms of trypsin are known: -trypsin (23,463 daltons) and -trypsin (23,481

daltons). Autolysis of -trypsin at the peptide bond between Arg99 and Val100, Lys125 and
Ser126, or Lys139 and Ala140 results in three possible isoforms of -trypsin. All isoforms are held
together by disulfide bridges and remain correctly folded. As a consequence of hydrolysis of a

peptide bond, the molecular weight of -trypsin is more than that of -trypsin by 18 daltons.

The peak area for -trypsin is NLT 70%, and the peak area for -trypsin is NMT 20% as
determined by the HPLC procedure described in the test for Purity.

IDENTIFICATION
•  A. It meets the requirements in the Assay.

•  B. The retention time of the major peak for -trypsin in the Sample solution corresponds to
that of the Standard solution, as obtained in the test for Purity.

ASSAY
•  Procedure

Buffer:  Dissolve 1.21 g of tris(hydroxymethyl)aminomethane and 0.29 g of calcium chloride
dihydrate in 100 mL of water, and adjust with 2 N hydrochloric acid to a pH of 8.0 (at 25

± 1 ).
Substrate stock solution:  Dissolve 20 mg of carbobenzoxy-valyl-glycyl-arginine-4-nitril-

anilide acetate1 , accurately weighed, in 3.0 mL of water. [Note—Use a freshly prepared
solution only.]

Substrate solution:  Prepare a solution by mixing 28 mL of Buffer and 2.8 mL of Substrate
stock solution. [Note—Use a freshly prepared solution only.]

Standard solutions:  Precool USP rTrypsin RS and water to approximately 4 . Start

preparing Standard solutions immediately when the temperature has reached 4 . Prepare
each Standard solution by diluting USP rTrypsin RS with water at 1:68,921 dilution.
Prepare at least five Standard solutions in parallel. Assay each Standard solution in
duplicate. [Note—Use polystyrene test tubes for preparing Standard solutions and Sample
solutions, and use polyethylene pipet tips to transfer samples. The pipet tip should not be
wet before transfer, and each pipet tip should be used only for transferring one sample.]
[Note—A dilution of 1:68,921 can be achieved by three dilution steps in which each step
has a 1:41 dilution (1:41/1:41/1:41). For example, for the initial dilution withdraw 0.1 mL
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of USP rTrypsin RS using a pipettor with a polyethylene tip, wipe off the outside of the tip
to remove any residual solution, add the Reference Standard to a polystyrene test tube
containing 4.0 mL of precooled water, rinse the tip by pipetting the solution up and down
for 2–3 times, discard the tip, and mix the solution on a vortex mixer for approximately 2 s
with maximum speed. For the second and third dilution steps, proceed as described for the
initial dilution except for transferring 0.1 mL of solution from the previous dilution step.]

Sample solutions:  Prepare at least five Sample solutions of recombinant trypsin in parallel
as directed for the Standard solutions to obtain a final concentration of at least 0.16
Units/mL using precooled water as the diluent. Each Sample solution is assayed in
duplicate.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  405 nm
Pathlength:  1 cm

Temperature:  25
System suitability 

Samples:  Standard solutions and Sample solutions
Suitability requirement:  DA/min (as defined below) should be 0.03–0.07 for Standard

solutions and Sample solutions. The average calculated activity for the Standard
solutions is 90%–110% of the value on the label.

Analysis 
Samples:   Standard solutions and Sample solutions

Transfer 1.10 mL of Substrate solution into a polystyrene semimicro cuvette, allow the
temperature to stabilize, check the cuvette for the specified temperature, and wait for 10
min. Start the reaction by adding 0.020 mL of Standard solution or Sample solution.
Record the absorbance for at least 5 min, and determine the change in absorbance
(DA/min) from the linear range of the reaction. 
Calculate the activity of recombinant trypsin in Units/mL:

Result = [VT/(  × V × B)] × (DA/min) × D

VT= volume of the reaction mixture, 1.12 mL
ε= extinction coefficient for 405 nm, 10.4 (mmol 1·1 cm 1)

V= volume of Standard solution or Sample solution, 0.020 mL
B= absorption pathlength, 1 cm
D= dilution factor
[Note—One Unit will release the equivalent of 1 mmol of 4-nitril aniline from carbobenzoxy-

valyl-glycyl-arginine-4-nitril-anilide acetate per min under the conditions of the Assay.]

Calculate the specific activity of recombinant trypsin in Units/mg of protein:

Result = Activity/C

C= protein concentration of recombinant trypsin (mg/mL)

Acceptance criteria 
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Specific activity:  NLT 180 Units/mg of protein
Relative standard deviation:  NMT 5% for the activities determined from 5 replicates

PURITY
•  Procedure

Solution A:  Dilute 1 mL of phosphoric acid (85%) with water to 1000 mL.
Solution B:  Dilute 1 mL of phosphoric acid (85%) with acetonitrile to 1000 mL.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 75 25
25 55 45
30 10 90
34 10 90
35 75 25
45 75 25

Standard solution:  Thaw 100 µL of USP rTrypsin RS at room temperature for about 1 h,
mix, and transfer to an HPLC vial. The target protein concentration should be 70 ± 10
mg/mL.

Sample solution:  Thaw 100 µL of recombinant trypsin at room temperature for about 1 h,
mix, and transfer to an HPLC vial. The target protein concentration should be 70 ± 10
mg/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 3-µm packing L1 with a 200 Å pore size
Temperatures 

Column:  40

Autosampler:  5
Flow rate:  1.0 mL/min
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for the main peak of recombinant trypsin is 12–17 min.]
Suitability requirements 

Resolution:  NLT 1.0 between the peaks of -trypsin and -trypsin
Analysis 

Sample:  Sample solution 
Record the chromatograms, and measure the peak areas. Evaluate the purity of trypsin
using the area-% method. Time of integration is 25 min. The blank should be considered
for integration. Peaks that elute as a fronting shoulder of -trypsin are integrated by
perpendicular dropping if and only if a minimum is formed. Peaks that elute as a tailing

shoulder of -trypsin are evaluated by tangential integration if and only if a minimum is
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formed.

Acceptance criteria:  NLT 70% for the peak area of -trypsin and NMT 20% for the peak
area of -trypsin

SPECIFIC TESTS
•  Protein Content

4 N hydrochloric acid solution:  Mix 10.4 mL of 25% hydrochloric acid with 9.6 mL of
water.

Storage buffer:  Dissolve 2.9 g of calcium chloride dihydrate in water, add 2.5 mL of 4 N
hydrochloric acid solution, and dilute with water to a final volume of 1000 mL. Adjust with
4 N hydrochloric acid solution to a pH of 2.0 ± 0.2, if necessary.

Sample solutions:  Add 0.025 mL of recombinant trypsin to 3 mL of Storage buffer. Prepare
at least in triplicate.

Blank solution:  Storage buffer, 3 mL
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  280 nm
Pathlength:  1 cm

System suitability 
Sample:  Sample solutions
Suitability requirement:  DA (as defined below) is in the range of 0.13–1.8.

Analysis 
Samples:  Sample solutions and Blank solution

Calculate the protein concentration (mg/mL):

DA = AU  AB

AU = absorbance from the Sample solution
AB = absorbance from the Blank solution
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F = conversion factor from 1% to
mg/mL, 10

= extinction coefficient for trypsin,
13.6

D = dilution factor

•  Microbial Enumeration Tests 61 : The total bacterial count does not exceed 102

cfu/mL, the test being performed on 1 mL of recombinant trypsin in duplicate.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Store in closed containers at 15  to 25 .
•  Labeling: The labeling states that the material is of recombinant DNA origin, along with the

lot number, storage conditions, and expiration date.

•  USP Reference Standards 11
USP rTrypsin RS

1  A suitable carbobenzoxy-valyl-glycyl-arginine-4-nitril-anilide acetate is Chromozym TRY from Roche Applied
Science (catalog number 10378496103) or equivalent. 

BRIEFING

124  Erythropoietin Bioassays. This proposed new general test chapter provides
guidance about the assays used to measure the biological activity of erythropoietin (EPO).
Although different mouse in vivo assays are available for such measurement, the chapter
describes the normocythemic mouse in vivo bioassay that is used to assign the potency of the
EPO International Standard (IS) issued by the World Health Organization (WHO) to which
National Secondary Standards such as the USP standard are calibrated by the same assay. The
use of an in vitro assay to measure the biological activity of EPO is possible but will require a
full understanding of the relationship between its in vivo and in vitro activity. The chapter
provides information about the proper use of the USP Erythropoietin for Bioassay RS (calibrated
in an vivo assay) in the context of in vitro assays.

(BIO1: F. Atouf.)
Correspondence Number—C130137

Comment deadline: November 30, 2013

Add the following:

124  ERYTHROPOIETIN BIOASSAYS

2S (USP37)
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INTRODUCTION

This chapter provides guidance about the use of bioassays to measure the biological activity of
erythropoietin (EPO). Based on a relative potency approach described in general chapter Design

and Development of Biological Assays 1032 , the biological activity of an unknown EPO
preparation typically is determined by comparison to the biological activity of a Reference
Standard (RS). For this purpose, a USP Erythropoietin for Bioassays RS has been developed. 
The USP Erythropoietin for Bioassays RS has been calibrated against the World Health
Organization (WHO) International Standard for EPO using both the normocythemic mouse
bioassay and the exhypoxic polycythemic mouse bioassay. Accordingly, the USP Erythropoietin
for Bioassays RS has an assigned unitage in terms of International Units (IU) of EPO as defined
by WHO. Of these two in vivo bioassays, the normocythemic mouse bioassay is less
cumbersome and is more widely used for the determination of EPO potency. The assay is based
on the measurement of EPO-stimulated reticulocyte maturation. Because the USP
Erythropoietin for Bioassays RS has been calibrated against the WHO International Standard for
EPO by in vivo bioassay, it can be used directly in the normocythemic mouse bioassay for the
calibration of any process-specific EPO preparation. 
However, if the intent is to use a validated in vitro bioassay to transfer the unitage from the
USP Erythropoietin for Bioassays RS to a process-specific EPO preparation, then it is necessary
to demonstrate that the USP Erythropoietin for Bioassays RS and the process-specific EPO
preparation exhibit an equivalent ratio of in vitro to in vivo potency. This is because the
biological activity of EPO shows a complex relationship between structure and function. In
particular, the ratio of in vitro to in vivo activity is inversely correlated with type and degree of
terminal sialylation. Highly sialylated products have a higher level of in vivo activity; thus, they
have a relatively lower ratio of in vitro to in vivo activity. Because of differences in the
manufacturing processes used in the preparation of EPO, the type and degree of terminal
sialylation can be variable from one EPO preparation to another, including EPO preparations
used as Reference Standards. As a result, the use of an in vitro assay to measure the biological
activity of an EPO preparation requires a full understanding of the relationship between EPO's in
vivo and in vitro activity. This understanding is best achieved by comparing the test EPO
preparation with the USP Erythropoietin for Bioassays RS in both the in vivo assay and in a
specific in vitro assay. 
The USP Erythropoietin for Bioassays RS is assigned a unitage that represents its activity in
both in vivo assays and in vitro assays. If the ratios of in vitro to in vivo potency for the
material being tested and the USP Erythropoietin for Bioassays RS are equivalent, then the USP
Erythropoietin for Bioassays RS can be used directly in the in vitro assay to calibrate the
material being tested. However, if these ratios are not equivalent, then the material being
tested and the USP Erythropoietin for Bioassays RS have a different ratio of in vitro to in vivo
potency, and the standard cannot be used with its assigned in vivo potency in the in vitro
assay. Instead, the ratio determined for the material being tested should be used to assign a
process-specific in vitro assay unitage to the USP Erythropoietin for Bioassays RS. The USP
Erythropoietin for Bioassays RS, with its adjusted in vitro assay unitage, then can be used in
the in vitro assay to transfer the unitage from the USP Erythropoietin for Bioassays RS to the
material being tested.

NORMOCYTHEMIC MICE ASSAY
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Solutions

Solution A: Phosphate-albumin buffered saline pH 7.2

Standard solution 1: Dissolve USP Erythropoietin for Bioassays RS in Solution A to a
concentration of 80 IU/mL.

Standard solution 2: Mix equal volumes of Solution A and Standard solution 1.

Standard solution 3: Mix equal volumes of Solution A and Standard solution 2.

Sample solution 1: Prepare the sample to be tested in Solution A to a concentration of 80
IU/mL.

Sample solution 2: Mix equal volumes of Solution A and Sample solution 1.

Sample solution 3: Mix equal volumes of Solution A and Sample solution 2.

The exact concentrations of the Standard solutions and Sample solutions may require
adjustment based on the response range in the animals used.

Preparation of animals: At the beginning of the assay procedure, randomly distribute mice of
a suitable age and strain (8-week-old B6D2F1 mice are suitable) into six cages. A minimum of
eight mice per cage is recommended. Inject each animal subcutaneously with 0.5 mL of the
appropriate treatment (one solution per cage), and put the animal in a new cage. Combine the
mice in such a way that each cage housing the treated mice contains one mouse out of the six
different treatments (three Standard solutions and three Sample solutions; six mice per cage).

Analysis: Four days after the injections, collect blood samples from the animals, and determine
the number of reticulocytes by using a suitable procedure. The following method can be
employed. 
The volume of blood, dilution procedure, and fluorescent reagent may require modification to
ensure maximum development and stability of fluorescence. 
For concentrated colorant solution, use a solution of thiazole orange suitable for the
determination of reticulocytes. Prepare at a concentration twice that necessary for the
analysis. 
Proceed with the following dilution steps. Dilute whole blood 500-fold in the buffer used to
prepare the colorant solution. Dilute this solution two-fold in the concentrated colorant
solution. After staining for 3–10 min, determine the reticulocyte count microfluorometrically in a
flow cytometer. The percentage of reticulocytes is determined using a biparametric histogram:
number of cells/red fluorescence (620 nm). 
Calculate the potency by the usual statistical methods for a parallel-line assay. For additional

information, see general chapter Analysis of Biological Assays 1034 .

Acceptance criteria: The activity of each Sample solution is compared with that of the USP
Erythropoietin for Bioassays RS and is expressed in IU. The confidence limits of the estimated
potency (P = 0.95) are NLT 64% and NMT 156% of potency as determined by the method given
above. The estimated potency is NLT 80% and NMT 125% of the stated potency.

BRIEFING

2S (USP37)
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126  Somatropin Bioidentity Tests. This new general test chapter contains two options for
manufacturers to test the bioidentity of their somatropin material. One option is the
currently official in vivo bioidentity test that measures weight gain in rats; a second option
is now offered and uses an in vitro cell-based procedure. In the future, USP plans to omit
the rat method completely after manufacturers have been able to demonstrate that the
cell-based method is appropriate for all their somatropin products. This is part of USP's
ongoing effort to phase out animal-based assays in favor of modern in vitro testing.

(GCBA: M. Kibbey.)
Correspondence Number—C126045

Comment deadline: November 30, 2013

Add the following:

126  SOMATROPIN BIOIDENTITY TESTS

Somatropin is a protein hormone that contains the same amino acid sequence as the human
growth hormone produced by the pituitary gland. A robust and precise physicochemical
chromatographic procedure is used in the Assay to assign potency on a mass basis. Bioidentity
is still required, and two procedure options are presented here: an in vivo bioassay procedure
based on somatropin-induced weight gain in rats and a more precise, rat cell line–based
approach that measures production of ATP as a direct indicator of cell growth. [Note—The
bioidentity test may be performed either on the somatropin bulk drug substance or on the drug
product.]

PROCEDURE
•  In Vivo Bioidentity Test

Buffer solution:  0.1 M ammonium bicarbonate. Adjust with sodium hydroxide to a pH of
8.0.

Standard solutions:  10–100 µg/mL of USP Somatropin RS in Buffer solution
Sample solutions:  10–100 µg/mL of Somatropin in Buffer solution. [Note—Do not agitate

while mixing; swirl gently.]
Control:  Buffer solution
Test animals:  Select an appropriate number of only female or only male Sprague Dawley

rats hypophysectomized at 25–30 days of age. After hypophysectomization, feed the rats
on rat chow and 5% dextrose water for at least 72 h. After 72 h, feed the rats on rat
chow and filtered and deionized water adjusted with 1 N hydrochloric acid to a pH of 3.0 ±
0.25. Weigh the rats when they are 37–44 days old, and retain only healthy rats. Reweigh
the remaining rats 7 days later, and use only those rats that are in good health and have
not gained or lost more than 10% of their body weight in the previous 7-day period.

Analysis:  Randomly divide the rats into control, standard, and test groups, each group
containing approximately 10 rats. Each day for 10 days inject subcutaneously 0.1 mL of
the Control, Standard solutions, and Sample solutions to the control, standard, and test
groups, respectively. Record the body weight of each animal at the start of the test and
at approximately 18 h after the 10th injection.

Calculations:  Determine the change in body weight for each rat during the 10-day period,
and compute the potency of the Sample solution relative to that of the Standard solution
using appropriate statistical analysis. Calculate the mean potency in USP Somatropin

PF 39(5): Sep.-Oct. 2013 44



Units/mg and, using appropriate statistical methods, calculate the width, L, of a 95%
confidence interval for the estimated base 10 logarithm of the relative potency. If L is
more than 0.40, repeat the test until the results from two or more tests, combined by
appropriate statistical methods, produce an L of NMT 0.40, corresponding to confidence
limits of 63%–158% of the calculated potency.

Acceptance criteria:  NLT 2 USP Somatropin Units/mg when L is NMT 0.40
•  In Vitro Cell-Based Bioidentity Test

Medium A:  Fischer's medium1 containing 10% heat-inactivated fetal bovine serum,2 10%
heat-inactivated horse serum,3 1% sodium bicarbonate, and 0.05 mM 2-mercaptoethanol.

Filter sterilize. [Note—Store for up to 2 weeks at 2 –8 .]
Medium B:  Fischer's medium containing 1% horse serum, 1% sodium bicarbonate, and 0.05

mM 2-mercaptoethanol. Filter sterilize. [Note—Store for up to 2 weeks at 2 –8 .]
Phosphate buffered saline:4  Calcium- and magnesium-free phosphate buffered saline

containing 1.5 mM monobasic potassium phosphate, 155 mM sodium chloride, and 3 mM
dibasic sodium phosphate, pH 7.2–7.4

Cell culture preparation:  Prepare cell suspension cultures of Nb2-115 cells in Medium A in

a humidified incubator at 37  and containing 5% carbon dioxide . Cells should be passaged
twice/week and reseeded at a density of 1 × 105 cells/mL for 2 days, 2 × 104 cells/mL for
3 days, and 1 × 104 cells/mL for 4 days in Medium A. [Note—Seeding densities may need
adaptation when analysts qualify new lots of fetal bovine serum and horse serum.] On the
day of an assay, cells are harvested from flasks and are pelleted by centrifugation for 7
min at about 218 × g. The supernatant is discarded, and the cells are washed twice with
Phosphate buffered saline followed by centrifugation. The cells are resuspended in Medium
B and are counted, and the cell concentration is adjusted to 1 × 105 cells/mL with
Medium B. Except for the wells of the first column, transfer 50 µL of cell suspension into
each well of a 96-well black tissue culture plate with a clear bottom.6 Pipet 50 µL of
Medium B into each well of the first column of the plate. [Note—Cover the plate, and

incubate at 37  for up to 1 h while preparing the Standard solutions and Test solutions.]
Standard solutions:  Reconstitute USP Somatropin RS in 1 mL of Phosphate buffered saline,

and then dilute this material further with Medium B to a concentration of 2.0 ng/mL. [Note
—Use polypropylene test tubes to make dilutions. For each plate approximately 1 mL of
this solution is needed. Do not use single step dilutions of more than 1:100 or smaller
transfer volumes than 40 µL.]

Test solutions:  For each test solution two results must be obtained by two independent
preparations of somatropin. Reconstitute two independent preparations of somatropin in
Water for Injection to a concentration of 5 mg/mL. Prepare test solutions by diluting this
material further with Medium B to a concentration of 2.0 ng/mL. [Note—Use polypropylene
test tubes to make dilutions. For each plate approximately 1 mL of this solution is needed.
Do not use single step dilutions of more than 1:100 or smaller transfer volumes than 40
µL.] One preparation is Test solution A, and the other preparation is Test solution B.

Positive control solution:  Starting with the stock concentration of 5 mg/mL of USP
Somatropin RS reconstituted in Water for Injection, dilute with Medium B to a
concentration of 20 ng/mL. [Note—Use polypropylene test tubes to make dilutions. Do not
use single step dilutions of more than 1:100 or smaller transfer volumes than 40 µL.]

Procedure:  Dispense 100 µL of Medium B into each well of a U-bottom, clear 96-well
plate,7 except those wells in column 12 (wells A12–H12 = positive control) and wells A2–
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A10. [Note—For each black plate seeded with cells as described in Cell culture
preparation, one separate U-bottom plate is used for preparation of the Standard solution
and Test solution dilutions.] Next, dispense 200 µL of 2.0 ng/mL Standard solution into
wells A3, A6, and A9 of the dilution plate. Dispense 200 µL of 2.0 ng/mL Test solution A
into wells A2, A5, and A8 of the dilution plate. Dispense 200 µL of 2.0 ng/mL Test solution
B into wells A4, A7, and A10 of the dilution plate. Dispense 100 µL of 20 ng/mL Positive
control solution into the last plate column (wells A12–H12) of the dilution plate. Using a
12-channel pipet, perform serial two-fold dilutions on the plate by aspirating 100 µL from
the first row (A2–A10), transfer to the second row, and mix three times. Then aspirate
100 µL from the second row, transfer to the third row, and mix three times, etc. Repeat
this procedure across the whole plate up to row H. Discard the 100 µL aspirated from the
last row. [Note—The wells of column 11 (wells A11–H11) are negative controls containing
100 µL of Medium B; the wells of column 1 (wells A1–H1) are blanks.] 
Starting with the lowest concentration and using a 12-channel pipet, transfer 50 µL of
each solution in the dilution plate to the respective well of the black plate containing the
cells. [Note—During the transfer, immerse the pipet tips into the cell solution. This
transfer yields an additional 1:2 dilution of somatropin, or a final concentration of 1.0
ng/mL for the highest dose added to the cells and 10 ng/mL for the Positive control
solution. A plate layout is shown in Table 1.] Following all transfers, gently agitate the

black plate for 30 s, and then incubate it in a humidified 37  incubator containing 5%
carbon dioxide for 30 ± 2 h. Next, add 100 µL of reconstituted luminescent substrate
solution8 to all wells. Incubate the plates for 15 min at room temperature while gently
agitating the plates on an appropriate plate shaker, protected from light. Incubate the
plates for an additional 15 min at room temperature without shaking, protected from light.
Read the luminescence from the plate wells in a suitable plate reader with a luminescence
detection mode.

Table 1. Schematic Representation of the Final Assay Plate

 1 2 3 4 5 6 7 8 9 10 11 12

A BL A,#1 St,#1 B,#1 A,#1 St,#1 B,#1 A,#1 St,#1 B,#1 NEG POS
B BL A,#2 St,#2 B,#2 A,#2 St,#2 B,#2 A,#2 St,#2 B,#2 NEG POS
C BL A,#3 St,#3 B,#3 A,#3 St,#3 B,#3 A,#3 St,#3 B,#3 NEG POS
D BL A,#4 St,#4 B,#4 A,#4 St,#4 B,#4 A,#4 St,#4 B,#4 NEG POS
E BL A,#5 St,#5 B,#5 A,#5 St,#5 B,#5 A,#5 St,#5 B,#5 NEG POS
F BL A,#6 St,#6 B,#6 A,#6 St,#6 B,#6 A,#6 St,#6 B,#6 NEG POS
G BL A,#7 St,#7 B,#7 A,#7 St,#7 B,#7 A,#7 St,#7 B,#7 NEG POS
H BL A,#8 St,#8 B,#8 A,#8 St,#8 B,#8 A,#8 St,#8 B,#8 NEG POS

LEGEND:

BL = Blank: no Somatropin, no cells. 
A = Dilution series of Test solution A (with 1.0 ng/mL as starting concentration). 
St = Dilution series of Standard solution (with 1.0 ng/mL as starting concentration). 
B = Dilution series of Test solution B (with 1.0 ng/mL as starting concentration). 
NEG = Negative control: no Somatropin, but cells are present. 
POS = Positive control solution: maximum Somatropin concentration (10 ng/mL).

Calculations:  A minimum of two independent Test solution preparations must be used for
each test sample. The Test solutions and Standard solutions are normalized by protein
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content before calculation of the relative potency. [Note—One mg of anhydrous
somatropin is equivalent to 3.0 USP Somatropin Units.] Technical outliers (but NMT
4/curve) are omitted, and then the same number of Standard solution and Test solution
dose responses, including the 50% response (EC50) of the standard/test sample within
this range, are used to calculate the relative potency of each somatropin sample using
statistical methods for parallel-line analysis. For each individual Test solution compared to
the Standard solution, the statistical tests for linearity, slope, and parallelism must pass
at the 95% level. The confidence limit for each calculated relative potency must be within
75%–133%. The relative potency of a Test solution must be within the validated assay
range (50%–200% relative potency) of the Standard solutions. The unweighted mean log
relative potency is calculated from valid individual samples, and the potency is then
calculated in USP Units/mg relative to the USP Somatropin RS.

System suitability criteria:  The signal-to-noise ratio of the mean chemiluminescence
signal of the Positive control solution to the mean chemiluminescence signal of the
negative control wells must be NLT 3. NMT 4 technical outliers may be omitted per
standard curve. Any plate that fails one or more of these criteria is rejected and must be
repeated.

Acceptance criteria:  NLT 2 USP Somatropin Units/mg

1  Quality Biological, catalog #112-032-101, or equivalent.

2  Gibco, catalog #10082-147, or equivalent.

3  Gibco, catalog #26050-088, or equivalent.

4  Amimed catalog #8-05F29I, Gibco catalog #20012-019, or equivalent.

5  HPA Culture Collections or Sigma-Aldrich catalog #97041101.

6  Costar catalog #3904, or equivalent.

7  Greiner #650 160 plate or equivalent.

8  CellTiterGlo-Luminescence Kit, e.g., Promega #G7573, or equivalent.

BRIEFING

165 Prekallikrein Activator. This proposed new general chapter provides a single procedure
for determining the amount of prekallikrein activator (PKA) in albumin and immunoglobulin
prepared from human plasma.

(BIO2: K. Carrick.)
Correspondence Number—C126811

Comment deadline: November 30, 2013

Add the following:

165 Prekallikrein Activator

DEFINITION

Prekallikrein activator (PKA), also known as Factor XIIa, activates prekallikrein to kallikrein.
Activated kallikrein cleaves kininogens into kinins (e.g., bradykinin) that can result in a loss of
blood pressure. PKA is assayed by its ability to activate prekallikrein, which once activated
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cleaves a synthetic peptide substrate and releases a chromophore that can be measured
spectrophotometrically. The amount of PKA is determined by comparison with reference
standard material. The procedure presented in this chapter traditionally has been used to
determine the amount of PKA in human plasma derivatives such as albumin and immunoglobulin
preparations. 
Some immunoglobulin preparations may contain kallikrein or kallikrein-like activity in the absence
of the added prekallikrein substrate, resulting in turnover of the synthetic peptide substrate. If
present, this kallikrein or kallikrein-like activity requires consideration when analysts verify the
assay for suitability under the conditions of use. Some questions to consider when verifying the
assay for suitability under the conditions of use include:

Are sample matrix effects observed?
Is the appropriate statistical model used for data analysis?
Is an endpoint analysis sufficient, or is a kinetic analysis needed?

(For informational purposes only, refer to sections 2, 4, and 5 of Design and Development of

Biological Assays 1032  when considering assay fitness for use.)

ASSAY
•  Prekallikrein Assay

Buffer A:  Prepare a solution of 0.05 M tris(hydroxymethyl)aminomethane and 0.15 M sodium
chloride. Adjust with 2 N hydrochloric acid to a pH of 7.95–8.05.

Buffer B:  Prepare a solution of 1.0 M TRIS. Adjust with 2 N hydrochloric acid to a pH of
7.95–8.05.

Solution A:  Prepare a solution of 0.33 N hydrochloric acid.
Solution B:  Prepare a solution of 0.33 N sodium hydroxide.
Solution C:  Prepare a solution of 50% acetic acid.
Chromogenic substrate solution:  Prepare a solution of a suitable Chromogenic Substrate

for Amidolytic Test (see Reagent Specifications in Reagents, Indicators, and Solutions)
specific for kallikrein in Buffer A to obtain a solution having a concentration of about 1.2
mM.

Prekallikrein substrate:  (See Reagent Specifications in Reagents, Indicators, and
Solutions.) Test the Prekallikrein substrate for the absence of kallikrein activity by mixing

1 part with 20 parts of the Chromogenic substrate solution prewarmed at 37 , and

incubate at 37  for 2 min. The substrate is suitable if the increase in absorbance at 405
nm is less than 0.001/min. [Note—To remove proteinase inhibitor contamination from the
Prekallikrein substrate, acid treatment of the prekallikrein should be performed individually

on each sample before use.] If frozen, thaw Prekallikrein substrate at 35 –39 . Add 2.0

mL of Solution A to 4 mL of Prekallikrein substrate, and incubate for 15 min at 23 –25 .
Bring pH back to neutrality with 2.0 mL of Solution B. Add 200 µL of Buffer B, and store at
room temperature for NMT 4 h.

Standard solutions:  Dissolve the contents of a vial of USP Prekallikrein Activator RS in 0.5
mL of water. Dilute USP Prekallikrein Activator RS with Buffer A (1:5). Make five evenly
spaced Standard solutions between 0 and 8.5 IU/mL for the Sample solution.

Sample solution:  Dilute sample appropriately to fall within the range of the standard
dilutions with Buffer A performing at minimum (1:1).

System suitability 
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Samples:  Buffer A and Standard solutions
Suitability requirements 

Assay range:  If the absorbance value of a sample is higher than the highest value of
the standard curve, dilute the sample with Buffer A and repeat the Assay. If the
absorbance of a sample is lower than the Assay limit of detection, the activity should
be reported as less than the limit of detection.

Correlation coefficient:  NLT 0.99
Analysis 

Samples:  Buffer A, Standard solutions, and Sample solution
[Note—This procedure also can be performed using alternative platforms. Care must be

taken to minimize the time between the addition of Prekallikrein substrate to the Standard
solutions and the Sample solution because some degradation of the Prekallikrein substrate
can occur with time when thawed.]

To four separate individual wells of a suitable microtiter plate transfer 25 µL of either the
Standard solutions or the Sample solution. Incubate the microtiter plate for 2–3 min at 35

–39 . Start to prewarm Buffer A, the Prekallikrein substrate, and the Chromogenic

substrate solution at 35 –39 . For each standard solution and sample solution, in two of
the four wells add 100-µL Buffer A, to the other two wells add 100-µL prewarmed

Prekallikrein substrate, and incubate at 35 –39  for 10 min. Add 125 µL of prewarmed
Chromogenic substrate solution to all wells in the same order as the Buffer A and

Prekallikrein substrate addition, and incubate at 35 –39  for 20 min. Stop the reactions
with 50 µL of Solution C, and mix well. Read absorbance of each well of the plate at 405
nm within 2 h. Subtract the average A405 of the two wells containing Buffer A for each
sample solution and standard solution to give the corrected A405 values. Using the least-
squares method of linear regression, generate a standard curve from the activities of the
Standard solutions (IU/mL) and their corresponding corrected absorbance values.
Calculate prekallikrein activities of samples from the calibration curve of the standards. To
obtain the corrected activity in IU/mL, multiply each activity by the sample's dilution
factor.

ADDITIONAL REQUIREMENTS

•  USP Reference Standards 11
USP Prekallikrein Activator RS

BRIEFING

441  Niacin or Niacinamide Assay, USP 36 page 191. As part of the USP monograph
modernization effort, the following changes are proposed:

1. Delete the Microbiological Method. It is outdated and no longer referenced by the
monographs.

2. Apply the redesigned format to the entire chapter where applicable.
3. Consolidate all the existing chromatographic procedures in the various monographs

by migrating them to 441 , which will serve as a center for cross-references for all
Niacin or Niacinamide procedures described in the individual monographs.
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(DS: H. Dinh.)
Correspondence Number—C130882

Comment deadline: November 30, 2013

441  NIACIN OR NIACINAMIDE ASSAY

USP Reference Standards 11  
USP Niacin RS 
USP Niacinamide RS
Note—The previously dried Reference Standards may be stored in a desiccator over silica gel,
protected from light.

Change to read:

CHEMICAL METHOD

The following photometric procedure involves the colorimetric reaction of niacin or niacinamide
with cyanogen bromide in the presence of sulfanilic acid. It can be used for the determination
of niacin or niacinamide in the monographs such as Niacin Injection, Niacinamide Injection, and
Niacinamide Tablets.
[Note—Determine from the labeling if the vitamin in the assay specimen is niacin or niacinamide,
and use the corresponding standard preparation (either Standard niacin preparation or
Standard niacinamide preparation) as directed in the Procedure.]

Cyanogen bromide solution: Dissolve 5 g of cyanogen bromide in water to make 50 mL.
[Caution—Prepare this solution under a hood, as cyanogen bromide volatilizes at room
temperature, and the vapor is highly irritating and poisonous.]

Sulfanilic acid solution: To 2.5 g of sulfanilic acid add 15 mL of water and 3 mL of 6 N
ammonium hydroxide. Mix, and add while stirring, more 6 N ammonium hydroxide, if necessary,
until the acid dissolves. Adjust the solution with 3 N hydrochloric acid to a pH of about 4.5
using bromocresol green TS as an external indicator, and dilute with water to 25 mL.

Standard niacin stock solution: Transfer 25.0 mg of USP Niacin RS to a 500-mL volumetric
flask, dissolve in alcohol solution (1 in 4), dilute with alcohol solution (1 in 4) to volume, and
mix. Store in a refrigerator. Each mL of this solution contains 50 µg of USP Niacin RS.

Standard niacin preparation: Transfer 10.0 mL of Standard niacin stock solution to a 100-mL
volumetric flask, dilute with water to volume, and mix. Each mL of this solution contains 5 µg of
USP Niacin RS.

Standard niacinamide stock solution: Transfer 50.0 mg of USP Niacinamide RS to a 500-mL
volumetric flask, dissolve in alcohol solution (1 in 4), dilute with alcohol solution (1 in 4) to
volume, and mix. Store in a refrigerator. Each mL of this solution contains 100 µg of USP
Niacinamide RS.

Standard niacinamide preparation: Transfer 10.0 mL of Standard niacinamide stock solution
to a 100-mL volumetric flask, dilute with water to volume, and mix. Each mL of this solution
contains 10 µg of USP Niacinamide RS.

Assay preparation: Prepare as directed in the individual monograph.
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Procedure: Pipet into four marked tubes the quantities of the appropriate Standard
Preparation, Assay Preparation, ammonia dilution, and water indicated in Table 1. Then add the
other constituents, respectively, as listed in the table, according to the directions given herein.

Table 1. Reaction Mixtures for Niacin or Niacinamide Assay—Chemical Method

Constituent
Tube 1
(mL)

Tube 2
(mL)

Tube 3
(mL)

Tube 4
(mL)

Standard preparation 1.0 1.0 — —
Assay preparation — — 1.0 1.0
Ammonia dilution (ammonium hydroxide,
diluted to 1 in 50) 0.5 0.5 0.5 0.5
Water 6.5 1.5 6.5 1.5
Cyanogen bromide solution — 5.0 — 5.0
Sulfanilic acid solution 2.0 2.0 2.0 2.0
Hydrochloric acid 1 drop — 1 drop —

To Tube 1 add the Sulfanilic acid solution, shake well, and add the Hydrochloric acid. Mix, place
in a suitable spectrophotometer, and adjust to zero absorbance at 450 nm. To Tube 2 add the
Cyanogen bromide solution, mix, and 30 s accurately timed after completion of the addition of
the cyanogen bromide, add the Sulfanilic acid solution, with swirling. Close the tube, place it in
the spectrophotometer, and after 2 min measure its absorbance at 450 nm against Tube 1 as a
blank, designating the absorbance as AS. Repeat the procedure with Tubes 3 (as blank) and 4,
designating the absorbance of Tube 4 as AU. Calculate the quantity of niacin or niacinamide in
the sample as directed in the individual monograph.

Delete the following:

Microbiological Method

Test Solution of Material to be Assayed—Place the prescribed amount of the material to be
assayed in a flask of suitable size, and proceed by one of the methods given below. The
concentrations of the sulfuric acid and sodium hydroxide solutions used are not stated in each
instance because these concentrations may be varied depending upon the amount of material
taken for assay, volume of test solution, and buffering effect of material. 
(a) For Dry or Semidry Materials that Contain No Appreciable Amount of Basic Substances—
Add a volume of dilute sulfuric acid (1 in 35) equal, in mL, to not less than 10 times the dry
weight of the material, in g, but the resulting solution shall contain not more than 5.0 mg of
niacin in each mL. If the material is not readily soluble, comminute it so that it may be evenly
dispersed in the liquid, then agitate vigorously, and wash down the sides of the flask with dilute
sulfuric acid (1 in 35). 

Heat the mixture in an autoclave at 121  to 123  for 30 minutes, and cool. If lumping occurs,
agitate the mixture until the particles are evenly dispersed. Adjust the mixture with sodium
hydroxide solution to a pH of 6.8, dilute with water to make a final measured volume that has a
concentration of niacin equivalent to that of Standard Niacin Solution, and filter. 
(b) For Dry or Semidry Materials that Contain Appreciable Amounts of Basic Substances—Add
sufficient sulfuric acid solution to bring the pH of the mixture to between 5.0 and 6.0. Add such
an amount of water that the total volume of liquid shall be equal in mL to not less than ten
times the dry weight of the assay specimen, in g, but the resulting solution shall contain not
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more than 5.0 mg of niacin in each mL. Then add the equivalent of 10 mL of dilute sulfuric acid
(2 in 7) for each 100 mL of liquid, and proceed as directed under (a), beginning with the second
paragraph. 
(c) For Liquid Materials—Adjust the material with either sulfuric acid solution or sodium
hydroxide solution to a pH of 5.0 to 6.0. Add such an amount of water that the total volume of
liquid shall be equal, in mL, to not less than 10 times the volume of the specimen, in mL, but
the resulting solution shall contain not more than 5.0 mg of niacin in each mL. Then add the
equivalent of 10 mL of dilute sulfuric acid (2 in 7) for each mL of liquid, and proceed as directed
under (a), beginning with the second paragraph.

Standard Niacin Stock Solution I—Transfer 50.0 mg of USP Niacin RS to a 500-mL volumetric
flask, dissolve in alcohol, dilute with alcohol to volume, and mix. Store in a refrigerator. Each mL
of this solution contains 100 µg of USP Niacin RS.

Standard Niacin Stock Solution II—To 100.0 mL of Standard Niacin Stock Solution I add
water to make 1000.0 mL. Store under toluene in a refrigerator. Each mL of this solution
contains 10 µg of USP Niacin RS.

Standard Niacin Solution—Dilute a suitable volume of Standard Niacin Stock Solution II with
water to such a measured volume so that after incubation as described in the Assay Procedure
the transmittance of the 5.0-mL level of Standard Niacin Solution is equivalent to that of a
dried cell weight of not less than 1.25 mg, when the inoculated blank is set at 100 percent
transmittance. This concentration is usually between 10 ng and 40 ng of niacin per mL. Prepare
a fresh Standard Niacin Solution for each assay.

Basal Medium Stock Solution—

Acid-hydrolyzed Casein Solution 25 mL
Cystine–Tryptophan Solution 25 mL
Dextrose Anhydrous 10 g
Sodium Acetate Anhydrous 5 g
Adenine–Guanine–Uracil Solution 5 mL
Riboflavin–Thiamine Hydrochloride–Biotin 
Solution 5 mL
Aminobenzoic Acid–Calcium Pantothenate–Pyridoxine Hydrochloride Solution 5 mL
Salt Solution A 5 mL
Salt Solution B 5 mL

Dissolve the anhydrous dextrose and sodium acetate in the solutions previously mixed, and
adjust with 1 N sodium hydroxide to a pH of 6.8. Finally, add water to make 250 mL.

Acid-Hydrolyzed Casein Solution—Mix 100 g of vitamin-free casein with 500 mL of constant-
boiling hydrochloric acid [approximately 20 percent (w/w) HCl], and reflux the mixture for 24
hours. Remove the hydrochloric acid from the mixture by distillation under reduced pressure
until a thick paste remains. Redissolve the resulting paste in water, adjust the solution with 1 N
sodium hydroxide to a pH of 3.5 (±0.1), and add water to make 1000 mL. Add 20 g of activated
charcoal, stir for 1 hour, and filter. Repeat the treatment with activated charcoal if the filtrate
does not appear straw-colored to colorless. Store under toluene in a refrigerator. Filter the
solution if a precipitate forms upon storage.
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Cystine–Tryptophan Solution—Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or 2.0 g

of dl-tryptophan) in 700 to 800 mL of water, heat to 70  to 80 , and add the 20 percent (w/w)
hydrochloric acid, dropwise, with stirring, until the solids are dissolved. Cool, and add water to

make 1000 mL. Store under toluene in a refrigerator at a temperature not below 10 .

Adenine–Guanine–Uracil Solution—Dissolve 100 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 5.0 mL of the 20 percent (w/w) hydrochloric
acid, cool, and add water to make 100 mL. Store under toluene in a refrigerator.

Riboflavin–Thiamine Hydrochloride–Biotin Solution—Prepare a solution containing, in each
mL, 20 µg of riboflavin, 10 µg of thiamine hydrochloride, and 0.04 µg of biotin by dissolving
crystalline riboflavin, crystalline thiamine hydrochloride, and crystalline biotin (free acid) in
dilute glacial acetic acid (1 in 850). Store, protected from light, under toluene in a refrigerator.

Aminobenzoic Acid–Calcium Pantothenate–Pyridoxine Hydrochloride Solution—Prepare a
solution of neutral 25 percent alcohol having a concentration of 10 µg of aminobenzoic acid, 20
µg of calcium pantothenate, and 40 µg of pyridoxine hydrochloride per mL. Store in a
refrigerator.

Salt Solution A—Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and store
under toluene.

Salt Solution B—Dissolve 10 g of magnesium sulfate, 500 mg of sodium chloride, 500 mg of
ferrous sulfate, and 500 mg of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and store under toluene.

Stock Culture of Lactobacillus plantarum—Dissolve 2.0 g of water-soluble yeast extract in
100 mL of water, add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and
1.5 g of agar, and heat the mixture with stirring, on a steam bath, until the agar dissolves. Add
approximately 10-mL portions of the hot solution to test tubes, plug the tubes with cotton,

sterilize for 15 minutes in an autoclave at 121  to 123 , and allow the tubes to cool in an
upright position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum,* incubating for 16 to 24 hours at any selected temperature between

30  and 37 , but held constant to within ± 0.5 , and finally store in a refrigerator. Prepare a
fresh stab of the stock culture every week, and do not use for inoculum if the culture is more
than 1 week old.

Culture Medium—To each of a series of test tubes containing 5.0 mL of the Basal Medium
Stock Solution add 5.0 mL of water containing 1.0 µg of niacin. Plug the tubes with cotton,

sterilize for 15 minutes in an autoclave at 121  to 123 , and cool.

Inoculum—Make a transfer of cells from the stock culture of Lactobacillus plantarum to a
sterile tube containing 10 mL of culture medium. Incubate this culture for 16 to 24 hours at any

selected temperature between 30  and 37 , but held constant to within ± 0.5 . The cell
suspension so obtained is the inoculum.

Calibration of Spectrophotometer—Add aseptically 1 mL of Inoculum to approximately 300
mL of Culture Medium containing 1 mL of Standard Niacin Solution. Incubate the inoculated
medium for the same period and at the same temperature to be employed in the Assay
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Procedure. 
Following the incubation period, centrifuge and wash the cells three times with approximately
50-mL portions of saline TS, and then resuspend the cells in about 25 mL of the saline solution.
Dry to constant weight a 10-mL portion, accurately measured, using a steam bath and

completing the drying in vacuum at 100 , and calculate the dry weight of the cells, in mg per
mL, corrected for the amount of sodium chloride present. 
Dilute a second portion, accurately measured, of the saline cell suspension with the saline
solution so that each mL contains a known quantity of cells equivalent to 500 µg on a dried
basis. To test tubes add, in triplicate, 0.5 mL, 1.0 mL, 1.5 mL, 2.0 mL, 2.5 mL, 3.0 mL, 4.0 mL,
and 5.0 mL, respectively, of this diluted cell suspension and 5.0 mL of Basal Medium Stock
Solution, and make the volume in each tube to 10.0 mL with saline solution. Using as the blanks
three similar tubes containing no cell suspension, measure the light transmittance of each tube
under the same conditions to be employed in the assay. Plot the observations as the ordinate
on cross-section paper against the cell content, expressed as mg of dry weight, as the
abscissa. 
Repeat this procedure at least twice for the spectrophotometer to be used in the assay. Draw
the composite curve best representing the three or more individual curves relating
transmittance to cell density for the spectrophotometer under the conditions of the assay.

Assay Procedure—Prepare standard niacin tubes as follows. To test tubes add, in duplicate,
0.0 mL, 0.5 mL, 1.0 mL, 1.5 mL, 2.0 mL, 2.5 mL, 3.0 mL, 3.5 mL, 4.0 mL, 4.5 mL, and 5.0 mL,
respectively, of Standard Niacin Solution. To each tube add 5.0 mL of Basal Medium Stock
Solution and water to make 10.0 mL. 
Prepare tubes containing the material to be assayed as follows. To test tubes add, in duplicate,
1.0 mL, 2.0 mL, 3.0 mL, and 4.0 mL, respectively, of the test solution of the material to be
assayed. To each tube add 5.0 mL of Basal Medium Stock Solution and water to make 10.0 mL.
After mixing, plug the tubes with cotton or cover with caps, and sterilize in an autoclave at 121

 to 123 . (Overheating the assay tubes may produce unsatisfactory results.) Cool, aseptically
inoculate each tube with 1 drop of Inoculum, and incubate for 16 to 24 hours at any selected

temperature between 30  and 37 , but held constant to within ± 0.5 . Contamination of the
assay tubes with any foreign organism invalidates the assay. 
Determine the transmittance of the tubes in the following manner. Mix the contents of each
tube, to which 1 drop of a suitable antifoam agent solution may be added, and transfer to an
optical container. After agitating its contents, place the container in a spectrophotometer that
has been set at a specific wavelength between 540 nm and 660 nm, and read the
transmittance when a steady state is reached. This steady state is observed a few seconds
after agitation when the reading remains constant for 30 seconds or more. Allow approximately
the same time interval for the reading on each tube. 
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of the
inoculated blank. If this transmittance reading corresponds to a dried cell weight greater than
600 µg per tube, or if there is evidence of contamination with a foreign microorganism,
disregard the results of the assay. 
Then with the transmittance set at 1.00 for the inoculated blank, read the transmittance for
each of the remaining tubes. Disregard the results of the assay if the difference between the
transmittance observed at the highest level of the standard and that of the inoculated blank is
less than the difference corresponding to a dried cell weight of 1.25 mg per tube.

Calculation—Prepare a standard curve of the niacin standard transmittances for each level of
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Standard Niacin Solution plotted against µg of niacin contained in the respective tubes. From
this standard curve, determine by interpolation the niacin content of the test solution in each
tube. Disregard transmittance values equivalent to less than 0.5 mL or more than 4.5 mL of
Standard Niacin Solution. The niacin content of the test material is calculated from the average
values obtained from not less than six tubes that do not vary by more than ±10 percent from
the average. If the transmittance values of less than six tubes containing the test solution are
within the range of the 0.5- to 4.5-mL levels of the niacin standard tubes, the data are
insufficient to permit calculation of the concentration of niacin in the test material.
Transmittance values of inoculated blank exceeding readings corresponding to dried cell weights
of more than 600 µg per tube indicate the presence of an excessive amount of niacin in the
Basal Medium Stock Solution and invalidate the assay. 
Multiply the values obtained by 0.992 if the results are to be expressed as niacinamide.

Add the following:

CHROMATOGRAPHIC METHODS

The following liquid chromatographic procedures are provided for the determination of niacin or
niacinamide as an active pharmaceutical ingredient, a dietary supplement ingredient, or a
component in the dietary supplements or pharmaceutical dosage forms. 
Use the appropriate USP Reference Standard for the niacin or niacinamide present in the
formulation. 
Throughout these procedures, protect solutions containing and derived from the test specimen
and the Reference Standards from the atmosphere and light, preferably by the use of low-
actinic glassware.

Procedure 1 
This procedure involves the extraction of analytes from the formulation by hot water and
mechanical shaking. It is applicable for the determination of niacin, niacinamide, pyridoxine,
riboflavin, and thiamine in the formulation such as oil- and water-soluble vitamins with minerals
tablets. 
Unless specified in the individual monographs, the Standard solution, Sample solution, and
reagent solutions are prepared as follows:

Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)

Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing 140
mg of sodium 1-hexanesulfonate per 100 mL

Standard solution: Transfer 80 mg of either USP Niacin RS or USP Niacinamide RS to a 200-mL
volumetric flask, and add 180 mL of Diluent. Immerse the flask in a hot water bath maintained

at 65 –70  for 10 min with regular shaking or using a vortex mixer, until all the solid materials
are dissolved. Chill rapidly in a cold water bath for 10 min to room temperature, and dilute with
Diluent to volume.

Sample solution: For tablets, finely powder NLT 30 tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin, and
thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix using a
vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge tube in a hot

2S (USP37)
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water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer for 30 s. Return
the tube to the hot water bath, heat for another 5 min, and mix on a vortex mixer for 30 s.
Filter a portion of the solution, cool to room temperature, and use the clear filtrate. [Note—Use
the filtrate within 3 h of filtration.]

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 280 nm

Column: 3.9-mm × 30-cm; packing L1

Flow rate: 1 mL/min

Injection volume: 10 µL

System suitability

Sample: Standard solution

Suitability requirements

Relative standard deviation: NMT 3.0%

Analysis

Samples: Standard solution and Sample solution 
Measure the peak areas for niacin or niacinamide. 
Calculate the percentage of the labeled amount of niacin (C6H5NO2) or niacinamide (C6H6N2O)
in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacin or niacinamide from the Sample solution 
rS = peak response of niacin or niacinamide from the Standard solution 
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL) 
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)

Procedure 2 
This procedure involves the extraction of analytes from the formulation by the Extract solvent,
heat, and mechanical shaking. It is applicable for the determination of niacin, niacinamide,
pyridoxine, and riboflavin in the formulation such as oil- and water-soluble vitamins with
minerals tablets. 
Unless specified in the individual monographs, the Standard solution, Sample solution, and
reagent solutions are prepared as follows:

Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.

Extraction solvent: Solution A and methanol (3:1)

Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water). Adjust
with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may be added

PF 39(5): Sep.-Oct. 2013 56



to the Mobile phase to improve resolution.]

Standard stock solution: 1 mg/mL of USP Niacin RS or USP Niacinamide RS in Extraction
solvent

Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.

Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] For tablets, finely
powder NLT 20 tablets. Transfer a portion of the powder, equivalent to 2 mg of riboflavin, to a
200-mL volumetric flask. If riboflavin is not present in the formulation, transfer a portion of the
powder, equivalent to 2 mg of pyridoxine. If pyridoxine is not present in the formulation,
transfer a portion of the powder, equivalent to 20 mg of niacin or niacinamide. Add 100.0 mL of
Extraction solvent, and mix for 20 min, using a wrist-action shaker. Immerse the flask in a

water bath maintained at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to
room temperature, and filter. Use the clear filtrate.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 254 nm

Column: 4.6-mm × 25-cm; packing L1

Flow rate: 1 mL/min

Injection volume: 20 µL

System suitability

Sample: Standard solution

Suitability requirements

Relative standard deviation: NMT 3.0%

[Note—If necessary, flush the column with methanol between injections.]

Analysis

Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of niacin (C6H5NO2) or niacinamide (C6H6N2O)
in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacin or niacinamide from the Sample solution 
rS = peak response of niacin or niacinamide from the Standard solution 
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL) 
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
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Procedure 3 
This procedure involves the extraction of analytes from the formulation by mixtures of organic
solvents, heat, and mechanical shaking. It is applicable for the determination of niacin,
niacinamide, pyridoxine, thiamine, and riboflavin in the formulation such as oil- and water-
soluble vitamins with minerals tablets. 
Unless specified in the individual monographs, the Standard solution, Sample solution, and
reagent solutions are prepared as follows:

Reagent: 25 mg/mL of edetate disodium in water

Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate to
volume.

Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS in the Reagent,
with heating if necessary

Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of
methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a water bath

maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.

Sample solution: For tablets, weigh and finely powder NLT 20 tablets. Transfer a portion of
the powder, equivalent to 7.5 mg of niacin or niacinamide, to a stoppered 125-mL flask. Add
10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of
methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a water bath

maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 270 nm

Column: 4.6-mm × 25-cm; packing L7

Column temperature: 50

Flow rate: 2 mL/min

Injection volume: 5 µL

System suitability

Sample: Standard solution

Suitability requirements

Relative standard deviation: NMT 2.0%

Analysis

Samples: Standard solution and Sample solution

PF 39(5): Sep.-Oct. 2013 58



Calculate the percentage of the labeled amount of niacin (C6H5NO2) or niacinamide (C6H6N2O)
in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacin or niacinamide from the Sample solution 
rS = peak response of niacin or niacinamide from the Standard solution 
CS = concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL) 
CU = nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)

Procedure 4 
This procedure involves either dissolving the analyte in the Diluent, a mixture of methanol and
water (82:18) or extracting the analyte from the formulation with Diluent and mechanical
shaking. It is applicable for the determination of niacin as an active pharmaceutical ingredient,
a dietary supplement ingredient or as the ingredient in the niacin extended-release tablets. 
Unless specified in the individual monographs, the System suitability solution, Standard solution
A, Standard solution B, Sample solution A, Sample solution B, and reagent solutions are
prepared as follows:

Diluent: Methanol and water (82:18)

Mobile phase: Methanol and water (82:18), adjusted with glacial acetic acid to a pH of 3.15 ±
0.05

System suitability solution: 0.25 mg/mL of USP Niacin RS, 0.050 mg/mL of USP 6-
Hydroxynicotinic Acid RS, and 0.10 mg/mL of pyridine in Diluent

Standard solution A: For active pharmaceutical ingredient or dietary supplement ingredient,
use 0.25 mg/mL of USP Niacin RS in Diluent.

Standard solution B: For extended-release tablets, use 0.25 mg/mL of USP Niacin RS, 0.050
mg/mL of USP 6-Hydroxynicotinic Acid RS, and 0.0978 mg/mL of pyridine in Diluent.

Sample solution A: For active pharmaceutical ingredient or dietary supplement ingredient, use
0.25 mg/mL of Niacin in Diluent.

Sample solution B: For extended-release tablets, transfer a quantity of powder, equivalent to
50 mg of niacin from NLT 20 finely powdered tablets, to a suitable flask. Add Diluent, and stir
for 2 h. Dilute with Diluent to a final concentration of 0.25 mg/mL of niacin.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: UV 260 nm

Column: 4.6-mm × 15-cm; 5-µm packing L8

Flow rate: 1 mL/min

Injection volume: 25 µL
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System suitability

Samples: System suitability solution and Standard solution A or Standard solution B 
[Note—The relative retention times for pyridine, 6-hydroxynicotinic acid, and niacin are 0.14,
0.64, and 1.0, respectively, System suitability solution.]

Suitability requirements

Resolution: NLT 1.5 between pyridine and 6-hydroxynicotinic acid, and NLT 1.5 between 6-
hydroxynicotinic acid and niacin, System suitability solution

Relative standard deviation: NMT 2.0% for the niacin peak from replicate injections,
Standard solution A or Standard solution B

Analysis

Samples: Standard solution A and Sample solution A or Standard solution B and Sample
solution B

Calculate the percentage of niacin (C6H5NO2) in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacin from Sample solution A or Sample solution B 
rS = peak response of niacin from Standard solution A or Standard solution B 
CS = concentration of USP Niacin RS in Standard solution A or Standard solution B (mg/mL) 
CU = concentration of niacin in Sample solution A or nominal concentration of niacin in Sample
solution B (mg/mL)

Procedure 5 
This procedure involves dissolving the niacinamide as the active pharmaceutical ingredient or a
dietary supplement ingredient in the Mobile phase. It is applicable for the determination of
niacinamide as the raw material. 
Unless specified in the individual monographs, the System suitability solution, Standard solution,
Niacin solution, Sample solution, and reagent solutions are prepared as follows:

Mobile phase: Methanol and 0.005 M sodium 1-heptanesulfonate (30:70)

Standard solution: Transfer 50 mg of USP Niacinamide RS to a 100-mL volumetric flask. Add 3
mL of water to dissolve, and dilute with Mobile phase to volume. Dilute with Mobile phase to
0.04 mg/mL.

Niacin solution: Prepare as directed in the Standard solution, using USP Niacin RS instead of
USP Niacinamide RS.

System suitability solution: Mix equal volumes of the Standard solution and Niacin solution.

Sample solution: Prepare as directed in the Standard solution, using Niacinamide instead of
USP Niacinamide RS.

Chromatographic system 

(See Chromatography 621 , System Suitability.)
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Mode: LC

Detector: UV 254 nm

Column: 3.9-mm × 30-cm; packing L1

Flow rate: 2 mL/min

Injection volume: 20 µL

System suitability

Samples: System suitability solution and Standard solution

Suitability requirements

Resolution: NLT 3.0 between niacin and niacinamide, System suitability solution

Relative standard deviation: NMT 2.0% for the niacinamide peak from replicate injections,
Standard solution

Analysis

Samples: Standard solution and Sample solution 
Calculate the percentage of niacinamide (C6H6N2O) in the portion of the Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacinamide from the Sample solution 
rS = peak response of niacinamide from the Standard solution 
CS = concentration of USP Niacinamide RS in the Standard solution (mg/mL) 
CU = concentration of niacinamide in the Sample solution (mg/mL)

Procedure 6 
This procedure involves the extraction of the niacin from the formulation by water, heat, and
mechanical shaking. It is applicable for the determination of niacin in the formulation such as
niacin tablets. 
Unless specified in the individual monographs, the Standard solution, Sample solution, and
reagent solutions are prepared as follows:

Solution A: 5-mM solution of sodium 1-hexanesulfonate in water

Mobile phase: Methanol, acetonitrile, glacial acetic acid, and Solution A (14:7:1:78)

Standard solution: 0.050 mg/mL of USP Niacin RS in water. Dissolve with the aid of heat in a
steam bath.

Sample solution: For tablets, transfer an equivalent to 500 mg of niacin from NLT 20 finely
powdered tablets to a suitable flask. Add 50 mL of water, and heat on a steam bath for 30 min.
Sonicate for 2 min, shake by mechanical means for 15 min, and cool to room temperature.
Dilute with water to 0.050 mg/mL, and filter.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC
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Detector: UV 262 nm

Column: 3.9-mm × 30-cm; packing L1

Flow rate: 1.3 mL/min

Injection volume: 20 µL

System suitability

Sample: Standard solution

Suitability requirements

Column efficiency: NLT 1000 theoretical plates for the niacin peak

Tailing factor: NMT 2.0 for the niacin peak

Relative standard deviation: NMT 2.0% for the niacin peak from replicate injections,
Standard solution

Analysis

Samples: Standard solution and Sample solution

Calculate the percentage of the labeled amount of niacin (C6H5NO2) in the portion of the
Sample taken:

Result = (rU/rS) × (CS/CU) × 100

rU = peak response of niacin from the Sample solution 
rS = peak response of niacin from the Standard solution 
CS = concentration of USP Niacin RS in the Standard solution (mg/mL) 
CU = nominal concentration of niacin in the Sample solution (mg/mL)

*  Pure cultures of Lactobacillus plantarum may be obtained, as number 8014, from the American Type Culture
Collection, P.O. Box 1549, Manassas, VA 20108.

BRIEFING

563 Identification of Articles of Botanical Origin, USP 36 page 226. Based on a Stimuli
Article appearing elsewhere in this issue of PF, it is proposed to add a new section to include
the use of DNA-based methods for authentication of articles of botanical origin. This new
section may be used to confirm the identity and to detect adulteration of specific botanical
dietary supplements in conjunction with other methods included in the current chapter.

(GCCA: C. Okunji.)
Correspondence Number—C119548

Comment deadline: November 30, 2013

563  IDENTIFICATION OF ARTICLES OF BOTANICAL ORIGIN

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 62



Identification of raw plant material intended for use in the manufacture of pharmaceuticals,
excipients, or dietary supplements is carried out by examining the morphological and histological
features of the article under test and by performing diagnostic chemical tests on the article.
The botanical and chemical characteristics of the test article are then compared to the known
botanical and chemical characteristics of the plant species. Reference articles may be specified
to assist in the proper botanical and chemical identification of the plant and plant part. A
reference article may be either a USP Authenticated Reference Material, which may be used for
both botanical and chemical identification, or a USP Reference Standard, which is used for
chemical identification only.

USP AUTHENTICATED REFERENCE MATERIALS

USP Authenticated Reference Materials are plant organs or tissues certified to have come from
a plant that has been properly identified as belonging to the species listed on the label. The
authentication is performed by botanical taxonomists, plant anatomists, phytochemists, or
other plant scientists contracted by USP. A USP Authenticated Reference Material is typically a
dried, pulverized plant organ or tissue, and it may be obtained from USP. Herbarium samples
that may include roots, stems, leaves, flowers, fruits, and seeds of the authenticated plants
are archived and made available for examination upon request. Standard herbarium samples
usually consist of the entire mature plant. USP Authenticated Reference Materials undergo the
same botanical and chemical diagnostic tests as those applied to test raw materials. A test
article must have all botanical and chemical characteristics specified and found in the USP
Authenticated Reference Material. To serve its intended purpose, each USP Authenticated
Reference Material is properly stored, handled, and used. Generally, USP Authenticated
Reference Materials are stored in their original containers under cool and dry conditions and
protected from light and insect infestation. Where special storage conditions are necessary,
directions are given on the label. Active principles and marker compounds typically degrade with
time; therefore, expiration dates are assigned to USP Authenticated Reference Materials for
their use in chemical identification. USP Authenticated Reference Materials are not intended for
use in the manufacture of pharmaceuticals, excipients, or dietary supplements.

BOTANICAL IDENTIFICATION

The botanical identification of raw plant materials used in the manufacture of pharmaceuticals,
excipients, or dietary supplements consists of ascertaining the macroscopic characteristics of
the plant part, such as root, stem, leaf, flower, fruit, or seed, used in the manufacture of the
article, as well as ascertaining its histological (microscopic) features. It may also include the
inspection of organoleptic features of the botanical tissue such as the presence or absence of
a characteristic odor. Individual compendial monographs may include botanical information on
possible adulterant species to help ensure their absence in the raw material. For a proper
identification of the plant, plant organ, or plant tissue, it is necessary to have a basic
knowledge of plant anatomy.

Diagnostic Plant Morphology and Anatomy
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This section exclusively addresses the diagnostic morphological and anatomical features of
vascular plants and the various plant parts, such as roots, stems, leaves, flowers, fruits, and
seeds, from which pharmaceuticals, excipients, or dietary supplements are derived. Vascular
plants include pteridophytes (ferns and fern allies; for example, genera Aspidium, Equisetum,
and Lycopodium), gymnosperms (seed plants, in which the seed is not enclosed within a fruit;
for example, genera Ephedra, Gingko, and Pinus), and angiosperms (seed plants, in which the
seed is enclosed within a fruit; for example, genera Allium, Digitalis, Panax, Matricaria, and
Rauwolfia). Anatomical diagnostic features that are specified in an individual monograph (see
Botanic characteristics in individual monographs) may include, but are not limited to, the
presence of a particular tissue within an organ; the arrangement and type of cells within a
tissue; the presence and type of secretory canal, oil, or resin duct or laticifers within an organ;
the number of epithelial cells surrounding a secretory canal; and the presence and type of
ergastic substances such as starch, inulin, fat globules, essential oils, calcium oxalate crystals,
cystoliths, polyphenols, fluids, or other materials occurring in the cytoplasm, organelles,
vacuoles, cavities, or cell wall.

ROOTS

The tissues present in young roots, starting with the most external tissue, include an epidermis
with root hairs, cortex, endodermis, pericycle, phloem, xylem, and, in some species, pith. In
some species, the outermost layer or layers of cortex are distinct from the inner layers, in
which case they are referred to as a hypodermis. In species that undergo secondary growth in
the roots, it is typical for all tissues external to the pericycle to be sloughed off. Roots that
exhibit secondary growth have a periderm or bark, composed of a phellum (cork), phellogen
(cork cambium), and phelloderm as the outermost tissue. Underneath the periderm, remnants of
primary phloem, secondary phloem, vascular cambium, primary xylem, and secondary xylem can
be found. Secondary vascular tissues have medullary rays separating clusters of the principal
conducting cells of phloem (sieve elements or sieve cells) and the principal conducting cells of
xylem (vessels and tracheids). Most species of plants that undergo secondary growth lack pith
in the root. The type and arrangement of the principal conducting cells of the vascular tissues
may be diagnostic of the species. Roots of many species develop into food storage organs.
Abundant parenchyma and large amounts of starch or other polysaccharides characterize these
types of roots. The presence, type, and arrangement of fibers, sclereids, and other tissues,
and the presence and location of ergastic material, may also be diagnostic features.
Morphologically, roots may be distinguished from rhizomes (the underground stems) primarily by
the absence of nodes and internodes, which are present in rhizomes.

STEMS

Several external macroscopic features of stems that may be diagnostic of the species include
the attributes of the nodes, internodes, leaf scars, vascular bundle scars, lenticles, and buds;
the growth pattern of the buds; position and arrangement of the leaves along the stem; and
the presence of tendrils, spines, thorns, or prickles. Starting with the outermost tissue, the
internal arrangement of tissues in the young stems of most species is epidermis, cortex, a
concentric ring of vascular bundles separated from each other by parenchymatous medullary
rays, and pith. Depending on the species, stomata or trichomes or both structures may be
present in the epidermis. The cortex of some species may include a hypodermis or an
endodermis or both. In most monocotyledons, the vascular bundles are not arranged
concentrically; instead, they are scattered throughout a mass of parenchyma tissue internal to
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the epidermis. Because of this arrangement, neither cortex, medullary rays, nor pith can be
discerned. In woody plant stems that undergo secondary growth, it is typical for the epidermis
to be sloughed off and replaced by a periderm composed of a phellum, phellogen, and
phelloderm. Some species are characterized by having multiple periderms (rhytidome). Lenticles
may be present in the periderm and their attributes may serve as diagnostic features.
Underneath the periderm are the remnants of the cortex, primary phloem, secondary phloem,
vascular cambium, secondary xylem, primary xylem, and pith. Medullary rays are also present.
As in the root, the type and arrangement of the principal conducting cells of the vascular
tissues; the presence, type, and arrangement of fibers, sclereids, and other tissues; and the
presence and location of ergastic material may also be diagnostic features. Rhizomes may have
some morphological characteristics similar to those of roots, and therefore they may be
mistaken for roots. However, rhizomes can be correctly identified as stems because they have
distinct nodes and internodes.

LEAVES

Several macroscopic features of leaves that may be diagnostic of the species include the
attributes of the leaf blade, petiole, and stipules and the phyllotaxy. The outermost tissue of a
leaf blade is the epidermis, followed by mesophyll and vascular tissues. Microscopic diagnostic
features of epidermal cells include the cuticle thickness and markings, the shape and
arrangement of stomata and guard cells, the arrangement and size of subsidiary cells, stomatal
number (number of stomata per unit area), and stomatal index (number of stomata per unit
number of epidermal cells). Additional features useful in the identification of leaf material include
types and arrangement of trichomes (plant hairs) present; type and arrangement of mesophyll
and vascular tissues; palisade mesophyll ratio; presence and appearance of accessory tissues
such as parenchymatous or sclerenchymatous bundle sheaths, paraveinal mesophyll,
endodermis, and transfusion tissue; type and arrangement of the principal conducting cells of
the vascular tissues; presence, type, and arrangement of fibers, sclereids, and other tissues;
and presence, location, and physical appearance of ergastic material.

FLOWERS

Flowers are the best diagnostic morphological features of any flowering plant, and the floral
structure is the principal criterion used in plant taxonomy. The diagnostic features of flowers
include type of inflorescence; presence, number, and appearance of the primary floral parts
(sepals, petals, stamens, and carpels); type of symmetry displayed by the floral parts; relative
position of the ovaries in regard to the other parts of the flower; the number of ovules per
ovary; type of placentation of the ovary; physical appearance of the pollen grains; presence of
nectaries; presence of covering or glandular trichomes; and physical features of accessory
structures such as the receptacle and bracts. The histological features and the presence of
ergastic materials in the tissues of floral parts are also diagnostic of the species.

FRUITS

The identification of the species of plant from which a fruit was derived may be determined by
observing several macroscopic criteria. These criteria include the number of pistils found in the
fruit; the number of carpels within each pistil; the number of seeds within each carpel; the
placentation of the fruit; and the determination of whether the fruit is dehiscent, indehiscent,
or fleshy. Additional diagnostic features include the number of sutures in a dehiscent fruit, the
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determination of whether the seeds are fused to or free from the pericarp wall, physical
features of the three layers of the pericarp of fleshy fruits (epicarp, mesocarp, and endocarp),
and presence and physical appearance of accessory tissues such as the receptacle and bracts.
Histological features of fruit tissues may aid in identification. The characteristics of the seeds
within the fruit are also diagnostic features of the species.

SEEDS

The macroscopic features of seeds used in identification include the shape and size of the
seed; appearance of the seed-coat surface; placement of the hilum and micropyle; and
presence of accessory structures of the seed coat such as the arils, caruncle, or oil bodies.
Physical features of the embryo, such as its size, shape, position, and the number and
appearance of the cotyledons, as well as the presence and appearance of accessory nutritive
tissues such as the remnants of a megagametophyte (in gymnosperms), perisperm (nucellus),
or endosperm, are also diagnostic of the species. Histological features of the seed coat and
other structures and tissues of the seed may also be used for species identification.

Microtechnique

Histological analysis of botanical specimens can be performed on whole plant material or plant
powder. The use of cytological stain or other reagents may be necessary to visualize certain
histological features. Crossed polarizers can be used to detect structures that rotate plane-
polarized light. These structures include starch grains, calcium oxalate crystals, some fibers,
and grains of sand (present as a contaminant) that can be observed as bright objects against
a dark background. One polarizer is commonly placed in the condenser or the light source, and
the second polarizer is placed in the ocular. Light entering the slide from below is plane
polarized, permitting only some light waves in a specific plane to pass through. When the two
polarizers are aligned, the field becomes bright; when the two polarizers are crossed, the field
becomes dark.

PROCEDURE FOR TEMPORARY MOUNTS AND POWDERED MATERIAL

General procedure: Plant samples are observed under the microscope by employing different
mounting media, stains, or other solutions to assist in the correct identification of the test
article. If a USP Authenticated Reference Material is available, prepare it with the same
mounting media or reagent solutions used for the test article. Place 1 or 2 drops of water,
Glycerin–alcohol solution, Chloral hydrate solution, or another reagent solution (see Preparation
and use of reagent solutions, optical devices, and mountants) in the center of a clean slide.
Transfer a small plant tissue section or a portion of plant powder into the mountant or reagent
solution, and cover with a clean coverslip. (For specific preparation techniques, see Preparation
of temporary mounts and hand sections, Maceration, or Preparation of powdered materials, as
appropriate.) To prevent the formation of air bubbles, the coverslip may be carefully placed at
an appropriate angle with its edge making the first contact with the slide and then pressed until
it covers the specimen. Using a piece of filter paper, remove excess fluid from the margin of the
coverslip. Air bubbles can be removed by placing the slide in a vacuum desiccator. When using
chloral hydrate, air bubbles can be removed by gently boiling the sample over a small flame
such as that from an alcohol lamp. To replace the mountant or reagent solution, place drops of
the new mountant or reagent solution on one edge of the coverslip. Place a strip of filter paper
at the opposite edge of the coverslip to remove the old mountant or reagent solution and to
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cause the new mountant or reagent solution to be drawn over the powdered material or tissue.
Plant oils can be also washed away from the tissue in this manner when solvent hexane or
acetone are washed through the slide followed by water and, if necessary, Chloral hydrate
solution. Do not use Chloral hydrate solution immediately after treating the plant tissue with
flammable solvents without thoroughly washing the tissue with water. This is to avoid setting
fire to residual solvent when the microscope slide is later placed over a small flame to boil the
tissue. Care must be taken when using reagent solutions that are volatile or corrosive to the
microscope. To prevent drying of aqueous or chloral hydrate solutions during observation, add a
small drop of glycerin to the slide. Observe the mounted sample under an optical microscope

(see Optical Microscopy 776 ), and examine for histological features.

Preparation and use of reagent solutions, optical devices, and mountants: The following
reagents, optical devices, and mounting media are used to assist in the identification of cells,
tissues, structural features, and ergastic substances in the tissue or powdered material (see
Table 1 and Table 2).

Table 1. The Use of Reagent Solutions and Optical Devices

Detection
Reagent Solutions and Optical

Devices

Calcium carbonate concretion Diluted acetic acid
Calcium oxalate crystals Crossed polarizers

Cellulose

Carmine alum–methyl green solution 
Hydriodic acid 
Zinc chloride–iodine solution

Cytoplasm Alcoholic picric acid solution
1,8-Dihydroxyanthra-quinones 1 M Potassium hydroxide solution

Essential oils
Osmium tetroxide solution 
Sudan III solution

Inulin Naphthol–sulfuric acid solution

Lignin

Carmine alum–methyl green solution 
Phloroglucinol–hydrochloric acid solution 
Universal reagent

Lipids (cutin, waxes, and suberin
included)

Carmine alum–methyl green solution
Osmium tetroxide solution 
Sudan III solution 
Universal reagent

Pectin and mucilage

Ruthenium red solution 
Thionine solution 
Toluidine blue solution

Phytoglycogen Ruthenium red solution

Protein bodies
Alcoholic picric acid solution 
Osmium tetroxide solution

Saponin

Blood–gelatin mixture 
Iodine–glycerin solution (confirm by testing with Blood–
gelatin mixture)

Starch

Crossed polarizers 
Iodine solution 
Universal reagent
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Tannins and other polyphenols
Ferric chloride solution 
Osmium tetroxide solution

Table 2. Bleaching and Clarifying Agents and Mountants

Use Mountants and Agents

Bleaching agents Sodium hypochlorite solution

Clarifying agents

Chloral hydrate solution 
Lactochloral solution 
Lactophenol solution

Mountants

Glycerin 
Glycerin–alcohol solution 
Glycerin–gelatin mixture 
Water

Alcoholic picric acid solution—Prepare a 1% solution of picric acid in alcohol. Picric acid is useful
to stain cells having dense cytoplasm such as aleurone cells in seeds. Place a small amount of
powdered plant material in a test tube, and shake with about 1 mL of solvent hexane to remove
plant oils, which would interfere with the reaction. Centrifuge, and discard solvent hexane.
Soak the plant powder in Alcoholic picric acid solution for about 30 min. Transfer a portion of
the powder to a microscope slide, and observe under a microscope. Cytoplasm and protein
bodies turn bright yellow. [Caution—Picric acid is explosive when dry. Handle appropriately.]

Blood–gelatin mixture—Add 4.5 g of gelatin powder to 100 mL of a 0.9% sodium chloride

solution, and allow to swell for 30 min. Heat the gel, while stirring, to about 80  in a water

bath. Cool to 40 , and add 6 mL of defibrinated bovine blood. Heat to 45 –50 , and pour onto a
microscope slide in a thin layer of about 1 mm while the slide is in a horizontal position. To
prevent loss of blood-gelatin mixture from the sides, seal the microscope slide edge with a 1-
cm wide adhesive tape to form a tray. After cooling and solidification, it is ready for use. [Note

—Store in a humid chamber for NMT 1–2 days at 3 –4 .] To test for saponins, place small
clusters of the powdered plant material on the blood–gelatin layer, spacing them a few mm
apart from each other, transfer to a humidifier for a few h, and observe. Saponin-containing
particles will cause light-transparent zones to appear in the blood–gelatin.

Carmine alum–methyl green solution—Boil 1.5 g of carmine for 30 min in a 15% solution of
aluminum potassium sulfate. Cool, filter, and add 10 mL of a 0.75% methyl green solution while
stirring. Add 1–2 drops to the plant material. Lignin and suberin turn green and cellulose turns
red-violet.

Chloral hydrate solution—Use chloral hydrate TS. When using the solution as a clarifying agent,
add a few drops to the plant material, and boil briefly over a small flame. Chloral hydrate
dissolves cellular contents and intercellular substances and allows cell walls and shapes to be
easily observed. It can be used to assist in the identification of cork, fibers, vessels, calcium
oxalate crystals (with the aid of crossed polarizers), trichomes, stomata, and pollen.

Crossed polarizers—This optical device is used to detect calcium oxalate crystals and starch
grains (amyloplasts). In polarized light, calcium oxalate crystals and starch grains appear as
bright, birefringent objects on a dark background. Starch grains observed under polarized light
will also have a Maltese-cross effect with the arms of the cross intersecting at the hilum.
Calcium oxalate crystals are usually best viewed after the sample has been clarified with Chloral
hydrate solution or another clarifying agent.
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Diluted acetic acid—Add 1–2 drops to the plant material, and immediately observe under a
microscope. Calcium carbonate deposits dissolve with effervescence.

Ferric chloride solution—Dilute 1 mL of ferric chloride TS with 9 mL of water. For the detection
of phenol hydroxyl groups, such as tannins and flavonoids, from the side of the coverslip add
the solution to the aqueous sample. Tannins and other polyphenols become blue-black to
green.

Glycerin—Use as a mountant to prevent the drying of aqueous and chloral hydrate solutions.

Glycerin–alcohol solution—Mix equal volumes of glycerin and alcohol. Use as a mounting
medium.

Glycerin–gelatin mixture—Add 10.0 g of powdered gelatin to 60 mL of water. Allow to stand for
2 h, and add 70 mL of glycerin containing 1.5 g of dissolved phenol. Heat in a water bath, and
filter through a preheated funnel containing glass wool. The filtered mixture is liquefied before
use, and it serves as a mounting medium. Add a few drops to the cut or powdered plant
material, and cover with a heated coverslip. This preparation is used for long-term storage of
specimen mounts. The margins of the coverslip may be sealed with Canada balsam after a few
months of drying.

Hydriodic acid—Add 1–2 drops to the plant material. Cellulosic cell walls become blue to blue-
violet.

Iodine solution—Add 1–2 drops of 0.1 N iodine VS to the plant material. Starch particles
become dark-blue to blue-violet; this reaction is reversible on heating. [Note—Proteins, lipids,
and cellulose turn yellow to brown; guaiac powder particles become green to blue, but this
reagent is not used for diagnostic identification of these features.]

Iodine–glycerin solution—Dissolve 0.3 g of iodine and 1.0 g of potassium iodide in a small
quantity of water, and add 10 mL of a mixture of glycerin and water (1:1). Add 1–2 drops to
the powdered plant material. Samples containing saponins form yellow lumps or aggregates. If a
sample tests positive for saponin, the result has to be confirmed by testing the sample with
Blood–gelatin mixture as well.

Lactochloral solution—Dissolve 50.0 g of chloral hydrate in 50 mL of lactic acid with gentle
heating. Add a few drops to the plant material. Place the microscope slide in a small vacuum
desiccator if it is necessary to eliminate air bubbles. Chloral hydrate solution and Lactochloral
solution are used for the same type of identification, except that Lactochloral solution is a
stronger clarifying agent and it is used for plant material that is more difficult to clarify.

Lactophenol solution—Mix 20 g of lactic acid, 40 g of glycerin, and 20 mL of water. Add 20 g of
phenol, and mix. This is a strong clarifying agent suitable for the examination of pollen grains.

Naphthol–sulfuric acid solution—Prepare a 20% solution of 1-naphthol in alcohol. To the plant
material add 1 drop of 1-napthol solution and 1 drop of sulfuric acid. Inulin crystals turn
brownish red and then dissolve.

Osmium tetroxide solution—Dissolve 0.1 g of osmium tetroxide in 5 mL of distilled water. Add 1–
2 drops of the solution so obtained to the plant material. Essential oils, fatty oils and other
lipids, tannins, and protein bodies become brown to black.

Phloroglucinol–hydrochloric acid solution—This solution is used for the identification of lignin and
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other hydroxyphenylpropane derivatives; lignified tissues, such as sclereids, vessels, fibers, and
stone cells; and lignified parenchyma. Moisten the powder or the cut sample with phloroglucinol
TS, and allow to dry for 2–3 min before placing the coverslip. Add a few drops of a 25%
hydrochloric acid solution, and cover with the coverslip. Lignified cell walls turn carmine red.
[Note—This stain is not stable.] Cells with hydroxyphenylpropane derivatives, such as vanillin
and ferulic acid, also turn red. Alternatively, hydroxyphenylpropane derivatives can be
extracted from the plant material and the plant material then examined. To extract
hydroxyphenylpropane derivatives, repeatedly immerse the untreated material in alcohol, mix on
a vortex mixer, centrifuge, and discard the alcohol between washings. Then treat the plant
material as specified previously, beginning with the addition of phloroglucinol TS.

1 M Potassium hydroxide solution—Add 1 drop to the plant material. Cells containing 1,8-
dihydroxyanthraquinones will stain red.

Ruthenium red solution—Add a few drops of ammonium hydroxide to ruthenium red TS. [Note
—Store the solution protected from light.] Add 1–2 drops to the plant material. Pectin-
containing cell membranes, acidic mucilage, and phytoglycogen turn red.

Sodium hypochlorite solution—This solution is used to bleach deeply colored sections. Immerse
the plant material in the solution for a few min until sufficiently bleached. Wash the tissue with
water, and mount with a suitable mounting agent. [Note—Sodium hypochlorite will extract
lignin; plant tissue so treated will test negative for lignin.]

Sudan III solution—Dissolve 0.5 g of sudan III in 50 mL of alcohol or isopropyl alcohol with reflux
boiling. Cool, filter, and add 50 mL of glycerin. Add 1–2 drops of this solution to the plant
powder. Essential oils, waxes, cutin, suberin, and fatty oils and other lipids combine with this
lipophilic colorant and become orange-red to red after a short time.

Thionine solution—Prepare a 0.2% thionine acetate solution in 25% alcohol. Immerse the dry
sample in this solution. After about 15 min, wash out the excess of stain with 25% alcohol.
Mucilage will have swollen into spherical globules and turned red-violet, while cellulose, pectin,
and lignified septa will turn blue or blue-violet.

Toluidine blue solution—Using toluidine blue, proceed as directed for Thionine solution.

Universal reagent

Solution A: Dilute 20 mL of a lactic acid-saturated solution of sudan III with 30 mL of lactic
acid.

Solution B: Dissolve 0.55 g of aniline sulfate in 35 mL of water.

Solution C: Dissolve 0.55 g of potassium iodide and 0.05 g of iodine in 5 mL of water, and add 5
mL of alcohol.

Procedure: Combine Solution A, Solution B, and Solution C, and add 2.5 mL of hydrochloric acid
while stirring. [Note—The solution is used without filtering.] For identification, add 2–3 drops to
the sample, and gently boil over a small flame. If necessary, small amounts of Universal reagent
may be added during boiling. Cover with the coverslip. Lignified elements turn yellow, suberin
turns red-brown, lipids turn red, and starch turns blue-violet.

Water—Use as a mounting medium. [Note—All grades of water are acceptable for this purpose.]

Zinc chloride–iodine solution—Dissolve 20.0 g of zinc chloride and 6.5 g of potassium iodide in
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10.5 mL of water. Add 0.5 g of 0.1 N iodine VS, and shake for 15 min. Filter if necessary. Store
in low-actinic glassware. Add 1–2 drops to the plant material, and allow to stand for a few min.
Cellulosic cell walls are stained blue to blue-violet.

Preparation of temporary mounts and hand sections: When using the dry plant tissue, soak
or gently boil in water until soft. Do not soften too much. Material can then be treated like
fresh plant material. When appropriate, use the mountants or reagent solutions listed for use
with plant powder to help visualize features of the tissue (see Preparation and use of reagent
solutions, optical devices, and mountants). 
To make an epidermal peel of the leaf, petal, sepal, bract, and other leaf-like appendages, roll
the tissue into a cylinder, and nick with a sharp, polytef-coated razor blade that has been
wetted with water. Grasp the nicked piece of tissue with forceps, and strip back removing a
clear section of the epidermis. Mount in water on a microscope slide, place a coverslip over the
tissue, and examine under a microscope. 
If it is difficult to obtain an epidermal peel using the previous procedure, proceed as follows.

Soak the tissue in a 40%–60% nitric acid solution at 60  for 3–4 min or until the epidermis can
be easily peeled. The peel is then washed 3–5 times in water to remove the excess of nitric
acid. Neutralize the tissue in a 1% potassium hydroxide solution or a 1% sodium hydroxide
solution. Wash the tissue again with water, mount in water on a microscope slide, place a
coverslip over the tissue, and examine under a microscope. 
An alternative method of preparing leaf tissue for the examination of the epidermis is to heat a
leaf fragment (about 5 mm × 5 mm) for 15 min in Chloral hydrate solution on a water bath.
Transfer the tissue to a microscope slide, add a drop of water, and cover with a coverslip.
These procedures can be used to determine the stomatal type, distribution, number, and index.
Stomatal number is determined by counting the number of stomata per unit area of a
microscopic field. Determine the stomatal number on at least 10 different sites of the specimen,
and calculate a mean value. Keep track of which leaf surface is being observed, abaxial or
adaxial, as the stomatal number for different surfaces is frequently significantly different. 
To calculate the stomatal index, the specimen is observed under a microscope at a low
magnification. The size of the surface is determined with a calibrated micrometer ocular, and
the number of stomata and the number of epidermal cells for that area are determined. The
stomatal index is calculated:

Result = (100 × S)/(E + S)

S = number of stomata for a given area 
E = number of epidermal cells of the same area

Determine the stomatal index on at least 10 different sites of the specimen, and calculate a
mean value. Again, keep track of which leaf surface is being observed, abaxial or adaxial, as
the stomatal indices for different surfaces is frequently significantly different. 
To make a cross section of a leaf or thin roots, stems, or other thin appendages, lay the
appendage to be sectioned on a microscope slide. Place another microscope slide over the
appendage with a portion of the tissue exposed. Using a sharp, polytef-coated razor blade that
has been wetted, cut straight down along the edge of upper slide. Without moving the upper
slide, cut down again with the razor blade at an angle. Some practice may be necessary to be
able to get sections thin enough so that when they are mounted and covered with a coverslip,
these sections can be used to determine tissue arrangements (for instance, the number of
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palisade layers in leaf, thickness of cuticle, types of trichomes, types of vascular bundles, and
the like). Because razor blades dull quickly, they have to be replaced frequently. 
Use the cross section of leaf tissue so obtained to determine the palisade mesophyll ratio.
Alternatively, boil leaf fragments of about 2 mm2 in Chloral hydrate solution, mount, cover with
a coverslip, and observe under a microscope. Identify groups of four adaxial epidermal cells,
and count the palisade mesophyll cells that are lying below and are at least 50% covered by
the epidermal cells. This value divided by 4 is the palisade mesophyll ratio. Determine the
palisade mesophyll ratio of at least 10 groups of epidermal cells, and calculate a mean value.
Palisade mesophyll ratio can also be determined on powdered leaf material. 
To make a cross section of thick stems, roots, or other plant parts, including woody tissues,
hold the tissue in one hand and using a sharp, polytef-coated razor blade that has been wetted
with water, shave a cross section from the appendage. Mount in water, another medium, or
reagent solution, place a coverslip over the material, and examine under a microscope. Sections
thin enough to determine vascular tissue arrangement, ray type, parenchyma distribution,
presence of crystals, and the like can usually be made with a little practice.

Maceration: For the proper identification of a plant material, it is sometimes necessary to
macerate the tissue into its individual cells before microscopic examination. This can be an
especially useful technique for woody or other hard tissues. The material is cut into small
pieces of about 2-mm thickness and 5-mm length or sliced into pieces of about 1-mm
thickness. Depending on the nature of the cell wall, one of the following methods is used. For
hard or highly lignified tissues, use Method I. For tissues that are not extensively lignified, use
Method II.

Method I

Solution A: Use 4 N nitric acid solution.

Solution B: Prepare a mixture of 1.2 M chromium trioxide solution and sulfuric acid (7:4).

Procedure: Place the plant material in a test tube containing about 5 mL of a mixture of
Solution A and Solution B (1:1). Heat in a water bath for 20 min. Wash the tissue repeatedly
with water, and transfer to a microscope slide. Tease the tissue apart with a dissecting needle,
add 1–2 drops of mountant, cover with a coverslip, and examine under a microscope. If
necessary, cells can be further separated from each other by pressing down on the coverslip
with a gentle, sliding motion. The macerated tissue will test negative for lignin.

Method II

Procedure: Place the plant material in a test tube containing about 5 mL of 2 M potassium
hydroxide solution. Heat in a water bath for 30 min. Wash the tissue repeatedly with water,
and transfer to a microscope slide. Add 1–2 drops of mountant. Place a coverslip over the
tissue, press down, squashing the tissue, and examine under a microscope. The macerated
tissue will test negative for lignin.

Preparation of powdered materials: Place 1 or 2 drops of water, another mountant, or a
reagent solution in the center of a clean slide. Moisten the tip of a dissecting needle with
water, and dip into the powder under test. Transfer a small amount of material that adheres to
the needle into the fluid on the slide, and stir thoroughly and carefully. Cover with a clean
coverslip. Because the arrangement of the tissue structures within the plant tissue has been
destroyed, the important features for observation of the powdered plant material are the
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chemical and physical features of tissues and cell types, as well as the presence and chemical
and physical features of ergastic substances. The specific tissues, cells, and ergastic
substances to be examined are specified in the individual monograph.

PROCEDURE FOR THIN, PERMANENT MOUNTS

When it is necessary to reveal detailed histological features of a plant specimen, thin tissue
sections have to be obtained. The sections need to be thin enough to transmit light, and they
have to be cut in such a plane that the desired features are exposed. The plant material is
properly killed, fixed, dehydrated, and embedded in paraffin or other embedding media. The
embedding medium is used as a solid-support matrix during tissue sectioning. After sectioning
and mounting, staining of the specimen is frequently performed to aid in the differentiation of
certain structures. [Note—The process of fixing, dehydration, embedding, and staining can be
significantly expedited by utilizing a microwave oven specifically designed for histological work.]

Killing and fixation: As a first step in preparing plant material for sectioning, living cells are
killed, and the tissue is preserved. This is most frequently done by employing a chemical
fixative. A good general purpose fixative for plant material is a mixture of formaldehyde, acetic
acid, and alcohol (FAA).

FAA solution—Mix 50 mL of alcohol, 5 mL of glacial acetic acid, 10 mL of formaldehyde solution,
and 35 mL of water. [Note—Periodically prepare fresh solution, as it loses effectiveness with
storage.]

Procedure—Completely immerse the plant material in the FAA solution. Allow the material to
remain immersed for 18–24 h at room temperature. Plant material can be kept indefinitely in FAA
solution, as long as it remains completely immersed and is not allowed to dry out. Certain plant
tissues may require vacuum infiltration to facilitate the penetration of the fixative. Vacuum
infiltration is required if the tissue has abundant air spaces or epidermal hairs or if it floats on
top of the fixative solution. Place the tissue in a small vial containing the fixative. Place the
uncapped vial into a bell jar or desiccator that is connected to a vacuum source, preferably an
oil-sealed vacuum pump. The vacuum is vented into a fume hood to prevent fixative vapors
from filling the room. Slowly turn on the vacuum. Do not use a strong vacuum because the
fixative may start to boil and damage the tissue. As residual air is pulled from the tissue, it will
rise to the surface. Turn the vacuum on and off through several cycles until the tissue stays at
the bottom of the container during an “on” cycle.

Tissue dehydration: Paraffin and other embedding media are hydrophobic; thus, water must
be removed from the plant tissue after fixation. This is accomplished by immersing the fixed
tissue in dehydration solutions, which are a series of mixtures of alcohol and water with
increasing alcohol concentration. The final solution in the series is dehydrated alcohol. Begin by
washing the fixed tissue once or twice with fresh 50% alcohol to remove traces of FAA.
Remove this solution, and subsequently remove any other dehydration solution, by decanting
the solution or removing it with the aid of a glass pipet. Add the first dehydration solution (70%
alcohol) to the vial, completely immersing the tissue. The graded alcohol–water series and the
suggested times for tissue immersion are listed in Table 3.

Table 3

Dehydration Solution Time (h)

50% alcohol 1–2
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70% alcohol 1–2
90% alcohol 1–2
95% alcohol 1–2
Dehydrated alcohol containing 0.1% of safranin O 2–4
Dehydrated alcohol 1

Safranin O is added to the penultimate dehydration solution in the series to visualize the tissue
when it has become embedded in paraffin. If the tissue to be sectioned is hard or woody, the
time for each step in the series may need to be increased to up to 24 h. If necessary, the
tissue can be stored for several days in 70% alcohol or in solutions of even higher alcohol
concentrations.

Embedding

Preparation for embedding

Alcohol removal: Paraffin is the most common embedding medium, although other embedding
media are available. After dehydration, alcohol is removed from the tissue by using a graded
series of dehydrated alcohol–xylene solutions, because paraffin is not soluble in alcohol. The
graded dehydrated alcohol–xylene series and the suggested times for tissue immersion are
listed in Table 4.

Table 4

Alcohol Removal Solution Time (h)

A mixture of dehydrated alcohol and xylene (3:1) 1
A mixture of dehydrated alcohol and xylene (1:1) 1
A mixture of dehydrated alcohol and xylene (1:3) 1
Xylene 1
Xylene 1

Xylene removal: Once xylene has completely replaced alcohol, paraffin is added slowly to
infiltrate the tissue and remove xylene. Proceed as follows:

1. For each mL of xylene add about 1 paraffin chip to the tissue vial, cap, and allow to
stand at room temperature for 4 h. Add additional paraffin chips until no more chips
dissolve.

2. Place the tissue in an oven maintained at 42 –45 . Add 2–3 paraffin chips every h until
no more chips dissolve at that temperature.

3. Pour off one-third of the volume, and replace with an equal volume of melted paraffin.

Do not cap, and transfer the vial to an oven maintained at 58 –60 .
4. After the paraffin remelts (about 4 h later), pour off one-half of the volume, and replace

with an equal volume of melted paraffin. Transfer the vial to the oven maintained at 58

–60  if the paraffin begins to solidify.
5. Repeat the fourth step twice more, then pour off the entire volume of paraffin–xylene.

Replace with pure melted paraffin. About 4 h later, pour off the paraffin, and replace
with fresh pure melted paraffin. Repeat the pouring off and replacement 4 h later, and

allow to stand overnight. [Note—Transfer the vial to the oven maintained at 58 –60  if
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the paraffin begins to solidify at any point.]

Embedding procedure—Pour the tissue with the paraffin to an embedding boat. Paraffin has to
completely cover the tissue by about 3–5 mm. Place the embedding boat on top of a preheated
warming platform that is designed for histology work. Adjust the tissue in the boat to its proper
orientation for sectioning. Slowly cool the paraffin by sliding the boat down to the cool side of
the platform until the paraffin has solidified. Immerse the paraffin block in ice water to rapidly

cool the block and to prevent paraffin crystals from forming. Store the paraffin block at 4 .

Sectioning and mounting: Cut the paraffin block into pieces, each containing one tissue
sample. Trim the paraffin block, as close to the tissue mass as possible, to form a rectangle or
a slight trapezoid. Such trimming will prevent sectioning problems due to excess paraffin around
the tissue. To make transverse sections, orient the tissue at a right angle to a wooden tissue
block of which the face has been soaked in melted paraffin. Affix the paraffin block to the face
of the tissue block. Add a small amount of melted paraffin to the base of the paraffin block to

help form a tighter seal. Cool the block to 4 . 
Properly mount and adjust the tissue and paraffin block in a microtome. Use a sharp stainless-
steel microtome knife that has been properly honed. Set the microtome to cut sections 8–15
µm thick (10-µm thickness is optimal for most tissues). Cut individual or serial sections. Prepare
a microscope slide as follows. An adhesive may be prepared as a solution containing 1% of

gelatin and 0.5% of sodium benzoate that is heated to 30 –35  to dissolve the gelatin. Smear a
thin film of the adhesive so obtained onto the slide, allow to dry, rinse with a 4% solution of
formaldehyde TS, and add a small amount of water. Plate the cut sections upside down on the
slide, so that they float on water, and flood with a 4% solution of formaldehyde TS. The
sections will immediately spread out and wrinkles will disappear. 

Place the slide on a warming platform, maintained at 42 , to relax the sections. Pipet, and blot

the excess water and formaldehyde solution. Dry overnight in an oven at 42  to ensure
adherence of the tissue section to the slide.

Staining

Preparation for staining—Immerse the microscope slide with the affixed tissue twice into
xylene, each time for 10–15 min, to remove paraffin. Then immerse the slide into the following
sequence of solutions, leaving it in each solution for 5 min and taking care not to dislodge the
tissue: a mixture of dehydrated alcohol and xylene (1:1), dehydrated alcohol, alcohol, and a
70% alcohol solution. The tissue is bleached prior to staining if it is opaque because of the
presence of tannins or other ergastic materials. To bleach, dip the slide into a 1% potassium
permanganate solution for 1 min, rinse with water, dip into a 5% oxalic acid solution for 1 min,
and rinse thoroughly with water. The material is ready for staining. One of the following two
staining procedures is recommended for most botanical identification work. The first staining
procedure uses safranin O counterstained with fast green. An alternative staining procedure
uses safranin O counterstained with orange G.

Safranin O–fast green staining

Safranin O staining solution: Prepare a mixture of methoxyethanol, dehydrated alcohol, water,
and formaldehyde solution (50:25:25:2). Add a sufficient quantity of sodium acetate to obtain
a solution containing 1% of sodium acetate, and mix. Add a sufficient quantity of safranin O to
obtain a solution containing 1% of safranin O, and mix.
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Fast green staining solution: Prepare a mixture of methoxyethanol, dehydrated alcohol, and
methyl salicylate (1:1:1) containing 0.05% of fast green FCF.

Procedure: Once the tissue has been rehydrated to 70% alcohol as described in Preparation for
staining, immerse for 2–24 h, depending on the tissue, in Safranin O staining solution. Remove
excess stain by immersing the slide in water several times. Transfer the slide to an alcohol
solution containing 0.5% of picric acid for 2–10 s to further remove excess stain from the
section and to assist in differentiation of the tissue structures. To stop the action of the picric
acid, transfer the slide for 10 s to 1 min to an alcohol solution containing 4 drops of ammonium
hydroxide in each 100 mL of alcohol. Transfer the slide to dehydrated alcohol for 10 s. Visually
inspect the stained tissue under a microscope to see if further destaining with picric acid is
necessary. Counterstain for 10–15 s in Fast green staining solution. Transfer the slide through
two changes of a mixture of methyl salicylate, dehydrated alcohol, and xylene (2:1:1), each
change lasting for 5–10 s. Then transfer the slide to a mixture of xylene and dehydrated alcohol
(95:5) for 1 min. Transfer through two changes of xylene. Store in xylene until ready to mount
the coverslip. Chromosomes, nuclei, and lignified, cutinized, or suberized cell walls will be
stained red. Cytoplasm and cellulosic cell walls will be stained green to blue, depending on the
pH of the tissue.

Safranin O–orange G staining

Safranin O staining solution: Prepare a 0.004% solution of safranin O.

Orange G staining solution: Dissolve 2 g of orange G, 5 g of tannic acid, and 4 drops of
hydrochloric acid in water, and dilute with water to 100 mL.

Procedure: Once the tissue has been rehydrated to 70% alcohol as described in Preparation for
staining, sequentially transfer the slide through the series of solutions in Table 5.

Table 5

Solution Time

35% Alcohol 5 min
A filtered 2% zinc chloride solution 1 min
Water 5 s
Safranin O staining solution 5 min
Water 5 s
Orange G staining solution 1 min
Water 5 s
A filtered 5% tannic acid solution 5 min
Water 3 s
A 1% ferric ammonium sulfate solution 2 min
Water 15 s
45% Alcohol 10 s
90% Alcohol 10 s
Dehydrated alcohol 10 s
A mixture of dehydrated alcohol and xylene (1:1) 1–2 min

Finally, store in xylene until ready to mount the coverslip. Cellulosic cell walls will stain blue-
black, nuclei will stain yellow, starch grains will stain black, and lignified cell walls will stain red.
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Mounting the coverslip: The mounting of a coverslip over the tissue completes the
preparation of the slide. Canada balsam, diluted with a small portion of xylene, can be used as
an adhesive. Other mountants are also commercially available. Upon drying of the mountant,
the slide can then be examined under a microscope. The entire process of making permanent
microscope slides can be expected to take 5 or more days.

Scanning electron microscopy: Botanicals in commerce are often encountered in the form of
powder or in pieces, thus making authentication by the routine method of cross-sectioning of
the article difficult and often impossible. Structures such as xylem vessels and trachids may be
broken into smaller bits, making detection of pitting and lignifications on the walls difficult if not
impossible using an optical microscope. Structures that are resistant to these processes are
most useful in identification. Scanning electron microscopy (SEM) is useful for characterizing
the size and morphology of microscopic specimens. The more detailed differential
characteristics in the structure of trichomes and peculiar elements in the epidermis, along with
superficial granular material containing specific compounds, can be observed and identified with
SEM, which assists in the identification of particular species. SEM has been used extensively to
investigate surface topology of a wide variety of plant materials. It can play a vital role in
authentication of an entire botanical, those in powder form, distinguishing between closely
related species, and can be used to examine a mixture of powders. 
Introduction and general information about SEM as applied to pharmacopeial articles can be

found in general information chapter Scanning Electron Microscopy 1181 . 
SEM produces a higher resolution compared to that possible using an optical microscope, and
the images obtained are three-dimensional. SEM has the advantage of providing images with a
large depth of field, which allows a substantial thickness of the sample to be in focus at one
time. It allows the analysis of specimens as large as 50 mm, making it possible to produce
detailed topographical electron micrographs of an object clearly visible to the naked eye. The
maximum resolution for SEM (minimum distance by which the two objects can be separated and
observed as distinct objects) is 10–20 nm compared to 200–300 nm for optical microscopy.
Typical SEM magnification ranges from ×10 to ×300,000. Commercial SEM instruments also are
available with magnifications as low as ×5 and as high as ×2,000,000. In comparison, typical
modern optical microscopes have a magnification range of ×10 to ×2000. At low magnification,
images obtained with SEM provide more information than those of optical microscopy. SEM can
produce images for which contrast is based on compositional variations of specimens.

CHEMICAL IDENTIFICATION

To help ensure the authenticity of the article, chemical identification is performed in
conjunction with the botanical identification outlined previously. Chemical identification typically
employs chromatographic procedures to detect the presence of marker compounds specified in
the individual monograph. Spectroscopic or chromatographic profiles can be used to achieve
chemical identification by fingerprint comparison against that of a reference sample or
standard. Examples of spectroscopic methods include ultraviolet (UV), infrared (IR), and Fourier

transformed IR (see Spectrophotometric Identification Tests 197 ). Examples of
chromatographic methods include high-pressure liquid chromatography (HPLC), thin-layer
chromatography (TLC), two-dimensional-TLC, and gas chromatography (GC) (see

Chromatography 621 ). Analytical methods used for fingerprinting should be capable of
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detecting as many chemical constituents as possible. Multiple fingerprints, using a combination
of analytical methods with different separation principles and test conditions, may be useful. In
addition to the spectroscopic chromatographic methods, qualitative wet-chemistry methods
may also be specified in the individual monograph.

Chemotaxonomy

Chemotaxonomy is the classification of the plants based on their chemical constituents and it
may be useful in botanical articles identification. Metabolic compounds found within plant
tissues can be divided into two broad categories based on their functions. The first category
comprises primary metabolites—metabolites involved in the physiological plant processes that
are absolutely necessary for life and ubiquitous throughout the plant kingdom. These processes
include photosynthesis; respiration; and nucleic acid, protein, carbohydrate, and lipid
metabolism. The second category comprises secondary metabolites—compounds that are
thought not to be absolutely necessary for plant processes, although they may have important
functions in the plant's interactions with other organisms, such as allelopathic interactions; in
chemical defense against herbivores and plant pathogens; and in signaling to attract pollinating
and seed-dispersing animals. Many secondary metabolites are known to have pharmacological
activity. They are also the basis for the chemotaxonomy of plants. Secondary metabolites fall
into several different chemical classes such as nonprotein amino acids, flavonoids, xanthones,
coumarins, polyacetylenes, cyclic polyketides, monoterpenes, sesquiterpenes, iridoids,
triterpenes, sterols, nitrogen-containing terpenes, and alkaloids. These chemical classes are
not ubiquitous throughout the plant kingdom, but tend to be specific to certain botanical
classes, orders, and families. Moreover, many chemical subclasses and individual secondary
compounds are specific to certain subfamilies, genera, or species. It is these chemical
subclasses and individual compounds that can be used as marker compounds to aid in the
proper identification of plant material.

Active Principles and Marker Compounds

For chemical identification of botanical articles, extracts are prepared. Such extracts are
usually complex mixtures of several chemical constituents. For a large majority of botanical
extracts it is not known with certainty which of the various components is responsible for the
reported pharmacological effect. It is generally believed that several constituents act
synergistically to provide the reported effect. For articles for which compendial monographs are
provided, certain chemical constituents of the article are chosen and quantitative test
procedures for determining their content are provided. The choice of such constituents, known
generally as marker compounds, is based on certain considerations. Currently, the following
types of marker compounds are specified in compendial monographs and may be identified in
raw materials:

Active principles: These are constituents that have proven clinical activity. A minimum
content or range for the active principles is usually specified in the individual monograph. A
quantitative determination of active principles during stability studies of botanical dosage forms
provides necessary information for arriving at suitable expiration dates.

Active markers: These are constituents that have known pharmacological activity contributing
in some extent to efficacy. However, the clinical efficacy for these constituents may not be
proven. A minimum content or range for active markers is usually specified in individual
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monographs. A quantitative determination of active markers during stability studies of botanical
dosage forms provides necessary information for arriving at suitable expiration dates.

Analytical markers: Where neither defined active principles nor active markers are known,
other constituents of the botanical extract amenable to quantitative determination are chosen.
These markers aid in the positive identification of the article under test. In addition, maintaining
a minimum content or a specified range of the analytical markers helps to achieve
standardization of the plant extract and to arrive at a suitable expiration date during stability
studies.

Negative markers: These are constituents that may have allergenic or toxic properties,
rendering their presence in the botanical extract undesirable. For example, ginkgolic acids from
ginkgo belong to this category. A stringent limit for these negative markers may be specified in
individual monographs.

Use of USP Reference Articles

Reference articles are used to assist in the identification of marker compounds within the test
article. Reference articles are either USP Authenticated Reference Materials or USP Reference

Standards (see USP Reference Standards 11 ), whichever is specified in the individual
monograph. USP Reference Standards used to identify marker compounds in the test articles
may be a single purified chemical entity, a mixture of purified chemical entities, or a
standardized extract prepared from the authenticated plant article. USP Reference Standards
may also be used to quantitate marker compounds, as specified in the individual monograph. 
A pulverized test article undergoes a specified extraction procedure (see Methods of Extraction

in Botanical Extracts 565 ) and is prepared for chromatographic or wet-chemistry analysis. If
a USP Authenticated Reference Material is available, then it undergoes the same extraction
procedure as the test article. The test preparation and reference articles then undergo the
same chromatographic or wet-chemistry procedure specified in the individual monograph. The
response of the test preparation is compared to the response of reference articles to determine
the presence of the marker compounds in the test article.

Add the following:

DNA-BASED METHODS FOR AUTHENTICATION OF ARTICLES OF BOTANICAL ORIGIN

Because morphological identification often is not possible when the original plant material
consists of dried, cut and shifted, or processed plant parts or when the material consists only
of a whole, single plant part containing no taxonomic characters, additional identification
methods, such as DNA-based identification, often are required for these sample types. DNA-
based methods have been shown to be efficient in distinguishing genuine plant materials from
adulterants in complex botanical matrixes and can complement traditional botanical
identification methods that rely on morphological features or chemistry. In addition, DNA-based
methods often are more reliable than traditional methods, especially when applied to single-
organ specimens that lack diagnostic taxonomic characters, to powdered materials in which the
distinguishing characteristics are no longer visible, or when it is difficult to distinguish among
closely related or morphologically similar species.
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DNA Barcoding

DNA barcoding is a particular type of DNA sequence-based identification method that uses
short sequences of specific nuclear or plastid DNA loci for identification of plant species. The
assays rely on comparison of nucleotide sequences from a specific stretch of DNA (DNA
sequences or DNA barcode) to perform DNA sequence-based identification. Further, DNA-based
methods, such as next-generation sequencing (NGS) technologies, are able to identify multiple
species in a mixture, including expected and unexpected species.

Botanical Identification Using DNA (Sanger) Sequencing

The process for botanical identification using DNA (Sanger) sequencing includes marker
selection, DNA extraction, polymerase chain reaction (PCR) primers and amplification, DNA
sequencing, and comparison with reference materials, as described in the following sections.

See Nucleic Acid-Based Techniques—Extraction, Detection, and Sequencing 1126 , Nucleic

Acid-Based Techniques—Amplification 1127 , and Nucleic Acid-Based Techniques—

Genotyping 1129  for additional information.

MARKER SELECTION

The chosen sequence must be sufficiently specific to capture any potential primary and
adulterant species in the sample but also sufficiently universal to avoid false-negative reactions
for closely related species. For example, a species-specific primer is not appropriate for most
identification procedures because adulterants cannot be detected and amplification failure can
result because of either the absence of the species or degraded DNA. In many cases, a single
marker may be sufficient for identification, but multiple markers from different parts of the
genome (e.g., plastid or nuclear material) ensure that hybrids can be detected. Typically,
regions used for DNA sequence identification range from 100–1500 base pairs in length. Smaller
DNA fragments may be less susceptible to DNA degradation.

DNA EXTRACTION

Before amplification of the desired marker can be performed, the total genomic DNA must be
extracted. The suitability of a procedure for genomic extraction depends on the starting
material and the purity of the DNA required for downstream applications. The principal
procedures are described as follows, and several commercial kits are available to accommodate
different sample types and applications. 
Total genomic DNA must be extracted from ground plant material. Plant materials can be
homogenized manually using a mortar and pestle, mechanical grinder, or other apparatus
depending on the nature of the material. Total genomic DNA extraction and purification can be
challenging because of the abundance of secondary metabolites (polysaccharides, tannins,
essential oils, phenolics, alkaloids, and waxes) in many medicinal plant species. Some of the
secondary metabolites may coprecipitate with DNA during extraction and may inhibit further
enzymatic reactions, including restriction digestion and PCR. In particular, large amounts of
complex polysaccharides can make extraction of usable DNA impossible, rendering the aqueous
portion of the extract too viscous to allow efficient separation of DNA from the contaminating
polysaccharides. This type of contamination can lead to poor DNA yield and can prevent access
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by modifying enzymes. 
Numerous commonly used DNA extraction methods are appropriate for a wide range of fresh and
dried plant materials, including cetyl trimethylammonium bromide, silica-based methods, and a
variety of commercially available kits that use silica columns or glass-coated magnetic beads.
Although many of these methods work well on both fresh and dried materials and on any plant
part, those that are degraded or contain significant levels of secondary compounds or other
PCR inhibitors may require minor adjustments to standard extraction protocols.

PCR PRIMERS AND AMPLIFICATION

Typically, PCR primers are between 18 and 30 bases in length and amplify a region between 100
and 1500 base pairs in length. As noted, PCR primers may be universal, meaning they are
capable of amplifying all potential organisms that are present in a test sample (including fungi,
plants, and animals or an important and predicable subset), or they are taxon specific, meaning
they have been designed to amplify only organisms in a targeted set (i.e., family, genus,
species, or subspecies). A number of nuclear, mitochondrial, and plastid gene regions are used
for universal amplification, including nrITS, nrITS1, nrITS2, matK, rbcL, psbA–trnH intergenic
spacer, cox3, COI (also known as cox1), external transcribed spacer, 18S, 5S, trnL–trnF
intergenic spacer, and trnL intron. Taxon-specific primers may be designed on the basis of
proteins found in specific plant groups (e.g., the soy lectin gene found in soy) or by obtaining
sequences of any variable DNA region for the target taxon and designing primers that
specifically bind only to sequences from the taxon of interest.

DNA SEQUENCING

Most commonly, DNA sequencing is conducted using the Sanger protocol that has been
modified to use florescent dye terminators on a capillary electrophoresis apparatus, although a
number of emerging sequencing technologies [e.g., next-generation sequencing (NGS)] are now
taking root. Once fluorescent dye has been incorporated into the amplified DNA, the bases are
identified by their emission of light at different wavelengths. The resulting data are a
chromatogram that can be visualized and analyzed by several sequence-analysis computer
programs.

COMPARISON WITH REFERENCE MATERIALS

DNA sequences of test articles are compared to sequences obtained from multiple reference
materials in an aligned matrix (commonly referred to as an alignment), which allows the
sequences to be visually inspected to identify diagnostic nucleotide positions. Although
numerous computer programs are able to automate comparisons between sequences from test
articles and reference sequences, performance varies widely. Investigators should always
manually check the results suggested by computer programs to confirm identity. Positive
identifications are not possible when the sequences from test articles fall outside the range of
known variation represented in the reference sequences. If a sufficiently large number of
reference materials have been used to develop the assay, most test materials should be
identified without ambiguity based on DNA sequence data.

BRIEFING

659  Packaging and Storage Requirements, USP 36 page 280, and PF 39(4) [July–Aug.
2013]. On the basis of comments received during the publication of the PF 38(6) [Nov.–Dec.
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2012] revision proposal, the following edits are proposed.

(GCPS: D. Hunt.)
Correspondence Number—C123745

Comment deadline: November 30, 2013

659  PACKAGING AND STORAGE REQUIREMENTS

Delete the following:
 

Every monograph in the USP and NF shall have packaging and storage requirements. For the
packaging portion of the statement, the choice of containers is given in this chapter. For drug
product packaging requirements, definitions are provided to guide selection and adaptation. For
active pharmaceutical ingredients (APIs), the choice would be tight, well-closed or, where
needed, a light-resistant container. For excipients, given their typical presentation as large-
volume commodity items (containers ranging from drums to tank cars), a well-closed container
is an appropriate default. 
Where no specific directions or limitations are provided in the article’s labeling, articles shall be
protected from moisture, freezing, and excessive heat and, where necessary, from light during
shipping and distribution. Drug substances are exempt from this standard.

Change to read:

PACKAGING

Packaging must not interact physically or chemically with official articles in any way that
causes their safety, identity, strength, quality, or purity to fail to conform to requirements.
This chapter provides definitions of both packaging and storage. 
Packaging container choices are given in this chapter. For drug products and active

pharmaceutical ingredients (APIs), the container choices are tight, well-closed, or, where
needed, light-resistant. For excipients, given their typical presentation as large-volume
commodity items (containers ranging from drums to tank cars), a well-closed container is an
appropriate default. For articles other than drug substances and drug products, where no
specific directions or limitations are provided, articles shall be protected from moisture,
freezing, and excessive heat, and, where necessary, from light during shipping and distribution.

The compendial requirements for the use of specified containers apply also to articles as
packaged by the pharmacist or other dispenser, unless otherwise indicated in the individual
monograph.

Change to read:

GENERAL DEFINITIONS

Packaging system (also referred to as a container–closure system): The sum of packaging
components that together contain and protect the article. This includes primary packaging
components and secondary packaging components, if the latter is intended to provide
additional protection.

Container: A receptacle that holds an intermediate compound, active pharmaceutical
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ingredient, excipient, or dosage form and is
or may be

in direct contact with the articles.
The immediate container is that which is in direct contact with the article at all times. The

closure is a part of the container. Before being filled, the container should be clean. Special
precautions and cleaning procedures may be necessary to ensure that each container is clean
and that extraneous matter is not introduced into or onto the article.

Packaging component: Any single part of the package or container–closure system including
the container (e.g., ampuls, prefilled syringes, vials, bottles); container liners (e.g., tube
cartridge liners); closures (e.g., screw caps, stoppers); ferrules and overseals; closure liners;
inner seals; administration ports; overwraps; administration accessories; and labels.

Primary packaging component: Packaging components that are in direct contact or may
become in direct contact with the article.

Secondary packaging component: Packaging components that are not and will not be in
direct contact with the article. but may provide additional protection.

Tertiary packaging: Packaging components that are not in direct contact with the article but
facilitate the handling and transport in order to prevent damage from physical handling and
storage conditions to which the article is subjected.

Materials of construction: Refers to the materials (e.g., glass, plastic, elastomers, metal)
used to manufacture a packaging component.

Multiple-dose
container

(also referred to as multi-dose): A packaging system that permits withdrawal of successive
portions of an article for parenteral administration without changing the safety, strength,

quality, or purity of the remaining portion. See Multi-Dose Containers in Injections 1 ,

Determination of Volume of Injection in Containers Container Content for Injections 697 ,
Multi-Dose Containers

Multi-Dose Containers in Container Content for Injections 697 .

Multiple-unit
container:

A packaging system that permits withdrawal of successive portions of an article without
changing the safety, strength, quality, or purity of the remaining portion.

Single-unit
container:

A packaging system that holds a quantity of an article intended for administration as a single
dose or a single finished device intended for single use
use promptly after the container is opened. Preferably, the immediate container and/or the

outer container or protective packaging shall be so designed as to show evidence of any
tampering with the contents.

Single-dose
container:
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(see also Injections 1 , Containers for Injections) A single-unit package for an article
intended for parenteral administration. Examples of single-dose containers include prefilled
syringes, cartridges, fusion-sealed containers, and closure-sealed containers when so labeled.
A single-dose container is a container of sterile medication for parenteral administration

(injection or infusion) that is not required to meet the antimicrobial effectiveness testing
criteria. [Note—For this definition only, container is synonymous with packaging system and
container–closure system.] A single-dose container is designed for use with a single patient as
a single injection/infusion.1 A single-dose container is labeled as such and, when space permits,
should include appropriate discard instructions on the label. Examples of single-dose containers
are vials, ampuls, and prefilled syringes.

Unit-dose
container:

A single-unit packaging system for an article intended for administration by other than the
parenteral route as a single dose.

Unit-of-use
container:

A packaging system that contains a specific quantity of an article that is intended to be
dispensed as such without further modification except for the addition of appropriate labeling.
Unit-of-Use packaging may not be repackaged for sale.

Pharmacy bulk package: A container
packaging system

of a sterile preparation for parenteral use that contains many single doses. The contents are
intended for use in a pharmacy admixture program and are restricted to the preparation of
admixtures for infusion or, through a sterile transfer device, for the filling of empty sterile
syringes. 
After constitution, the closure shall be penetrated only one time
The closure shall be penetrated only one time after constitution, if necessary,

with a suitable sterile transfer device or dispensing set that allows measured dispensing of the
contents. The Pharmacy bulk package is to be used only in a suitable work area such as a
laminar flow hood (or an equivalent clean-air compounding area). 
Designation as a Pharmacy Bulk Package is limited to Injections, for Injection, or Injectable

emulsion as defined in Injections 1 , Nomenclature

Injection, for Injection, or Injectable Emulsion dosage forms as defined in Nomenclature 

1121 , General Nomenclature Forms.

Pharmacy bulk package, although containing more than one single dose, are exempt from the
multiple-dose container volume limit of 30 mL and the requirement that they contain a
substance or suitable mixture of substances to prevent the growth of microorganisms. Where a
container is offered as a Pharmacy Bulk Package, the label shall (a) state prominently
“Pharmacy Bulk Packages—Not for direct infusion,” (b) contain or refer to information on proper
techniques to help assure safe use of the product, and (c) bear a statement limiting the time
frame in which the container may be used once it has been entered, provided it is held under
the labeled storage conditions.

See Labeling 7  for labeling requirements.

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 84



Small-volume injections: A single-dose injection that is intended for intravenous use, and
An injection that

is packaged in containers labeled as containing 100 mL or less.

Large-volume injections: A single-dose
An

injection that is intended for intravenous use, and is packaged in containers labeled as
containing more than 100 mL.

Child-resistant
packaging:

A packaging system designed or constructed to meet Consumer Product Safety Commission
standards pertaining to opening by children (16 CFR § 1700.20).

Senior-friendly
packaging:

A packaging system designed or constructed to meet Consumer Product Safety Commission
standards pertaining to opening by senior adults (16 CFR § 1700.20).

Tamper-evident
packaging:

A packaging system that may not be accessed without obvious destruction of the seal or some
portion of the packaging system.
Tamper-evident packaging shall be used for a sterile article intended for ophthalmic or otic

use, except where extemporaneously compounded for immediate dispensing on prescription.
Articles intended for sale without prescription are also required to comply with the tamper-
evident packaging and labeling requirements of the FDA where applicable. Preferably, the
immediate container and/or the outer container or protective packaging used by a
manufacturer or distributor for all dosage forms that are not specifically exempt is designed so
as to show evidence of any tampering with the contents.

Hermetic container: A packaging system that is impervious to air or any other gas under the
ordinary or customary conditions of handling, shipment, storage, and distribution.

Tight
container:

A packaging system that protects the articles
contents

from contamination by extraneous liquids, solids, or vapors; from loss of the article; and from
efflorescence, deliquescence, or evaporation under the ordinary or customary conditions of

handling, shipment, storage, and distribution See Containers—Performance Testing 671 .
and is capable of tight reclosure. Where a tight container is specified, it may be replaced by a

hermetic container for a single dose of an article. [Note—Where packaging and storage in a
tight container or well-closed container is specified in the individual monograph, the container
used for an article when dispensed on prescription meets the requirements in Containers—

Performance Testing 671 .]

Well-closed
container:

A packaging system that protects the articles
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contents
from contamination by extraneous solids and liquids

and from loss of the article under the ordinary or customary conditions of handling, shipment,

storage, and distribution. See Containers—Performance Testing 671 .

Light-resistant
container:

A packaging system that protects
the contents

from the effects of light by virtue of the specific properties of the material of which it is
composed, including any coating applied to it. A clear and colorless or a translucent container
may be made light-resistant by means of an opaque covering or by use of secondary
packaging, in which case the label of the container bears a statement that the opaque
covering or secondary packaging is needed until the articles are to be used or administered.

See Containers—Performance Testing 671 , Light Transmission Test.
Where it is directed to “protect from light” in an individual monograph, preservation in a light-

resistant container is intended. See Containers—Performance Testing 671 , Light
Transmission Test.

Black closure system or black bands: The use of a black closure system on a vial (e.g., a
black cap overseal and a black ferrule to hold the elastomeric closure) or the use of a black
band or series of bands above the constriction on an ampul is prohibited, except for Potassium

Chloride for Injection Concentrate. See Labeling 7 .

Add the following:

INJECTION PACKAGING

Validation of container–closure integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, storage, shipment, and
distribution. Closures for multiple-dose packaging systems permit the withdrawal of the
contents without removal or destruction of the closure. The closure permits penetration by a
needle and, upon withdrawal of the needle, closes at once, protecting the contents against
contamination. Validation of the multiple-dose container–closure integrity must include
verification that such a package prevents microbial contamination or loss of product contents
under anticipated conditions of multiple entry and use. 
Piggyback packaging systems are usually intravenous infusion container–closure systems used
to administer a second infusion through a connector of some type or an injection port on the
administration set of the first fluid, thereby avoiding the need for another injection site on the
patient's body. Piggyback packaging systems also are known as secondary infusion containers. 
The volume of injection in a single-dose packaging system provides the amount specified for
one-time parenteral administration and in no case is more than sufficient to permit the
withdrawal and administration of 1 L. 
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
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only in single-dose packaging systems. 
Unless otherwise specified in the individual monograph, a multiple-dose packaging system
contains a volume of injection sufficient to permit the withdrawal of NMT 30 mL. 
The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:

1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions.

2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration.

Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1-L restriction. Injections labeled for veterinary use are exempt
from packaging and storage requirements concerning the limitation to single-dose packaging
systems and the limitation on the volume of multiple-dose containers.

Sterile solids packaging: Containers, including the closures, for dry solids intended for
injection do not interact physically or chemically with the preparation in any manner to alter
the strength, quality, or purity beyond the official requirements under the ordinary or
customary conditions of handling, shipment, storage, sale, and use. A packaging system for a
sterile solid permits the addition of a suitable solvent and withdrawal of portions of the resulting
solution or suspension in such manner that the sterility of the product is maintained. Where the
Assay in a monograph provides a procedure for the Sample solution, in which the total
withdrawable contents are to be withdrawn from a single-dose packaging system with a
hypodermic needle and syringe, the contents are to be withdrawn as completely as possible
into a dry hypodermic syringe of a rated capacity not exceeding three times the volume to be
withdrawn and fitted with a 21-gauge needle NLT 2.5 cm (1 inch) in length, with care being
taken to expel any air bubbles, and discharged into a container for dilution and assay.

MEDICAL GAS PACKAGING

Gas cylinder: A gas cylinder is a metallic packaging system constructed of steel or aluminum
designed to hold medical gases under pressure. Medical gases include Carbon Dioxide USP,
Helium USP, Medical Air USP, Nitric Oxide, Nitrous Oxide USP, Nitrogen NF, and Oxygen USP. As
a safety measure, for carbon dioxide, cyclopropane, helium, medical air, nitrous oxide, and
oxygen, the Pin-Index Safety System of matched fittings is recommended for cylinders of Size
E or smaller.

ASSOCIATED COMPONENTS

Many associated components are graduated for dose administration. It is the responsibility of
the manufacturer to ensure that the appropriate dosing component is provided or that a
general purpose component, such as those described in this section, is specified for delivering
the appropriate dose with the intended accuracy. The graduations should be legible and
indelible. 
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Graduated associated components described in this section are for general use. Graduated
markings should be legible, indelible, and on an extraoral nonproduct contact surface. Under
ideal conditions of use, the volume error incurred in measuring liquids for individual dose
administration by means of such graduated components should be NMT 10% of the indicated
amount of the liquid preparation with which the graduated component will be used. Few liquid
preparations have the same surface and flow characteristics. Therefore, the volume delivered
varies materially from one preparation to another. 
Polymers and ingredients added to polymers that are used in the fabrication of associated
components must conform to the requirements in the applicable sections of the Code of Federal
Regulations, Title 21, Indirect Food Additives.

Dosing cup: A measuring device consisting of a small cup that is packaged with oral liquid
articles or that may be sold and purchased separately.

Dosing spoon: A measuring device consisting of a bowl and a handle that is packaged with oral
liquid articles or that may be sold and purchased separately. The handle may be a graduated
tube.

Medicine dropper: A measuring device consisting of a transparent or translucent barrel or tube
that is generally fitted with a collapsible bulb. It is packaged with oral liquid articles or may be
sold and purchased separately. 
Droppers typically vary in capacity; however, the delivery end should be a round opening
having an external diameter of about 3 mm. The barrel may be graduated. [Note—Few medicinal
liquids have the same surface and flow characteristics as water, and therefore the size of
drops varies materially from one preparation to another.]

Oral syringe: A measuring device consisting of a plunger and barrel made of suitable rigid,
transparent or translucent plastic material and a seal on the end. It is packaged with oral liquid
articles or may be sold and purchased separately. The syringe should expel a measured amount
of a liquid article directly into the patient's mouth. Finger grips located at the open end of the
barrel should be the appropriate size, shape, and strength, and should allow the syringe to be
held securely during use. The barrel may be graduated.

Teaspoon: A measuring device consisting of a shallow bowl, oval or round, at the end of a
handle. A teaspoon has been established as containing 4.93 ± 0.24 mL. For the practice of
administering articles, the teaspoon may be regarded as representing a volume of 5 mL. 
Articles intended for administration by teaspoon should be formulated on the basis of dosage in
5-mL units, such that any component used to administer liquid articles should deliver 5 mL
wherever a teaspoon calibration is indicated. A household spoon is not an acceptable
alternative to the graduated teaspoon described herein.

POISON PREVENTION PACKAGING ACT (PPPA)

This act requires special packaging of most human oral prescription drugs, oral controlled drugs,
certain non-oral prescription drugs, certain dietary supplements, and many over-the-counter
(OTC) drug preparations in order to protect the public from personal injury or illness from misuse
of these preparations (16 CFR §1700.14). 
The immediate packaging of substances regulated under the PPPA must comply with the special
packaging standards (16 CFR §1700.15 and 16 CFR §1700.16) and applies to all packaging
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types including reclosable, nonclosable, and unit-dose types. 
Special packaging is not required either for drugs dispensed within a hospital setting for
inpatient administration or by manufacturers and packagers of bulk-packaged prescription drugs
repackaged by the pharmacist. PPPA-regulated prescription drugs may be dispensed in
nonchild-resistant packaging upon the request of the purchaser or when directed in a legitimate
prescription (15 U.S.C. §1473). 
Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one
size in nonchild-resistant packaging as long as popular-size, special packages are also supplied.
The nonchild-resistant packaging requires special labeling (16 CFR §1700.5).

Change to read:

STORAGE CONDITIONS

Specific directions are stated in some monographs with respect to storage conditions, e.g., the
temperature or humidity at which an article must be stored and shipped. Such directions apply,
except where the label on the article has different storage conditions that are based on
stability studies. Where no specific storage conditions are provided in the individual monograph,
but the label of an article states storage conditions based on stability studies, such labeled
storage directions apply. Current storage conditions for articles are defined by the following
terms.

Freezer: A place in which the temperature is maintained between 25  and 10  ( 13  and

14 F).

Refrigerator: A
cold

place in which the temperature is maintained between 2  and 8  (36  and 46 F).

Cold: Any temperature not exceeding 8  (46 F).

Cool: Any temperature between 8  and 15  (46  and 59 F). [Note—An article for which
storage in a cool place is directed may, alternatively, be stored and shipped as refrigerated,
unless otherwise specified by the individual monograph.]

Room temperature: The temperature prevailing in a work area.

Controlled room temperature: The temperature maintained
thermostatically that encompasses

at the usual and customary working environment of 20 –25  (68 –77 F). The following
conditions also apply. 

The mean kinetic temperature shall not exceed 25 . The mean kinetic temperature is a
calculated value that may be used as an isothermal storage temperature that simulates the
nonisothermal effects of storage temperature variations.

Mean kinetic temperature not to exceed 25 .

Excursions between 15  and 30  (59  and 86 F) that are experienced in pharmacies, hospitals,
and warehouses, and during shipping are allowed. provided
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Provided

the mean kinetic temperature does not exceed 25 , Transient
transient

spikes up to 40  are permitted as long as they do not last for more than
exceed

24 h. Spikes above 40  may be permitted only if the manufacturer so instructs. 

Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ,” or other
wording based on the same mean kinetic temperature. 
An article for which storage at Controlled Room Temperature is directed may, alternatively, be
stored and shipped in a cool place or refrigerated, unless otherwise specified in the individual
monograph or on the label.

Warm: Any temperature between 30  and 40  (86  and 104 F).

Excessive heat: Any temperature above 40  (104 F).

Dry place: The term “dry place” denotes a place that does not exceed 40% average relative

humidity at 20  (68 F) or the equivalent water vapor pressure at other temperatures. The
determination may be made by direct measurement at the place or may be based on reported
climatic conditions. Determination is based on NLT 12 equally spaced measurements that
encompass either a season, a year, or, where recorded data demonstrate, the storage period
of the article. There may be values of up to 45% relative humidity provided that the average
value does not exceed 40% relative humidity. Storage in a container validated to protect the
article from moisture vapor, including storage in bulk, is considered a dry place.

Protection from freezing: Where, in addition to the risk of breakage of the container, freezing
subjects an article to loss of strength or potency, or to destructive alteration of its
characteristics, the container label bears an appropriate instruction to protect the article from
freezing.

Protection from light: Where light subjects an article to loss of strength or potency, or to
destructive alteration of its characteristics, the container label bears an appropriate instruction
to protect the article from light.

1
  Exceptions may be considered only under conditions described in Pharmaceutical Compounding—Sterile

Preparations 797 .

BRIEFING

661  Containers—Plastics, USP 36 page 286. USP proposes the revision and
development of a suite of plastic packaging system standards in the current issue of PF.

General test chapter Containers—Plastics 661  is being revised and will be titled Plastic

Packaging Systems and Their Materials of Construction 661 . It will provide the testing
rationale for plastic materials of construction and packaging systems used for the
pharmaceutical industry. USP recognizes that the use of well-characterized materials to
construct a packaging system is a primary means of ensuring that the packaging system is
suited for its intended use because the properties and characteristics of the materials can be
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matched to the performance requirements of the packaging system. A second new general test

chapter Plastic Materials of Construction 661.1  will help determine whether a material is
deemed well characterized by establishing its:

1. Identity
2. Biocompatibility (biological reactivity)
3. General physicochemical properties
4. Additives
5. Extractable metals

Plastic packaging systems for pharmaceutical products must be suitable for their intended
uses. That is, the packaging system should adequately protect the pharmaceutical product, be
compatible with the pharmaceutical product, and be composed of materials that are safe for
use. From a chemical perspective, plastic packaging systems used in pharmaceutical
applications should be such that the ingredients of the pharmaceutical product are not
adsorbed onto the surface of the packaging system, are not absorbed into the body of the
packaging system, and do not migrate through the packaging system (compatibility). Further,
the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses
compatibility) or present a risk of toxicity (which addresses safety). A third general test

chapter, Plastic Packaging Systems for Pharmaceutical Use 661.2 , will provide test methods
and standards for plastic packaging systems. A workshop will be held December 9 and 10, 2013,
at USP headquarters in Rockville, MD, to discuss comments on the suite of packaging general
chapters and potential future revisions.

(GCPS: D. Hunt.)
Correspondence Number—C53138

Comment deadline: November 30, 2013

Change to read:

661  CONTAINERS—PLASTICS
PLASTIC PACKAGING SYSTEMS AND THEIR MATERIALS OF CONSTRUCTION

INTRODUCTION

It is the purpose of this chapter to provide standards for plastic materials and components
used to package medical articles (pharmaceuticals, biologics, dietary supplements, and

devices). Definitions that apply to this chapter are provided in 659  Packaging and Storage
Requirements. Standards and tests for the functional properties of containers and their

components are provided in general chapter Containers—Performance Testing 671 .

In addition to the standards provided herein, the ingredients added to the polymers, and those
used in the fabrication of the containers, must conform to the requirements in the applicable
sections of the Code of Federal Regulations, Title 21, Indirect Food Additives, or have been
evaluated by the FDA and determined to be acceptable substances for the listed use.

Plastic articles are identified and characterized by IR spectroscopy and differential scanning
calorimetry. Standards are provided in this chapter for the identification and characterization of
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the different types of plastic, and the test procedures are provided at the end of the chapter.
The degree of testing is based on whether or not the container has direct contact with the
drug product, and the risk is based on the route of administration.

Plastics are composed of a mixture of homologous polymers, having a range of molecular
weights. Plastics may contain other substances such as residues from the polymerization
process, plasticizers, stabilizers, antioxidants, pigments, and lubricants. These materials meet
the requirements for food contact as provided in the Code of Federal Regulations, Title 21.
Factors such as plastic composition, processing and cleaning procedures, surface treatment,
contacting media, inks, adhesives, absorption and permeability of preservatives, and conditions
of storage may also affect the suitability of a plastic for a specific use. Extraction tests are
designed to characterize the extracted components and identify possible migrants. The degree
or extent of testing for extractables of the component is dependent on the intended use and
the degree of risk to adversely impact the efficacy of the compendial article (drug, biologic,
dietary supplement, or device). Resin-specific extraction tests are provided in this chapter for
polyethylene, polypropylene, polyethylene terephthalate, and polyethylene terephthalate G.
Test all other plastics as directed for Physicochemical Tests in the section Test Methods.
Conduct the Buffering Capacity test only when the containers are intended to hold a liquid
product.

Plastic components used for products of high risk, such as those intended for inhalation,
parenteral preparation, and ophthalmics are tested using the Biological Tests in the section
Test Methods.

Plastic containers intended for packaging products prepared for parenteral use meet the
requirements for Biological Tests and Physicochemical Tests in the section Test Methods.
Standards are also provided for polyethylene containers used to package dry oral dosage forms
that are not meant for constitution into solution.

POLYETHYLENE CONTAINERS

Scope

The standards and tests provided in this section characterize containers and components,
produced from either low-density polyethylene or high-density polyethylene of either
homopolymer or copolymer resins that are interchangeably suitable for packaging dry oral
dosage forms not meant for constitution into solution. All polyethylene components are subject
to testing by IR spectroscopy and differential scanning calorimetry. Where stability studies
have been performed to establish the expiration date of a particular dosage form in the
appropriate polyethylene container, then any other polyethylene container meeting these
requirements may be similarly used to package such a dosage form, provided that the
appropriate stability programs are expanded to include the alternative container, in order to
ensure that the identity, strength, quality, and purity of the dosage form are maintained
throughout the expiration period.

Background

High-density and low-density polyethylene are long-chain polymers synthesized under
controlled conditions of heat and pressure, with the aid of catalysts from not less than 85.0%
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ethylene and not less than 95.0% total olefins. Other olefin ingredients that are most
frequently used are butene, hexene, and propylene. High-density polyethylene and low-density
polyethylene both have an IR absorption spectrum that is distinctive for polyethylene, and each
possesses characteristic thermal properties. High-density polyethylene has a density between
0.941 and 0.965 g per cm3. Low-density polyethylene has a density between 0.850 and 0.940
g per cm3. Other properties that may affect the suitability of polyethylene include modulus of
elasticity, melt index, environmental stress crack resistance, and degree of crystallinity after
molding.

High-Density Polyethylene

Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance in the section
Test Methods. The corrected spectrum of the specimen exhibits major absorption bands only at
the same wavelengths as the spectrum of USP High-Density Polyethylene RS.

Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis in the section
Test Methods. The thermogram of the specimen is similar to the thermogram of USP High-
Density Polyethylene RS, similarly determined, and the temperature of the endotherm (melt) in
the thermogram of the specimen does not differ from that of the USP Reference Standard by

more than 6.0 .

Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Physicochemical Tests under Test Methods, except that for each 20.0 mL of
Extracting Medium the portion shall be 60 cm2, regardless of thickness.

HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue under Physicochemical
Tests, except that the Blank shall be the same solvent used in each of the following test
conditions: the difference between the amounts obtained from the Sample Preparation and the

Blank does not exceed 12.0 mg when water maintained at a temperature of 70  is used as the

Extracting Medium; does not exceed 75.0 mg when alcohol maintained at a temperature of 70
is used as the Extracting Medium; and does not exceed 100.0 mg when hexanes maintained at

a temperature of 50  is used as the Extracting Medium.

Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.

Low-Density Polyethylene

Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance under Test
Methods. The corrected spectrum of the specimen exhibits major absorption bands only at the
same wavelengths as the spectrum of USP Low-Density Polyethylene RS.

Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis under Test
Methods. The thermogram of the specimen is similar to the thermogram of USP Low-Density
Polyethylene RS, similarly determined, and the temperature of the endotherm (melt) in the
thermogram of the specimen does not differ from that of the USP Reference Standard by more

than 8.0 .
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Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Sample Preparation in the section Physicochemical Tests under Test Methods,
except that for each 20.0 mL of Extracting Medium the portion shall be 60 cm2, regardless of
thickness.

HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue in the section
Physicochemical Tests under Test Methods, except that the Blank shall be the same solvent
used in each of the following test conditions: the difference between the amounts obtained
from the Sample Preparation and the Blank does not exceed 12.0 mg when water maintained at

a temperature of 70  is used as the Extracting Medium; does not exceed 75.0 mg when alcohol

maintained at a temperature of 70  is used as the Extracting Medium; and does not exceed

350.0 mg when hexanes maintained at a temperature of 50  is used as the Extracting Medium.

Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.

POLYPROPYLENE CONTAINERS

Scope

The standards and tests provided in this section characterize polypropylene containers,
produced from either homopolymers or copolymers, that are interchangeably suitable for
packaging dry solid and liquid oral dosage forms. Where suitable stability studies have been
performed to establish the expiration date of a particular dosage form in the appropriate
polypropylene container, then any other polypropylene container meeting these requirements
may be similarly used to package such a dosage form, provided that the appropriate stability
programs are expanded to include the alternative container, in order to ensure that the
identity, strength, quality, and purity of the dosage form are maintained throughout the
expiration period.

Background

Propylene polymers are long-chain polymers synthesized from propylene or propylene and other
olefins under controlled conditions of heat and pressure, with the aid of catalysts. Examples of
other olefins most commonly used include ethylene and butene. The propylene polymers, the
ingredients used to manufacture the propylene polymers, and the ingredients used in the
fabrication of the containers conform to the applicable sections of the Code of Federal
Regulations, Title 21. 
Factors such as plastic composition, processing and cleaning procedures, contacting media,
inks, adhesives, absorption, adsorption and permeability of preservatives, and conditions of
storage may also affect the suitability of a plastic for a specific use. The suitability of a
specific polypropylene must be established by appropriate testing. 
Polypropylene has a distinctive IR spectrum and possesses characteristic thermal properties. It
has a density between 0.880 and 0.913 g per cm3. The permeation properties of molded
polypropylene containers may be altered when reground polymer is incorporated, depending on
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the proportion of reground material in the final product. Other properties that may affect the
suitability of polypropylene used in containers for packaging drugs are the following: oxygen
and moisture permeability, modulus of elasticity, melt flow index, environmental stress crack
resistance, and degree of crystallinity after molding. The requirements in this section are to be
met when dry solid and liquid oral dosage forms are to be packaged in a container defined by
this section.

Infrared Spectroscopy—Proceed as directed for Multiple Internal Reflectance under Test
Methods. The corrected spectrum of the specimen exhibits major absorption bands only at the
same wavelengths as the spectrum of the respective USP Homopolymer Polypropylene RS or
copolymer polypropylene standard, similarly determined.

Differential Scanning Calorimetry—Proceed as directed for Thermal Analysis under Test
Methods. The temperature of the endotherm (melt) in the thermogram does not differ from that

of the USP Reference Standard for homopolymers by more than 6.0 . The temperature of the
endotherm obtained from the thermogram of the copolymer polypropylene specimen does not

differ from that of the copolymer polypropylene standard by more than 12.0 .

Heavy Metals and Nonvolatile Residue—Prepare extracts of specimens for these tests as
directed for Sample Preparation in the section Physicochemical Tests under Test Methods,
except that for each 20 mL of Extracting Medium the portion shall be 60 cm2, regardless of
thickness.

HEAVY METALS—Containers meet the requirements for Heavy Metals in the section
Physicochemical Tests under Test Methods.

NONVOLATILE RESIDUE—Proceed as directed for Nonvolatile Residue in the section
Physicochemical Tests under Test Methods, except that the Blank shall be the same solvent
used in each of the following test conditions: the difference between the amounts obtained
from the Sample Preparation and the Blank does not exceed 10.0 mg when water maintained at

a temperature of 70  is used as the Extracting Medium; does not exceed 60.0 mg when alcohol

maintained at a temperature of 70  is used as the Extracting Medium; and does not exceed

225.0 mg when hexanes maintained at a temperature of 50  is used as the Extracting Medium.
Containers meet these requirements for Nonvolatile Residue for all of the above extracting
media. [Note—Hexanes and alcohol are flammable. When evaporating these solvents, use a
current of air with the water bath; when drying the residue, use an explosion-proof oven. ]

Components Used in Contact with Oral Liquids—Proceed as directed for Buffering Capacity
in the section Physicochemical Tests under Test Methods.

POLYETHYLENE TEREPHTHALATE BOTTLES AND POLYETHYLENE TEREPHTHALATE G
CONTAINERS

Scope

The standards and tests provided in this section characterize polyethylene terephthalate (PET)
and polyethylene terephthalate G (PETG) bottles that are interchangeably suitable for
packaging liquid oral dosage forms. Where stability studies have been performed to establish
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the expiration date of a particular liquid oral dosage form in a bottle meeting the requirements
set forth herein for either PET or PETG bottles, any other PET or PETG bottle meeting these
requirements may be similarly used to package such a dosage form, provided that the
appropriate stability programs are expanded to include the alternative bottle in order to ensure
that the identity, strength, quality, and purity of the dosage form are maintained throughout
the expiration period. The suitability of a specific PET or PETG bottle for use in the dispensing
of a particular pharmaceutical liquid oral dosage form must be established by appropriate
testing.

Background

PET resins are long-chain crystalline polymers prepared by the condensation of ethylene glycol
with dimethyl terephthalate or terephthalic acid. PET copolymer resins are prepared in a similar
way, except that they may also contain a small amount of either isophthalic acid (not more
than 3 mole percent) or 1,4-cyclohexanedimethanol (not more than 5 mole percent).
Polymerization is conducted under controlled conditions of heat and vacuum, with the aid of
catalysts and stabilizers. 
PET copolymer resins have physical and spectral properties similar to PET and for practical
purposes are treated as PET. The tests and specifications provided in this section to
characterize PET resins and bottles apply also to PET copolymer resins and to bottles
fabricated from them. 
PET and PET copolymer resins generally exhibit a large degree of order in their molecular
structure. As a result, they exhibit characteristic composition-dependent thermal behavior,

including a glass transition temperature of about 76  and a melting temperature of about 250 .
These resins have a distinctive IR absorption spectrum that allows them to be distinguished
from other plastic materials (e.g., polycarbonate, polystyrene, polyethylene, and PETG resins).
PET and PET copolymer resins have a density between 1.3 and 1.4 g per cm3 and a minimum
intrinsic viscosity of 0.7 dL per g, which corresponds to a number average molecular weight of
about 23,000 Da. 
PETG resins are high molecular weight polymers prepared by the condensation of ethylene
glycol with dimethyl terephthalate or terephthalic acid and 15 to 34 mole percent of 1,4-
cyclohexanedimethanol. PETG resins are clear, amorphous polymers, having a glass transition

temperature of about 81  and no crystalline melting point, as determined by differential
scanning calorimetry. PETG resins have a distinctive IR absorption spectrum that allows them to
be distinguished from other plastic materials, including PET. PETG resins have a density of
approximately 1.27 g per cm3 and a minimum intrinsic viscosity of 0.65 dL per g, which
corresponds to a number average molecular weight of about 16,000 Da. 
PET and PETG resins, and other ingredients used in the fabrication of these bottles, conform to
the requirements in the applicable sections of the Code of Federal Regulations, Title 21,
regarding use in contact with food and alcoholic beverages. PET and PETG resins do not
contain any plasticizers, processing aids, or antioxidants. Colorants, if used in the manufacture
of PET and PETG bottles, do not migrate into the contained liquid.

Infrared Spectroscopy—Proceed as directed under Multiple Internal Reflectance in the
section Test Methods. The corrected spectrum of the specimen exhibits major absorption bands
only at the same wavelengths as the spectrum of USP Polyethylene Terephthalate RS, or USP
Polyethylene Terephthalate G RS, similarly determined.
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Differential Scanning Calorimetry—Proceed as directed under Thermal Analysis in the
section Test Methods. For polyethylene terephthalate, the thermogram of the specimen is
similar to the thermogram of USP Polyethylene Terephthalate RS, similarly determined: the
melting point (Tm) of the specimen does not differ from that of the USP Reference Standard by

more than 9.0 , and the glass transition temperature (Tg) of the specimen does not differ from

that of the USP Reference Standard by more than 4.0 . For polyethylene terephthalate G, the
thermogram of the specimen is similar to the thermogram of USP Polyethylene Terephthalate G
RS, similarly determined: the glass transition temperature (Tg) of the specimen does not differ

from that of the USP Reference Standard by more than 6.0 .

Colorant Extraction—Select three test bottles. Cut a relatively flat portion from the side wall
of one bottle, and trim it as necessary to fit the sample holder of the spectrophotometer.
Obtain the visible spectrum of the side wall by scanning the portion of the visible spectrum from
350 to 700 nm. Determine, to the nearest 2 nm, the wavelength of maximum absorbance. Fill
the remaining two test bottles, using 50% alcohol for PET bottles and 25% alcohol for PETG
bottles. Fit the bottles with impervious seals, such as aluminum foil, and apply closures. Fill a
glass bottle having the same capacity as that of the test bottles with the corresponding
solvent, fit the bottle with an impervious seal, such as aluminum foil, and apply a closure.

Incubate the test bottles and the glass bottle at 49  for 10 days. Remove the bottles, and
allow them to equilibrate to room temperature. Concomitantly determine the absorbances of the
test solutions in 5-cm cells at the wavelength of maximum absorbance (see Spectrophotometry

and Light–Scattering 851 ), using the corresponding solvent from the glass bottle as the
blank. The absorbance values so obtained are less than 0.01 for both test solutions.

Heavy Metals, Total Terephthaloyl Moieties, and Ethylene Glycol—

EXTRACTING MEDIA—

Purified Water—(see monograph).

50 Percent Alcohol—Dilute 125 mL of alcohol with water to 238 mL, and mix.

25 Percent Alcohol—Dilute 125 mL of 50 Percent Alcohol with water to 250 mL, and mix.

n-Heptane.

GENERAL PROCEDURE—[Note—Use an Extracting Medium of 50 Percent Alcohol for PET bottles
and 25 Percent Alcohol for PETG bottles. ] For each Extracting Medium, fill a sufficient number
of test bottles to 90% of their nominal capacity to obtain not less than 30 mL. Fill a
corresponding number of glass bottles with Purified Water, a corresponding number of glass
bottles with 50 Percent Alcohol or 25 Percent Alcohol, and a corresponding number of glass
bottles with n-Heptane for use as Extracting Media blanks. Fit the bottles with impervious
seals, such as aluminum foil, and apply closures. Incubate the test bottles and the glass

bottles at 49  for 10 days. Remove the test bottles with the Extracting Media samples and the
glass bottles with the Extracting Media blanks, and store them at room temperature. Do not
transfer the Extracting Media samples to alternative storage vessels.

HEAVY METALS—Pipet 20 mL of the Purified Water extract of the test bottles, filtered if
necessary, into one of two matched 50-mL color-comparison tubes, and retain the remaining
Purified Water extract in the test bottles for use in the test for Ethylene Glycol. Adjust the
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extract with 1 N acetic acid or 6 N ammonium hydroxide to a pH between 3.0 and 4.0, using
short-range pH paper as an external indicator. Dilute with water to about 35 mL, and mix. 
Into the second color-comparison tube, pipet 2 mL of freshly prepared (on day of use)

Standard Lead Solution (see Heavy Metals 231 ), and add 20 mL of Purified Water. Adjust
with 1 N acetic acid or 6 N ammonium hydroxide to a pH between 3.0 and 4.0, using short-
range pH paper as an external indicator. Dilute with water to about 35 mL, and mix. 
To each tube add 1.2 mL of thioacetamide–glycerin base TS and 2 mL of pH 3.5 Acetate Buffer

(see Heavy Metals 231 ), dilute with water to 50 mL, and mix: any color produced within 10
minutes in the tube containing the Purified Water extract of the test bottles does not exceed
that in the tube containing the Standard Lead Solution, both tubes being viewed downward
over a white surface (1 ppm in extract).

TOTAL TEREPHTHALOYL MOIETIES—Determine the absorbance of the 50 Percent Alcohol or 25
Percent Alcohol extract in a 1-cm cell at the wavelength of maximum absorbance at about 244

nm (see Spectrophotometry and Light–Scattering 851 ), using as the blank the
corresponding Extracting Medium blank: the absorbance of the extract does not exceed 0.150,
corresponding to not more than 1 ppm of total terephthaloyl moieties. 
Determine the absorbance of the n-Heptane extract in a 1-cm cell at the wavelength of

maximum absorbance at about 240 nm (see Spectrophotometry and Light-Scattering 851 ),
using as the blank the n-Heptane Extracting Medium: the absorbance of the extract does not
exceed 0.150, corresponding to not more than 1 ppm of total terephthaloyl moieties.

ETHYLENE GLYCOL—

Periodic Acid Solution—Dissolve 125 mg of periodic acid in 10 mL of water.

Dilute Sulfuric Acid—To 50 mL of water add slowly and with constant stirring 50 mL of sulfuric
acid, and allow to cool to room temperature.

Sodium Bisulfite Solution—Dissolve 0.1 g of sodium bisulfite in 10 mL of water. Use this solution
within 7 days.

Disodium Chromotropate Solution—Dissolve 100 mg of disodium chromotropate in 100 mL of
sulfuric acid. Protect this solution from light, and use within 7 days.

Standard Solution—Dissolve an accurately weighed quantity of ethylene glycol in water, and
dilute quantitatively, and stepwise if necessary, to obtain a solution having a known
concentration of about 1 µg per mL.

Test Solution—Use the Purified Water extract.

Procedure—Transfer 1.0 mL of the Standard Solution to a 10-mL volumetric flask. Transfer 1.0
mL of the Test Solution to a second 10-mL volumetric flask. Transfer 1.0 mL of the Purified
Water Extracting Medium to a third 10-mL volumetric flask. To each of the three flasks, add
100 µL of Periodic Acid Solution, swirl to mix, and allow to stand for 60 minutes. Add 1.0 mL of
Sodium Bisulfite Solution to each flask, and mix. Add 100 µL of Disodium Chromotropate
Solution to each flask, and mix. [Note—All solutions should be analyzed within 1 hour after
addition of the Disodium Chromotropate Solution. ] Cautiously add 6 mL of sulfuric acid to each
flask, mix, and allow the solutions to cool to room temperature. [Caution–Dilution of sulfuric
acid produces substantial heat and can cause the solution to boil. Perform this addition
carefully. Sulfur dioxide gas will be evolved. Use of a fume hood is recommended.] Dilute each
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solution with Dilute Sulfuric Acid to volume, and mix. Concomitantly determine the absorbances
of the solutions from the Standard Solution and the Test Solution in 1-cm cells at the
wavelength of maximum absorbance at about 575 nm (see Spectrophotometry and Light-

Scattering 851 ), using as the blank the solution from the Purified Water Extracting Medium:
the absorbance of the solution from the Test Solution does not exceed that of the solution
from the Standard Solution, corresponding to not more than 1 ppm of ethylene glycol.

TEST METHODS

Multiple Internal Reflectance

Apparatus—Use an IR spectrophotometer capable of correcting for the blank spectrum and
equipped with a multiple internal reflectance accessory and a KRS-5 internal reflection plate.1 A

KRS-5 crystal 2-mm thick having an angle of incidence of 45  provides a sufficient number of
reflections.

Specimen Preparation—Cut two flat sections representative of the average wall thickness of
the container, and trim them as necessary to obtain segments that are convenient for
mounting in the multiple internal reflectance accessory. Taking care to avoid scratching the
surfaces, wipe the specimens with dry paper or, if necessary, clean them with a soft cloth
dampened with methanol, and permit them to dry. Securely mount the specimens on both sides
of the KRS-5 internal reflection plate, ensuring adequate surface contact. Prior to mounting the
specimens on the plate, they may be compressed to thin uniform films by exposing them to

temperatures of about 177  under high pressures (15,000 psi or more).

General Procedure—Place the mounted specimen sections within the multiple internal
reflectance accessory, and place the assembly in the specimen beam of the IR
spectrophotometer. Adjust the specimen position and mirrors within the accessory to permit
maximum light transmission of the unattenuated reference beam. (For a double-beam
instrument, upon completing the adjustments in the accessory, attenuate the reference beam
to permit full-scale deflection during the scanning of the specimen.) Determine the IR spectrum
from 3500 to 600 cm–1 for polyethylene and polypropylene and from 4000 to 400 cm–1 for PET
and PETG.

Thermal Analysis

General Procedure—Cut a section weighing about 12 mg, and place it in the test specimen
pan. [Note—Intimate contact between the pan and the thermocouple is essential for
reproducible results. ] Determine the thermogram under nitrogen, using the heating and cooling
conditions as specified for the resin type and using equipment capable of performing the

determinations as specified under Thermal Analysis 891 .

For Polyethylene—Determine the thermogram under nitrogen at temperatures between 40

and 200  at a heating rate between 2  and 10  per minute followed by cooling at a rate

between 2  and 10  per minute to 40 .

For Polypropylene—Determine the thermogram under nitrogen at temperatures ranging from

ambient to 30  above the melting point. Maintain the temperature for 10 minutes, then cool to
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50  below the peak crystallization temperature at a rate of 10  to 20  per minute.

For Polyethylene Terephthalate—Heat the specimen from room temperature to 280  at a

heating rate of about 20  per minute. Hold the specimen at 280  for 1 minute. Quickly cool the

specimen to room temperature, and reheat it to 280  at a heating rate of about 5  per minute.

For Polyethylene Terephthalate G—Heat the specimen from room temperature to 120  at a

heating rate of about 20  per minute. Hold the specimen at 120  for 1 minute. Quickly cool the

specimen to room temperature, and reheat it to 120  at a heating rate of about 10  per
minute.

Biological Tests

The in vitro biological tests are performed according to the procedures set forth under

Biological Reactivity Test, In Vitro 87 . Components that meet the requirements of the in
vitro tests are not required to undergo further testing. No plastic class designation is assigned
to these materials. Materials that do not meet the requirements of the in vitro tests are not
suitable for containers for drug products. 
If a plastic class designation is needed for plastics and other polymers that meet the

requirements under Biological Reactivity Test, In Vitro 87 , perform the appropriate in vivo

test specified for Classification of Plastics under Biological Reactivity Test, In Vivo 88 .

Physicochemical Tests

The following tests, designed to determine physical and chemical properties of plastics and
their extracts, are based on the extraction of the plastic material, and it is essential that the
designated amount of the plastic be used. Also, the specified surface area must be available for
extraction at the designated temperature.

Testing Parameters—

Extracting Medium—Unless otherwise directed in a specific test below, use Purified Water (see

monograph) as the Extracting Medium, maintained at a temperature of 70  during the
extraction of the Sample Preparation.

Blank—Use Purified Water where a blank is specified in the tests that follow.

Apparatus—Use a water bath and the Extraction Containers as described under Biological

Reactivity Tests, In Vivo 88 . Proceed as directed in the first paragraph of Preparation of

Apparatus under Biological Reactivity Tests, In Vivo 88 . [Note—The containers and
equipment need not be sterile. ]

Sample Preparation—From a homogeneous plastic specimen, use a portion, for each 20.0 mL of
Extracting Medium, equivalent to 120 cm2 total surface area (both sides combined), and
subdivide into strips approximately 3 mm in width and as near to 5 cm in length as is practical.
Transfer the subdivided sample to a glass-stoppered, 250-mL graduated cylinder of Type I
glass, and add about 150 mL of Purified Water. Agitate for about 30 seconds, drain off and
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discard the liquid, and repeat with a second washing.

Sample Preparation Extract—Transfer the prepared Sample Preparation to a suitable extraction
flask, and add the required amount of Extracting Medium. Extract by heating in a water bath at

the temperature specified for the Extracting Medium for 24 hours. Cool, but not below 20 .
Pipet 20 mL of the prepared extract into a suitable container. [Note—Use this portion in the
test for Buffering Capacity. ] Immediately decant the remaining extract into a suitably cleansed
container, and seal.

Nonvolatile Residue—Transfer, in suitable portions, 50.0 mL of the Sample Preparation
Extract to a suitable, tared crucible (preferably a fused-silica crucible that has been acid-
cleaned), and evaporate the volatile matter on a steam bath. Similarly evaporate 50.0 mL of
the Blank in a second crucible. [Note—If an oily residue is expected, inspect the crucible
repeatedly during the evaporation and drying period, and reduce the amount of heat if the oil

tends to creep along the walls of the crucible. ] Dry at 105  for 1 hour: the difference between
the amounts obtained from the Sample Preparation Extract and the Blank does not exceed 15
mg.

Residue on Ignition 281 —[Note—It is not necessary to perform this test when the
Nonvolatile Residue test result does not exceed 5 mg. ] Proceed with the residues obtained
from the Sample Preparation Extract and from the Blank in the test for Nonvolatile Residue
above, using, if necessary, additional sulfuric acid but adding the same amount of sulfuric acid
to each crucible: the difference between the amounts of residue on ignition obtained from the
Sample Preparation Extract and the Blank does not exceed 5 mg.

Heavy Metals—Pipet 20 mL of the Sample Preparation Extract, filtered if necessary, into one
of two matched 50-mL color-comparison tubes. Adjust with 1 N acetic acid or 6 N ammonium
hydroxide to a pH between 3.0 and 4.0, using short-range pH paper as an external indicator,
dilute with water to about 35 mL, and mix. 
Into the second color-comparison tube pipet 2 mL of Standard Lead Solution (see Heavy Metals

231 ), and add 20 mL of the Blank. Adjust with 1 N acetic acid or 6 N ammonium hydroxide
to a pH between 3.0 and 4.0, using short-range pH paper as an external indicator, dilute with
water to about 35 mL, and mix. To each tube add 1.2 mL of thioacetamide–glycerin base TS

and 2 mL of pH 3.5 Acetate Buffer (see Heavy Metals 231 ), dilute with water to 50 mL, and
mix: any brown color produced within 10 minutes in the tube containing the Sample Preparation
Extract does not exceed that in the tube containing the Standard Lead Solution, both tubes
being viewed downward over a white surface (1 ppm in extract).

Buffering Capacity—Titrate the previously collected 20-mL portion of the Sample Preparation
Extract potentiometrically to a pH of 7.0, using either 0.010 N hydrochloric acid or 0.010 N
sodium hydroxide, as required. Treat a 20.0-mL portion of the Blank similarly: if the same titrant
was required for both the Sample Preparation Extract and the Blank, the difference between
the two volumes is not greater than 10.0 mL; and if acid was required for either the Sample
Preparation Extract or the Blank and alkali for the other, the total of the two volumes required
is not greater than 10.0 mL.

INTRODUCTION
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Systems constructed from plastic materials and components are used to package therapeutic
products (pharmaceuticals, biologics, dietary supplements and devices). Such systems and
their associated materials and components of construction are considered and defined in

Packaging and Storage Requirements 659 . The plastics used in packaging systems are
composed of homologous polymers with a range of molecular weights and contain additives
such as antioxidants, stabilizers, lubricants, plasticizers, colorants, and others. The nature and
amount of additives in the plastics used for packaging systems are dictated by the type of
polymer, the polymer's use, and the process used to convert the polymer into components,
containers, or packaging systems. 
Therapeutic products come into direct contact with packaging systems and their plastic
materials of construction as the product is manufactured, stored, and administered. Such
contact may result in an interaction between the therapeutic products and the packaging
systems and its materials or components of construction. These interactions must be such that
the suitability for use (including its safety and efficacy) of the therapeutic product and the
packaging systems is not adversely impacted by the interaction. Obtaining such a necessary
and desirable outcome is facilitated by the use of well-characterized plastic materials of
construction in components, containers, and packaging systems and by the appropriate testing
of packaging systems.

SCOPE

Establishing the suitability of plastic packaging systems for therapeutic products involves
multiple tests and testing procedures, as briefly outlined below:

Material screening: Characterization of a packaging system's materials of construction
to evaluate ingredients as probable extractables and tentative leachables. Such a
characterization facilitates the identification of materials that are suitable for use in
packaging systems.
Controlled extraction (simulation) study: Worst-case controlled extraction (simulation)
study to determine the extent to which extractables may become probable leachables
(for additional information, see Assessment of Extractables Associated with

Pharmaceutical Packaging/Delivery Systems 1663 )
Product assessment: Actual-case measurement of confirmed leachables (for additional
information, see Assessment of Drug Product Leachables Associated with

Pharmaceutical Packaging/Delivery Systems 1664 ).

The process of manufacturing a packaged therapeutic product is complex. Considering the
packaging system specifically, packaging systems typically consist of components that are
individually manufactured from plastic materials of construction. These individual plastic
materials of construction are initially generated from reagents that are reacted to produce a
base polymer, which is then compounded with various additives to produce a base resin.
Individual base resins are combined with additional additives and processing aids to form a
plastic material of construction. Testing of these plastic materials of construction to establish
that they are well characterized and suitable for use in packaging systems is within the scope

of this series of chapters and is addressed in Plastic Materials of Construction 661.1 .
Individual plastic materials of construction are combined to form components of the packaging
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system. The packaging system is completed by assembling its various components into its final
form. Testing of packaging systems to establish that they are suited for their intended uses is
within the scope of this series of chapters and is addressed in Plastic Packaging Systems for

Pharmaceutical Use 661.2 . Assembled packaging systems are filled to contain the
therapeutic product by various means and at various points in the packaging system
manufacturing process, thereby generating the packaged therapeutic product. Testing of
packaged therapeutic products to establish that they are suited for their intended uses is
addressed in compendial monographs relevant to the specific therapeutic product and falls
outside of the scope of this series of chapters.

1 The multiple internal reflectance accessory and KRS-5 plate are available from several sources, including
Beckman Instruments, Inc., 2500 Harbor Blvd., Fullerton, CA 92634, and from Perkin Elmer Corp., Main Ave.,
Norwalk, CT 06856.

BRIEFING

661.1  Plastic Materials of Construction. USP proposes the revision and the
development of a suite of plastic packaging system standards in the current Pharmacopeial

Forum. General test chapter Containers—Plastic 661  is being revised and will be titled

Plastic Packaging Systems and Their Materials of Construction 661  and will provide the
testing rationale for plastic materials of construction and packaging systems used for the
pharmaceutical industry. USP recognizes that the use of well-characterized materials to
construct a packaging system is a primary means of ensuring that the packaging system is
suited for its intended use because the properties and characteristics of the materials can be
matched to the performance requirements of the packaging system. Thus, new general chapter

Plastic Materials of Construction 661.1  will help determine whether a material is deemed
well-characterized by establishing its:

Identity
Biocompatibility (biological reactivity)
General physicochemical properties
Additives
Extractable metals.

Plastic packaging systems for pharmaceutical products must be suitable for their intended
use. That is, the packaging system should adequately protect the pharmaceutical product,
should be compatible with the pharmaceutical product, and should be composed of materials
that are safe for use. From a chemical perspective, plastic packaging systems used in
pharmaceutical applications should be such that the ingredients of the pharmaceutical product
are not adsorbed onto the surface of the packaging system, are not absorbed into the body of
the packaging system, and do not migrate through the packaging system (compatibility).
Further, the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses
compatibility) or to present a risk of toxicity (which addresses safety). The third general

chapter, Plastic Packaging Systems for Pharmaceutical Use 661.2 , will provide test methods
and standards for plastic packaging systems. Chapters Plastic Systems Used for Manufacturing

Pharmaceutical Products 661.3  and Plastic Medical Devices Used to Deliver or Administer

2S (USP37)

USP38

2S (USP37)

PF 39(5): Sep.-Oct. 2013 103



Pharmaceutical Products 661.4  will be proposed in the future and will address the
characterization of plastic materials used in the manufacturing process and medical devices.

A workshop will be held December 9 and 10, 2013 at USP in Rockville, Maryland, to discuss
comments on the suite of packaging general chapters and potential future revisions.

(GCPS: D. Hunt.)
Correspondence Number—C128727

Comment deadline: November 30, 2013

Add the following:

661.1  Plastic Materials of Construction

INTRODUCTION

Use of well-characterized materials to construct packaging systems is a primary means of
ensuring that the packaging system is suited for its intended use so the properties and
characteristics of the materials can be matched to the performance requirements of the
packaging system. For purposes of this chapter, a plastic material of construction is deemed to
be well characterized if the following apply:

Identity has been definitively established
Biocompatibility (biological reactivity) has been established
General physicochemical properties have been established
Additives and extractable metals have been quantified.

Considering additives, the sole purpose of this characterization is to specify individual additives
and to establish their amounts in the plastic material. A completely characterized material is
one in which all its relevant additives (for example, all additives above a certain amount) have
been specified and quantified by appropriate analytical testing. To this end, the test methods
and specifications contained within this chapter have been developed for general application to
commonly used plastic materials of construction of packaging systems. 
In view of the wide variety of materials and packaging systems available and recognizing
possible new developments in materials and packaging systems, it is possible that plastic
packaging systems could be constructed from materials that are not specifically addressed in
this chapter. In such situations, the lack of a published test method or specification does not
exclude the use of different materials of construction, subject to justification from the
manufacturer and agreement by the competent authority. For example, a packaging system
could include a material of construction that is not specifically addressed in this chapter, but
this fact does not preclude the material's use in the packaging system. However, such a
material must be characterized by methods equivalent in intent and performance to the
methods specified in this chapter. Thus the material of construction must be identified by
appropriate methodology, must be tested for biocompatibility by the methodology listed in this
chapter, must be tested for physicochemical properties by the methodology listed in this
chapter, must be tested for additives by an appropriate methodology, and must be tested for
relevant extracted metals by an appropriate methodology. 
Specifications must exist for such materials of construction and must be consistent with the
specifications listed in this chapter. Alternatively, individual plastic materials of construction are
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deemed to be well characterized and appropriate for use if they are used in a packaging system

that meets the relevant specifications in Plastic Packaging Systems for Pharmaceutical Use 

661.2 . Thus individual materials of construction are deemed to have met the relevant
specifications in the present chapter if the packaging system in which they are used meets the

relevant specifications of 661.2 , subject to agreement by the competent authority.
However, such a conclusion is valid only in the context of the specific packaging system that

meets the 661.2  specifications and cannot be extended to other packaging systems that
use the same material (or materials) of construction. Thus, a material of construction used in

one packaging system that meets the relevant specifications of 661.2  is deemed to have
met the specifications of the present chapter only for that one packaging system. If the same
material of construction is used in another packaging system, then its suitability for use in that
other packaging system must be established by another means (for example, the testing
specified in this chapter).

SCOPE

The purpose of this chapter is to provide test methods and standards for plastic materials of
construction used in packaging systems for therapeutic products. This section deals solely with
individual plastic materials and should not be applied to other packaging systems. The testing

and qualification of plastic packaging systems for pharmaceutical use is covered in 661.2 . 
This chapter contains tests, methods, and standards for the following materials: polyethylene,
polyolefins, polypropylene, polyethylene terephthalate, polyethylene terephthalate G, and
poly(vinyl chloride). Other plastic materials of construction can be used when their suitability
for use has been established by testing consistent with the general procedures and
specifications provided in this chapter.

TEST METHODS

Identification

The identification testing described in this chapter is required for all materials of construction
used in packaging systems, regardless of whether the material is specified in this chapter.
Whenever possible, the identification testing should be accomplished by the procedures
specified in this chapter (infrared spectrophotometry or thermal analysis). If these procedures
are not applicable for a particular material of construction, then a properly justified alternative
procedure can be used. 
Specifications must be established for materials that are not specified in this chapter, and such
specifications should be consistent with the specifications established for materials that are
specified in this chapter. 
The identities of materials of construction need be established by only one test procedure.

Infrared Spectrophotometry—See Spectrophotometry and Light-Scattering 851

Apparatus: Use an infrared spectrophotometer capable of correcting for the blank spectrum
and able to measure in transmission mode or equipped with an internal reflectance accessory
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and an appropriate internal reflectance plate.

Sample preparation

Transmission mode—Prepare a specimen of appropriate thickness (polyethylene about 250 µm;
polyolefins and polypropylene about 100 µm) without visible defects (cracks or holes). The
specimens can be compressed to form a thin uniform film by exposure to elevated temperatures
and pressures (2000 psi or more). The temperatures at which the thin films are generated
represent a trade-off between producing a melt (which dictates the lowest temperature
necessary) and degrading the sample (which dictates the highest temperature allowed). Table
1 provides recommended temperatures for plastic materials discussed in the chapter.

Internal reflectance mode—Prepare a flat section, and trim it as necessary to obtain a
segment that is convenient for mounting in the internal reflectance accessory. Taking care to
avoid scratching the surfaces, wipe the specimen with dry paper or, if necessary, with a soft
cloth dampened with methanol, and permit them to dry. Securely mount the specimen on the
internal reflection plate, ensuring adequate surface contact. Before mounting the specimen on
the plate, compress it to form a thin uniform film by exposure to elevated temperatures under
high pressure (2000 psi or more); see Table 1.

Procedure: Place the mounted specimen sections in the sample compartment of the infrared
spectrophotometer or the internal reflectance accessory, and place the assembly in the
specimen beam of the infrared spectrophotometer. For internal reflectance, adjust the
specimen position and mirrors within the accessory to permit maximum light transmission of the
unattenuated reference beam. (For a double-beam instrument, after completing the adjustment
in the accessory, attenuate the reference beam to permit full-scale deflection during the
scanning of the specimen.)

Table 1. Temperatures to Produce a Thin Film for Infrared Analysis

Polymer Type

Approximate Temperature
to Form a Thin Film
(Melt Temperature)

Polyethylene (PE) 140

Polyolefin (PO) 150

Polypropylene (PP) 180

Poly(vinyl chloride) (PVC) 150 –200

Polyethylene terephthalate G 220

Polyethylene terephthalate 250

Thermal Analysis—See Thermal Analysis 891

Sample preparation: Place about 12 mg of sample in the test specimen pan. [Note—Intimate
contact between the pan and the thermocouple is essential for reproducible results.] Determine
the thermogram under nitrogen, using heating/cooling conditions specified for the polymer type
and using equipment capable of performing the determinations as described in Thermal Analysis 

891 . Thermograms are obtained for the test materials and their associated USP Reference
Standards.
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Procedure

Polyethylene—Determine the thermogram under nitrogen at temperatures between 40  and 200

 at a heating range between 2  and 10  per min followed by cooling at a rate between 2  and

10  per min to 40 .

Polypropylene—Determine the thermogram under nitrogen at temperatures ranging from ambient

to 30  above the melting point. Maintain the temperature for 10 min; then cool to 50  below

the peak crystallization temperature at a rate of 10 –20  per min.

Polyolefin—Determine the thermogram under nitrogen at temperatures ranging from ambient to

30  above the melting point. Maintain the temperature for 10 min; then cool to 50  below the

peak crystallization temperature at a rate of 10 –20  per min.

Polyethylene terephthalate—Heat the specimen from room temperature to 280  at a heating

rate of about 20  per min. Hold the specimen at 280  for 1 min. Quickly cool the specimen to

room temperature, and reheat it to 280  at a heating rate of 5  per min.

Polyethylene terephthalate G—Heat the specimen from room temperature to 120  at a heating

rate of about 20  per min. Hold the specimen at 120  for 1 min. Quickly cool the specimen to

room temperature, and reheat it to 120  at a heating rate of 10  per min.

Poly(vinyl chloride)—Heat the specimen from 20  to 120  at a heating rate of about 10  per
min. Quickly cool the specimen to room temperature.

Other materials—Specimens shall be heated and cooled in a manner that are appropriate for
the test material and facilitates the generation of a useable thermogram.

Biological Reactivity

In vitro biological tests are performed according to the test procedures described in Biological

Reactivity Tests, In Vitro 87 . Plastic materials that do not meet the requirements of the in
vitro tests are not suitable for the construction of drug packaging systems. Plastic materials
that meet the requirements of the in vitro tests are not required to undergo further in vivo
testing, but if no in vivo testing is performed then the materials are not assigned a plastic
class. If a plastic class designation (Classes I–VI) is needed, perform the appropriate in vivo

tests specified in Classification of Plastics in Biological Reactivity Tests, In Vivo 88 .
Information about the appropriate plastic class that should be selected is provided in The

Biocompatibility of Materials Used in Drug Containers, Medical Devices, and Implants 1031 .
Because drug product packaging systems generally can be classified as “externally
communicating devices, blood path indirect,” materials of construction typically are tested
according to Class IV to Class VI standards, depending on and consistent with the contained
product's clinical conditions of use. 
The biological reactivity testing described above is required for all materials of construction
used in packaging systems, regardless of whether the material is specified in this chapter.
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Physicochemical Tests

The physicochemical testing described in this chapter is required for all materials of
construction used in packaging systems, regardless of whether the material is specified in this
chapter. Extraction conditions used for materials that are not specified in this chapter must be
established and should be consistent with the extraction conditions used for materials that are
specified in this chapter. Specifications must be established for materials that are not specified
in this chapter, and such specifications should be consistent with the specifications established
for materials that are specified in this chapter.

Extractions

Physiochemical testing of the plastic material requires that it be extracted or dissolved.
Different tests are facilitated by various extraction methods. Table 2 describes the extracts
that are generated and the tests that are performed on those extracts. Subsequent
discussions address methods for producing the extracts. Note that these extracts may be used
for tests other than the physicochemical tests.

Table 2. Extractions Performed for Various Chemical Tests

  Tests Performed with This Extracting Solution

Extraction
Extracting
Solution

Polyethylene,
Polyolefin,

Polypropylene

Polyethylene
Terephthalate,
Polyethylene
Terephthalate

G
Poly(Vinyl
Chloride)

S1 Water

Absorbance
Acidity/alkalinity Total
organic carbon

Absorbance
Acidity/alkalinity
Total organic
carbon

Absorbancea

Acidity/alkalinity
Total organic
carbon

S2 Toluene

Phenolic antioxidants,
nonphenolic antioxidants,
amides, and stearatesb

— —

S3 Acid
Extractable metals: Al,
Cr, Ti, V, Zn, and Zrc

Extractable metals:
Al, Ba, Co, Mn, Ti,
and Znc

Extractable
metals: Ba, Ca,
Cd, Sn, and Znc

S4 Alkali — Extractable metals:
Sb and Ge —

S5 Alcohol — Absorbance —
S6 Tetrahydrofuran — — Absorbanced

a  For both plasticized and nonplasticized poly(vinyl chloride).
b  Although this extract is suitable for use with these specific ingredient methods, such an
extract could be useful for other tests designed to establish a material's composition.
c  Extractable metals are listed in the appropriate sections of Pharm. Eur. Chapter 3.1.
d  For nonplasticized poly(vinyl chloride) only.

Water extraction: Solution S1

Polyethylene, polyolefins, and polypropylene—Place 25 g in a borosilicate glass flask with a
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ground-glass neck. Add 500 mL of Purified Water, and boil under reflux conditions for 5 h. Allow
to cool, and pass the solution through a sintered-glass filter. Use solution S1 within 4 h of
preparation.

Polyethylene terephthalate and polyethylene terephthalate G—Place 10 g in a borosilicate glass

flask with a ground-glass neck. Add 200 mL of Purified Water, and heat at 50  for 5 h. Allow to
cool, and decant the solution. Use solution S1 within 4 h of preparation.

Poly(vinyl chloride)—Place 25 g in a borosilicate glass flask. Add 500 mL of Purified Water, cover

the neck with aluminum foil or a borosilicate beaker, and heat in an autoclave at 121 ± 2  for
20 min. Allow the solution to cool and the solids to settle; then decant solution S1.

Toluene extraction: Solution S2

Polyethylene, polyolefins, and polypropylene—Place 2.0 g in a 250-mL borosilicate glass flask
with a ground-glass neck. Add 80 mL of toluene, and boil under a reflux condenser for 1.5 h,

stirring constantly. Allow to cool to 60 , and add with continued stirring 120 mL of methanol .
Pass the solution through a sintered-glass filter. Rinse the flask and the filter with 25 mL of a
mixture of 40 mL of toluene and 60 mL of methanol, add the rinsings to the filtrate, and dilute
with the same mixture of solvents to 250 mL. Prepare a blank solution.

Acid extraction: Solution S3

Polyethylene, polyolefins, and polypropylene—Place 100 g in a borosilicate glass flask with a
ground-glass neck. Add 250 mL of 0.1 N hydrochloric acid, and boil under a reflux condenser for
1 h with constant stirring. Allow to cool, and decant the solution.

Polyethylene terephthalate and polyethylene terephthalate G—Place 20 g in a borosilicate glass

flask with a ground-glass neck. Add 50 mL of 0.1 N hydrochloric acid, and heat at 50  for 5 h.
Allow to cool, and decant the solution. Use solution S3 within 4 h of preparation.

Poly(vinyl chloride)—Place 5 g in a borosilicate glass flask with a ground-glass neck. Add 100
mL of 0.1 N hydrochloric acid, and boil under a reflux condenser for 1 h with constant stirring.
Allow to cool and the solids to settle; then decant the solution.

Alkali extraction: Solution S4

Polyethylene terephthalate and polyethylene terephthalate G—Place 20 g in a borosilicate glass

flask with a ground-glass neck. Add 50 mL of 0.01 N sodium hydroxide, and heat at 50  for 5 h.
Allow to cool and the solids to settle; then decant the solution. Use solution S4 within 4 h of
preparation.

Alcohol extraction: Solution S5

Polyethylene terephthalate and polyethylene terephthalate G—Place 10 g in a borosilicate glass

flask with a ground-glass neck. Add 100 mL of alcohol, absolute, and heat at 50  for 5 h. Allow
to cool and the solids to settle; then decant the solution. Use solution S5 within 4 h of
preparation.

Tetrahydrofuran dissolution: Solution S6

Poly(vinyl chloride), nonplasticized materials only—Dissolve 5 g in 80 mL of tetrahydrofuran,
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and dilute with the same solvent to 100 mL . Filter, if necessary (the solution may remain
opalescent). To 20 mL of the solution add, dropwise, 70 mL of alcohol 96% with gentle shaking.
Cool in ice for 1 h. Filter or centrifuge. Wash the residue with alcohol 96%, add the washings to
the filtrate or centrifugation liquid, and dilute with alcohol 96% to 100 mL.

Tests on Extracts

Absorbance 

(See Spectrophotometry and Light-Scattering 851 .)

Polyethylene, polyolefins, and polypropylene—Determine the spectrum between 220 nm and 340
nm in solution S1.

Polyethylene terephthalate and polyethylene terephthalate G—Determine the spectrum
between 220 nm and 340 nm in solution S1. For colored polyethylene terephthalate, determine
the spectrum between 400 nm and 800 nm in solution S1. Determine the spectrum between 400
nm and 800 nm in solution S5.

Poly(vinyl chloride)—Evaporate 100 mL of solution S1 to dryness. Dissolve the residue in 5 mL of
hexane. Filter, if necessary, through a filter previously rinsed with hexane. Determine the
spectrum between 250 nm and 310 nm in the reconstituted solution S1. Determine the
spectrum between 250 nm and 330 nm in the reconstituted solution S6 (where applicable).

Acidity or alkalinity

Polyethylene, polyolefins, and polypropylene—To 100 mL of solution S1 add 0.15 mL of BRP
Indicator Solution. Determine the volume of 0.01 N sodium hydroxide required to change the
color of the indicator to blue. To a separate 100 mL of solution S1 add 0.2 mL of Methyl Orange
Solution. Determine the volume of 0.01 N hydrochloric acid required to reach the beginning of
the color change of the indicator from yellow to orange.

Polyethylene terephthalate and polyethylene terephthalate G—To 50 mL of solution S1 add 0.15
mL of BRP indicator solution. Determine the volume of 0.01 N sodium hydroxide required to
change the color of the indicator to blue. To a separate 50 mL of solution S1 add 0.2 mL of
Methyl orange solution. Determine the volume of 0.01 N hydrochloric acid required to reach the
beginning of the color change of the indicator from yellow to orange.

Poly(vinyl chloride)—To 100 mL of solution S1 add 0.15 mL of BRP indicator solution. Determine
the volume of 0.01 N sodium hydroxide required to change the color of the indicator to blue. To
100 mL of solution S1 add 0.2 mL of Methyl orange solution. Determine the volume of 0.01 N
hydrochloric acid required to reach the beginning of the color change of the indicator from
yellow to orange.

BRP indicator solution—1.0 mg/mL of bromophenol blue, 0.2 mg/mL of methyl red, and 0.2
mg/mL of phenolphthalein in alcohol. Filter the solution.

Methyl orange solution—Dissolve 100 mg of methyl orange in 80 mL of Purified Water, and dilute
to 100 mL with alcohol R. Test for sensitivity: Add 0.1 mL of Methyl orange solution to 100 mL
of carbon dioxide–free Purified Water. NMT 0.1 mL of 1 N hydrochloric acid is required to
change the color from yellow to red.

Organic extractables—total organic carbon 

(See Total Organic Carbon 643 .) 
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The total organic carbon (TOC) content of solution S1 is measured according to the general

methodologies outlined in Total Organic Carbon 643 . However, although 643  is designed
for the testing of high-purity water with low TOC values, material extracts may have TOC
values that are higher than those of purified water because of extracted organic substances.
Thus, the TOC analyses performed should have a limit of detection of 0.2 mg/L (ppm) and
should have a demonstrated linear dynamic range from 0.2–20 mg/L. A linear range with a
higher upper concentration can be used if linearity is established. If sample extracts exceed
this upper linear range limit, then they must be appropriately diluted for analysis.

Extractable Metals

The Extractable Metals testing described in this chapter is required for all materials of
construction used in packaging systems, regardless of whether the material is specified in this
chapter. Extraction conditions used for materials that are not specified in this chapter must be
established and should be consistent with the extraction conditions used for materials that are
specified in this chapter. Specifications must be established for materials that are not specified
in this chapter; such specifications should be consistent with the specifications established for
materials that are specified in this chapter. Specifically, all materials must be tested for those
extractable metals listed in Table 2 and all specifications for all materials must be derived in the
same mathematical manner as the specifications listed in this chapter.

Instrument

Instrumentation and methods are those specified in Elemental Impurities—Procedures 233
and include an inductively coupled plasma–atomic emission spectrometer, an inductively

coupled plasma–mass spectrometer (see Plasma Spectrochemistry 730 ), or atomic

absorption spectrometer (see 851 ), as directed.

Procedure

Plastic materials used in packaging systems for medical articles do not dissolve under the
conditions of use. Rather, substances derived from packaging systems accumulate in the
packaged articles by the process of leaching (extraction). Thus the appropriate and relevant
sample-preparation process for assessing elemental impurities in a packaging system's materials
of construction is extraction, as opposed to complete digestion, of the plastic material.
Solutions S3 (acidic extraction) and S4 (alkaline extraction) prepared for the Physiochemical
Tests (Table 2) are the material extracts that are tested for extractable metals.

Characterization

A well-characterized plastic material is tested for its extractable levels of all metals that are
known components of the plastic material, arising from the starting materials used to
manufacture the plastic material, from reagents used in the manufacturing process (e.g.,
catalysts) and from additives present in the plastic materials. Such metals are termed relevant
metals. The Extractable Metals testing described in this chapter is required for all materials of
construction used in packaging systems, regardless of whether the material is specified in this
chapter. Procedures for materials that are not specified in this chapter must be established and
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should be consistent with the procedures used for materials that are specified in this chapter.
Specifications must be established for materials that are not specified in this chapter; such
specifications should be consistent with the specifications established for materials that are
specified in this chapter. Similarly, procedures for relevant metals that are not specified in this
chapter must be established and should be consistent with the procedures used for metals that
are specified in this chapter. Specifications must be established for relevant metals that are
not specified in this chapter; such specifications should be consistent with the specifications
established for metals that are specified in this chapter.

Plastic Additives

The plastic additives testing described in this chapter is required for all materials of
construction used in packaging systems, regardless of whether the material is specified in this
chapter. Procedures for materials that are not specified in this chapter must be established and
should be consistent with the procedures used for materials that are specified in this chapter.
Specifications must be established for materials that are not specified in this chapter; such
specifications should be consistent with the specifications established for materials that are
specified in this chapter. 
Additionally, it is possible that materials specified in the chapter may contain additives that are
not addressed in this chapter. These materials must be tested for such additives. Procedures
for additives that are not specified in this chapter must be established and should be
consistent with the procedures used for materials that are specified in this chapter.
Specifications must be established for additives that are not specified in this chapter; such
specifications should be consistent with the specifications established for materials that are
specified in this chapter.

Procedure

The sole purpose of the tests for plastic additives is to establish which additives are present
and to ensure that these additives are present only in acceptable amounts. This information is
relevant because additives are typically a source of extractables and leachables. The test
methods in this chapter are appropriate for these tasks as evidenced by their longstanding
inclusion in the compendia, and thus they reflect acceptable practices. Other methods may be
equally suitable. The recommendation of specific tests, test methods, and test parameters
does not preclude the use of other suitable methods and procedures, but the conditions
presented in this chapter take precedence for official purposes. Alternative test methods and
conditions must be demonstrated to be suitable by means of appropriate and sufficient
validation data. Important aspects of alternative methods include the completeness of the
extraction process and the specificity, sensitivity, and applicability of the analytical test
methods. Extraction methods employed must have a demonstrated ability to quantitatively
transfer additives from the material to the extracting medium and must do so without modifying
the chemical nature of the additive unless such modification is an integral part of the test
methodology. Test methods employed must have equivalent ability compared to the test
methods contained in this chapter to produce a clear and unambiguous identification of all
relevant additives at levels at least as low as the levels specified in this chapter.

Polyethylene, Polyolefins, and Polypropylene
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These tests should be carried out whole or in part only if required because of the stated
composition of the material.

Phenolic antioxidants: See Chromatography 621 , Liquid Chromatography.

Preparations

Solvent mixture: Acetonitrile and tetrahydrofuran (50:50, v/v)

Test solution S7: Evaporate 50 mL of solution S2 to dryness under vacuum at 45 . Dissolve
the residue with 5.0 mL of the Solvent mixture. Prepare a blank solution from the blank solution
corresponding to solution S2.

Test solution S8: Evaporate 50 mL of solution S2 to dryness under vacuum at 45 . Dissolve
the residue with 5.0 mL of methylene chloride. Prepare a blank solution from the blank solution
corresponding to solution S2.

Test solution S9 (polyolefins only): Evaporate 50 mL of solution S2 to dryness under vacuum

at 45 . Dissolve the residue in 5.0 mL of a mixture of equal volumes of acetonitrile and a 10 g/L
solution of tert-butylhydroperoxide in tetrahydrofuran. Close the flask, and allow to stand for 1
h. Prepare a blank solution using the blank of solution S2.

Of the following reference solutions, prepare only those that are necessary for the analysis of
the phenolic antioxidants stated in the composition of the substance to be examined.

Reference solution (a): 0.1 mg/mL of USP Butylated Hydroxytoluene RS and 0.24 mg/mL of
USP Ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-hydroxyphenyl]butanoate] RS (Plastic
Additive 1) in Solvent mixture

Reference solution (b): 0.24 mg/mL of USP Pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)proprionate] RS (Plastic Additive 2) and 0.24 mg/mL of USP 2,2¢,2¢¢,6,6¢,6¢¢-
Hexa-tert-butyl-4,4¢,4¢¢,-[(2,4,6-trimethyl-1,3,5-benzene-triyl)trismethylene]triphenol RS
(Plastic Additive 1) in Solvent mixture

Reference solution (c): 0.24 mg/mL of USP Octadecyl 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)proprionate RS (Plastic Additive 4) and 0.24 mg/mL of USP Tris(2,4-di-tert-
butylphenyl) phosphite RS (Plastic Additive 5) in methylene chloride

Reference solution (d): 0.1 mg/mL of USP Butylated Hydroxytoluene RS in Solvent mixture

Reference solution (e): 0.24 mg/mL of USP Ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-
hydroxyphenyl]butanoate] RS (Plastic Additive 1) in Solvent mixture

Reference solution (f): 0.24 mg/mL of USP 1,3,5-Tris(3,5-di-tert-butyl-4-hydroxybenzyl)-s-
triazine-2,4,6(1H,3H,5H)-trione RS (Plastic Additive 6) in Solvent mixture

Reference solution (g): 0.24 mg/mL of USP Pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)proprionate RS (Plastic Additive 2) in Solvent mixture

Reference solution (h): 0.24 mg/mL of USP 2,2¢,2¢¢,6,6¢,6¢¢-hexa-tert-butyl-4,4¢,4¢¢-[(2,4,6-
trimethyl-1,3,5-benzene-triyl)trismethylene]triphenol RS (Plastic Additive 3) in Solvent mixture

Reference solution (i): 0.24 mg/mL of USP Octadecyl 3-(3,5-di-tert-butyl-4-
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hydroxyphenyl)proprionate RS (Plastic Additive 4) in methylene chloride

Reference solution (j): 0.24 mg/mL of USP Tris(2,4-di-tert-butylphenyl) phosphite RS (Plastic
Additive 5) in methylene chloride

Reference solution (k): Dissolve 20.0 mg of USP Tris(2,4-di-tert-butylphenyl) Phosphite
Reaction Products in 10.0 mL of a mixture of equal volumes of acetonitrile and a 10 g/L solution
of tert-butylhydroperoxide in tetrahydrofuran. Close the flask, and allow to stand for 1 h. Dilute
2.0 mL of the solution with the Solvent mixture to 50.0 mL.

A. Analysis if the substance to be examined contains additive butylated hydroxytoluene
and/or additive ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-
hydroxyphenyl]butanoate]

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Column: 4.6-mm × 25-cm; 5-µm packing L1

Mobile phase: Purified Water and acetonitrile (30:70, v/v)

Flow rate: 2 mL/min

Injection: 20 µL of test solution S7, corresponding blank solution and reference solution (a),
and either reference solution (d) or (e), or reference solutions (d) and (e)

Detection: UV at 280 nm

Run time: 30 min

System suitability

Resolution: Minimum 8.0 between the peaks caused by additive butylated hydroxytoluene and
additive ethylene bis[3,3-bis[3-(1,1-dimethylethyl)-4-hydroxyphenyl]butanoate] in the
chromatogram obtained with reference solution (a) 
The chromatogram corresponding to test solution S7 shows only peaks caused by antioxidants
stated in the composition and minor peaks that also appear in the chromatogram and
correspond to the blank solution.

Data analysis: The areas of the peaks in the chromatogram obtained with test solution S7 are
less than the areas of the corresponding peaks in the chromatograms obtained with reference
solutions (d) or (e).

B. Analysis if the substance to be examined contains one or more of the following
antioxidants

— pentaerythrityl tetrakis[3-(3,5-di-tert-butyl-4-hydroxyphenyl)proprionate 
— 2,2¢,2¢¢,6,6¢,6¢¢-hexa-tert-butyl-4,4¢,4¢¢-[(2,4,6-trimethyl-1,3,5-benzene-
triyl)trismethylene]triphenol 
— octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)proprionate 
— tris(2,4-di-tert-butylphenyl) phosphite 
— 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-s-triazine-2,4,6(1H,3H,5H)-trione
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Chromatographic system: Proceed as directed in A with the following modifications:

Mobile phase: Purified Water, tetrahydrofuran, and acetonitrile (10:30:60, v/v/v)

Flow rate: 1.5 mL/min

Injection: 20 µL of test solution S7, 20 µL corresponding blank solution, reference solution (b)
and any reference solutions of antioxidants listed above that are stated in the composition

Detection: UV at 280 nm

System suitability

Resolution: Minimum 2.0 between the peaks due to additive pentaerythrityl tetrakis[3-(3,5-
di-tert-butyl-4-hydroxyphenyl)proprionate and additive 2,2¢,2¢¢,6,6¢,6¢¢-hexa-tert-butyl-
4,4¢,4¢¢-[(2,4,6-trimethyl-1,3,5-benzene-triyl)trismethylene]triphenol in the chromatogram
obtained with reference solution (b) 
The chromatogram corresponding to test solution S7 shows only peaks caused by antioxidants
stated in the composition and minor peaks that also appear in the chromatogram and
correspond to the blank solution.

Data analysis: The areas of the peaks in the chromatogram obtained with test solution S21
are less than the areas of the corresponding peaks in the chromatograms obtained with
reference solutions of the antioxidants that are on the list above and that are stated in the
composition.

C. Analysis if the substance to be examined contains additive octadecyl-3-(3,5-di-tert-
butyl-4-hydroxyphenyl)proprionate and/or additive tris(2,4-di-tert-butylphenyl)
phosphite

Chromatographic system: Proceed as directed in A with the following modifications:

Mobile phase: Purified Water, 2-propanol, and methanol (5:45:55, v/v/v)

Flow rate: 1.5 mL/min

Injection: 20 µL of test solution S8, 20 µL corresponding blank solution, reference solution (c)
and either reference solution (i) or (j) or reference solutions (i) and (j)

Detection: UV at 280 nm

System suitability

Resolution: Minimum 2.0 between the peaks due to additive octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)proprionate and additive tris(2,4-di-tert-butylphenyl) phosphite in the
chromatogram obtained with reference solution (c) 
The chromatogram corresponding to test solution S8 shows only peaks due to antioxidants
stated in the composition and minor peaks that also appear in the chromatogram and
correspond to the blank solution.

Data analysis: The areas of the peaks in the chromatogram obtained with test solution S8 are
less than the areas of the corresponding peaks in the chromatograms obtained with reference
solutions (i) or (j).

D. Analysis if the substance to be examined contains any of the mixture of seven
products corresponding to reaction products of di-tert-butyl phsophonite (polyolefins
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only)

Chromatographic system: Proceed as directed in A with the following modifications:

Column: 4.6-mm × 25-cm; 5-µm packing L1

Mobile phase: Tetrahydrofuran and acetonitrile (20:80, v/v)

Flow rate: 1.5 mL/min

Detection: Spectrophotometer at 270 nm

Injection: 20 µL of test solution S9, 20 µL corresponding blank solution, and reference solution
(k).

System suitability

Resolution: Minimum 6.0 between the in 2 principal peaks (approximate retention times of 3.5
and 5.8 min) in the chromatogram obtained with reference solution (k) 
The chromatogram corresponding to test solution S9 shows only peaks due to antioxidants
stated in the composition and minor peaks that also appear in the chromatogram and
correspond to the blank solution.

Data analysis: The areas of the peaks in the chromatogram obtained with test solution S9 are
less than the areas of the corresponding peaks in the chromatograms obtained with reference
solution (k).

Nonphenolic antioxidants: (See Chromatography 621 , Thin-Layer Chromatography.)

Preparations

Test solution S10: Evaporate 100 mL of solution S2 to dryness under vacuum at 45 . Dissolve
the residue with 2 mL of methylene chloride, acidified.

Reference solution (l): 6.0 mg/mL mg of USP 2,2¢-Bis(octadecyloxy)-5,5¢-spirobil[1,3,2-
dioxaphophinane] RS (Plastic Additive 7) in methylene chloride. Dilute 2 mL of the solution with
acidified methylene chloride to 10 mL.

Reference solution (m): 6.0 mg/mL of USP Dioctadecyl Disulfide RS (Plastic Additive 8) in
methylene chloride. Dilute 2 mL of the solution with acidified methylene chloride to 10 mL.

Reference solution (n): 6.0 mg/mL of USP Didodecyl 3,3¢-thiodiproprionate RS (Plastic Additive
9) in methylene chloride. Dilute 2 mL of the solution with acidified methylene chloride to 10 mL.

Reference solution (o): 6.0 mg/mL of USP Dioctadecyl 3,3¢-thiodiproprionate RS (Plastic
Additive 10) in methylene chloride. Dilute 2 mL of the solution with acidified methylene chloride
to 10 mL.

Reference solution (p): 6.0 mg/mL of USP Didodecyl 3,3¢-thiodiproprionate RS (Plastic Additive
9) and 6.0 mg/mL of USP Dioctadecyl 3,3¢-thiodiproprionate RS (Plastic Additive 10) in
methylene chloride. Dilute 2 mL of the solution with acidified methylene chloride to 10 mL.

Methylene chloride, acidified: To 100 mL of methylene chloride, add 10 mL of hydrochloric
acid, shake, allow to stand, and separate the 2 layers. Use the lower layer.

Analysis
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Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Plate: TLC silica gel GF254

Mobile phase A: Hexane

Mobile phase B: Methylene chloride

Application: 20 µL of test solution S10, reference solution (o) and the reference solutions
corresponding to all the phenolic and nonphenolic antioxidants mentioned in the type
composition of the material to be examined

Development A: Over a path of 18 cm; dry in air.

Development B: Over a path of 17 cm; dry in air.

Detection: Examine in ultraviolet light at 254 nm; spray with alcoholic iodine solution, and
examine in ultraviolet light at 254 nm after 10–15 min.

System suitability: Reference solution (p): The chromatogram shows 2 clearly separated
spots.

Data analysis: Any spots in the chromatogram obtained with test solution S10 are not more
intense than the spots in the same positions in the chromatograms that were obtained with the
reference solutions.

Copolymer of dimethyl succinate and (4-hydroxy-2,2,6,6-tetramethylpiperidin-4-ol),

polyolefins only (See Chromatography 621 , Liquid Chromatography.)

Preparations

Solvent mixture: Anhydrous ethanol and hexane (11:89, v/v)

Test solution S11: Evaporate 25 mL of solution S2 to dryness under vacuum at 45 . Dissolve
the residue with 10 mL of toluene and 10 mL of a 10 g/L solution of tetrabutylammonium
hydroxide in a mixture of 35 volumes toluene and 65 volumes of anhydrous ethanol. Boil under a
reflux condenser for 3 h. Allow to cool, and filter if necessary.

Reference solution (q): 6.0 mg/mL of USP Copolymer of Dimethyl Succinate RS and USP (4-
Hydroxy-2,2,6,6-tetramethylpiperidin-4-ol) RS (Plastic Additive 11) in toluene. Add 1 mL of this

solution to 25 mL of blank solution S2, and evaporate to dryness under vacuum at 45 . Prepare
a blank solution from the blank solution corresponding to solution S2. Dissolve the residue with
10 mL of toluene and 10 mL of a 10 g/L solution of tetrabutylammonium hydroxide in a mixture
of 35 volumes toluene and 65 volumes of anhydrous ethanol. Boil under a reflux condenser for 3
h. Allow to cool, and filter if necessary.

Analysis

Chromatographic system

Column: 4.6-mm × 25-cm; 5-µm packing L

Mobile phase: Anhydrous ethanol and hexane (11:89, v/v)
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Flow rate: 2 mL/min

Injection: 20 µL of test solution S11, 20 µL corresponding blank solution, reference solution (k)

Detection: UV at 227 nm

System suitability

Resolution: Minimum 7 between the peaks due to the diol component and to the diluents of
the reference solution

Data analysis: The area of the peak due to the diol component in the chromatogram obtained
with test solution S25 is less than the area of the corresponding peaks in the chromatogram
obtained with reference solution (q).

Amides and stearates: (See Chromatography 621 , Thin-Layer Chromatography.)

Preparations

Test solution: Use solution S10 described in the test for nonphenolic antioxidants.

Reference solution (r): 2.0 mg/mL of USP Stearic Acid RS in methylene chloride

Reference solution (s): 2.0 mg/mL of USP Oleamide RS (Plastic Additive 12) in methylene
chloride

Reference solution (t): 2.0 mg/mL of USP Erucamide RS (Plastic Additive 13) in methylene
chloride

Analysis

Test A

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Plates: TLC silica gel GF254

Mobile phase: Alcohol, dehydrated, and trimethylpentane (25:75, v/v)

Application: 10 µL of test solution S10 and reference solution (qp)

Development: Over a path of 10 cm; dry in air.

Detection: Spray with a 2 g/L solution of 2,6,Dichlorophenol-indophenol Sodium in alcohol,

dehydrated, and heat in an oven at 120  for a few minutes to intensify the spots.

Data analysis: Any spot corresponding to additive stearic acid in the chromatogram obtained
with test solution S10 is identical in position (RF about 0.5) but is not more intense than the
spot in the same position in the chromatogram obtained with reference solution (r).

Test B

Mobile phase A: Hexane

Mobile phase B: Methanol and methylene chloride (5:95, v/v)

Application: 10 µL of test solution S24 and reference solutions (s) and (t)
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Development A: Over a path of 13 cm with mobile phase A; dry in air.

Development B: Over a path of 10 cm with mobile phase B; dry in air.

Detection: Spray with a 40 g/L solution of phosphomolybdic acid in alcohol, dehydrated, and

heat in an oven at 120  until spots appear.

Data analysis: Any spots corresponding to additives oleamide or erucamide in the
chromatogram obtained with test solution S10 are identical in position (RF about 0.2) but are
not more intense than the corresponding spots in the chromatograms obtained with the
reference solutions (s) and (t).

Poly(Vinyl Chloride)

Additives di(2-ethylhexyl) phthalate,N¢¢N¢¢ ¢¢ -diacylethylenediamines, epoxidised soya oil,

and epoxidised linseed oil: (See Chromatography 621 , Thin-Layer Chromatography.)

Preparations

Solution A1: To 2.0 g of the material to be examined add 200 mL of peroxide-free ether and
heat under a reflux condenser for 8 h. Separate the residue B and the solution A by filtration.

Evaporate solution A to dryness under reduced pressure in a water bath at 30 . Dissolve the
residue in 10 mL of toluene (solution A1).

Precipitate B2: Dissolve the residue B in 60 mL of ethylene chloride heating on a water bath
under a reflux condenser. Filter. Add the obtained solution dropwise and with vigorous shaking
to 600 mL of heptanes heated almost to boiling. Separate by hot filtration the coagulum B1 and
the organic solution. Allow the latter to cool; separate the Precipitate B2 that forms, and pass
through a tared sintered-glass filter (40).

Reference solutions: 0.1 mg/mL solutions of USP Di(2-ethylhexyl) Phthalate RS (Plastic
Additive 14), USP Poxidised Soya Oil RS (Plastic Additive 15), and USP Epoxidized Linseed Oil RS
(Plastic Additive 16), respectively, in toluene

Analysis

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Plate: TLC silica gel GF254 plate (1-mm thick)

Method: Apply to the plate as a band 30 mm × 3 mm, 0.5 mL of Solution A1. Apply to the plate
5 µL of each reference solution. Develop over a path of 15 cm using toluene . Dry the plate
carefully.

Additive di(2-ethylhexyl) phthalate: Examine in ultraviolet light at 254 nm, and locate the
zone corresponding to additive Di(2-ethylhexyl) Phthalate (RF about 0.4). Remove the area of
silica gel corresponding to this zone, and shake with 40 mL of ethyl ether for 1 min. Filter, rinse
with two quantities each of 10 mL of ethyl ether add the rinsings to the filtrate, and evaporate
to dryness.

Additives epoxidized soya oil and epoxidised linseed oil: Expose the plate to iodine vapor
for 5 min. Examine the chromatogram, and locate the band corresponding to additives
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epoxidized soya oil and epoxidized linseed oil (RF = 0). Remove the area of silica gel
corresponding to this zone. Similarly remove a corresponding area of silica gel as a blank
reference. Separately shake both samples for 15 min with 40 mL of methanol. Filter, rinse with
two quantities of 10 mL of methanol add the rinsings to the filtrate, and evaporate to dryness.

Additive N¢¢N¢¢ ¢¢ -Diacylethylenediamines: Wash Precipitate B2 with alcohol, absolute . Dry to
constant mass over diphosphorus pentoxide, and weigh the filter.

Vinyl chloride: (See Chromatography 621 .)

Preparations

Internal standard solution: Using a microsyringe, inject 10 µL of ethyl ether into 20.0 mL of
N,N-dimethylacetamide immersing the tip of the needle in the solvent. Immediately before use,
dilute the solution to 1000 times its volume with N,N-dimethylacetamide.

Test solution: Place 1.000 g of the material to be examined in a 50 mL vial, and add 10.0 mL of
the internal standard solution. Close the vial, and secure the stopper. Shake, avoiding contact

between the stopper and the liquid. Place the vial in a water bath at 60 ± 1  for 2 h.

Vinyl chloride primary solution: [Note—Prepare under a ventilated hood.] Place 50.0 mL of
N,N-dimethylacetamidein a 50-mL vial, stopper the vial, secure the stopper and weigh to the
nearest 0.1 mg. Fill a 50-mL polyethylene or polypropylene syringe with gaseous vinyl chloride
allow the gas to remain in contact with the syringe for about 3 min, empty the syringe, and fill
again with 50 mL of gaseous vinyl chloride. Fit a hypodermic needle to the syringe, and reduce
the volume of gas in the syringe from 50 mL to 25 mL. Inject the remaining 25 mL of vinyl
chloride slowly into the vial, shaking gently and avoiding contact between the liquid and the
needle. Weigh the vial again; the increase in mass is about 60 mg (1 µL of the solution thus
obtained contains about 1.2 µg of vinyl chloride). Allow to stand for 2 h. Keep the primary
solution in a refrigerator.

Vinyl chloride standard solution: To 1 volume of the Vinyl chloride primary solution add 3
volumes of N,N-dimethylacetamide.

Reference solutions: Place 10.0 mL of the Internal standard solution in each of six 50-mL
vials. Close the vials, and secure the stoppers. Inject 1 µL, 2 µL, 3 µL, 5 µL, and 10 µL,
respectively, of the vinyl chloride standard solution into five of the vials. The six solutions thus
obtained contain, respectively, 0 µg, about 0.3 µg, 0.6 µg, 0.9 µg, 1.5 µg, and 3 µg of vinyl
chloride. Shake, avoiding contact between the stopper and the liquid. Place the vials in a water

bath at 60 ±1  for 2 h.

Analysis

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: Head-space GC

Column: Stainless steel 3-m × 3-mm packed with silanized diatomaceous earth for gas
chromatography impregnated with 5% m/m of dimethylstearylamideand 5% m/m of polyethylene
glycol 400

Gas carrier: Nitrogen for chromatography

PF 39(5): Sep.-Oct. 2013 120



Flow rate: 30 mL/min

Detector: Flame-ionization detector, maintaining the temperatures of the column at 45 , of the

injection port at 100 , and of the detector at 150

Sample: Inject 1 mL of the head space of each vial. Calculate the content of vinyl chloride.

SPECIFICATIONS

Polyethylene

High- and low-density polyethylene are long-chain ethylene-based polymers synthesized under
controlled conditions of heat and pressure with the aid of catalysts from NLT 85.0% ethylene
and NLT 95.0% total olefins. Other olefin ingredients that are most frequently used are butene,
hexene, and propylene. High-density polyethylene and low-density polyethylene both have an
IR absorption spectrum that is distinctive for polyethylene, and each possesses characteristic
thermal properties. High-density polyethylene has a density between 0.941 and 0.965 g/cm3.
Low-density polyethylene has a density between 0.850 and 0.940 g/cm3. 
Additives are added to the polymer in order to optimize its chemical, physical, and mechanical
properties, thereby rendering it suitable for its intended use. These additives may include
nucleating agents, clarifying agents, antioxidants, colorants, lubricants, antiblocking agents,
and others. These additives typically are present individually in the polypropylene at levels of
0.01–0.3 weight percent, and the total levels of the antioxidants typically are less than 0.3%.
Polyethylene materials that provide light protection can contain as much as 4% by weight
titanium oxide.

Identification

Low-density polyethylene

Infrared spectrophotometry—Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–15
µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that of
the USP Low-Density Polyethylene RS, exhibiting maxima for absorption bands at the following

wavenumbers: 2920 cm 1, 2850 cm 1, 1465 cm 1, 1375 cm 1, 1170 cm 1, 730 cm 1, and

720 cm 1

Differential scanning calorimetry—The thermogram of the specimen is similar to the thermogram
of USP Low-Density Polyethylene RS, and the temperature of endotherm (melt) obtained from
the thermogram of the specimen does not differ from that of the USP Reference Standard by

more than 8.0 .

High-density polyethylene

Infrared spectrophotometry—Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–15
µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that of
the USP High-Density Polyethylene RS, exhibiting maxima for absorption bands at the following
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wavenumbers: 2920 cm 1, 2850 cm 1, 1465 cm 1, 1375 cm 1, 1170 cm 1, 730 cm 1, and

720 cm 1 and is not different than the spectrum obtained with the USP High-Density
Polyethylene RS.

Differential scanning calorimetry—The thermogram of the specimen is similar to the thermogram
of USP High-Density Polyethylene RS, and the temperature of endotherm (melt) obtained from
the thermogram of the specimen does not differ from that of the USP Reference Standard by

more than 6.0 .

Physicochemical Tests

Absorbance: Maximum absorbance is 0.2.

Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.

Organic extractables—total organic carbon: The difference between the sample and blank
TOC concentrations is NMT 5 mg/L.

Extractable Metals

Aluminum: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Chromium: Solution S3 contains NMT 0.02 mg/L (ppm), corresponding to 0.05 µg/g.

Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Vanadium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 0.1 µg/g.

Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Zirconium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 1 µg/g.

Plastic Additives, Phenolic Antioxidants, Nonphenolic Antioxidants, Amides, and
Stearates

The test results from these analyses are reported. Consistent with the description,
polyethylene materials can contain additives including nucleating agents, clarifying agents,
antioxidants, colorants, lubricants, antiblocking agents, and others. NMT three antioxidants
typically are present in polyethylenes, individually at levels of 0.01–0.3 weight percent and in
total typically less than 0.3%. Other additives, specifically amides and stearates, typically are
present in polyethylenes individually at levels of 0.5 weight percent or less. Polyethylenes that
provide light protection in containers can contain as much as 4% by weight titanium oxide.

Polyolefins

Polyolefins are obtained by polymerization of a simple olefin monomer (an alkene with the
general formula CnH2n) or by co-polymerization of these substances. The term polyolefins
means oil-like and refers to the oily or waxy feeling that these materials have. Polyolefins
consist only of carbon and hydrogen atoms that are nonaromatic. Examples of such monomers
include ethylene (resulting in polyethylene) and propylene (polypropylene), although these
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specific materials are addressed separately in this chapter. These polymers also include cyclic
olefin polymers, cyclic olefin copolymers, and ethylene vinyl acetate polymers. Polyolefins
usually are processed by extrusion, injection molding, blow molding, and rotational molding
methods. Hence, their additive packages include appropriate stabilizers, antioxidants,
lubricants, mold release or slip agents, antistatics and the like.

Identification

Infrared spectrophotometry: Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–
15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that
of the USP Cyclic Olefin Polymer RS or USP Cyclic Olefin Copolymer RS, exhibiting maxima for

absorption bands at the following wavenumbers: 2920 cm 1, 2850 cm 1, 1475 cm 1, 1380 cm

1, 1170 cm 1, 735 cm 1, and 720 cm 1.

Differential scanning calorimetry—The thermogram of the specimen is similar to the thermogram
of the USP Cyclic Olefin Polymer RS or USP Cyclic Olefin Copolymer RS and the temperature of
endotherm (melt) obtained from the thermogram of the specimen does not differ from that of

the USP Reference Standard by more than 8.0 .

Physicochemical Tests

Absorbance: Maximum absorbance is 0.2.

Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.

Organic extractables—total organic carbon: The difference between the sample and blank
TOC concentrations is NMT 5 mg/L.

Extractable Metals

Aluminum: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Plastic Additives, Phenolic Antioxidants, Nonphenolic Antioxidants, Amides, and
Stearates

The test results from these analyses are reported. Consistent with the description, polyolefin
materials can contain additives including nucleating agents, clarifying agents, antioxidants,
colorants, lubricants, antiblocking agents, and others. NMT three antioxidants typically are
present in polyolefin materials, individually at levels of 0.01–0.3 weight percent and in total
typically less than 0.3%. Other additives, specifically amides and stearates, typically are
present in polyolefin materials individually at levels of 0.5 weight percent or less. Polyethylene
materials that provide light protection in containers can contain as much as 4% by weight
titanium oxide.

Polypropylene
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Propylene polymers are long-chain polymers synthesized from propylene or other olefins, for
example, ethylene or butene, with the aid of catalysts. A certain number of additives are added
to the polymer in order to optimize its chemical, physical, and mechanical properties, thereby
rendering it suitable for its intended use. These additives may include nucleating agents,
clarifying agents, antioxidants, colorants, lubricants, antiblocking agents, and others. These
additives typically are present individually in the polypropylene at levels of 0.01–0.3 weight
percent, and the total levels of the antioxidants typically are less than 0.3% polypropylene that
provides light protection can contain as much as 4% by weight titanium oxide.

Identification

Infrared spectrophotometry: Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–
15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that
of the USP Homopolymer Polypropylene RS, exhibiting maxima for absorption bands at the

following wavenumbers: 1375 cm 1, 1170 cm 1, 995 cm 1, and 970 cm 1.

Differential scanning calorimetry: The temperature of the endotherm (melt) in the
thermogram does not differ from that of the USP Homopolymer Polypropylene RS by more than

12.0 .

Physicochemical Tests

Absorbance: Maximum absorbance is 0.2.

Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.

Organic extractables—total organic carbon: The difference between the sample and blank
TOC concentrations is NMT 5 mg/L.

Extractable Metals

Aluminum: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Chromium: Solution S3 contains NMT 0.02 mg/L (ppm), corresponding to 0.05 µg/g.

Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Vanadium: Solution S3 contains NMT 0.04 mg/L (ppm), corresponding to 0.1 µg/g.

Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Plastic Additives, Phenolic Antioxidants, Nonphenolic Antioxidants, Amides, and
Stearates

The test results from these analyses are reported. Consistent with the description,
polypropylene materials can contain additives including nucleating agents, clarifying agents,
antioxidants, colorants, lubricants, antiblocking agents, and others. NMT three antioxidants
typically are present in polypropylene materials, individually at levels of 0.01–0.3 weight
percent and in total typically less than 0.3%. Other additives, specifically amides and
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stearates, typically are present in polypropylene materials individually at levels of 0.5 weight
percent or less. Polypropylene materials that provide light protection in containers can contain
as much as 4% by weight titanium oxide.

Polyethylene Terephthalate and Polyethylene Terephthalate G

Polyethylene terephthalate (PET) polymers are long-chain crystalline polymers prepared by the
condensation of ethylene glycol with dimethyl terephthalate or terephthalic acid. PET
copolymer resins are prepared in a similar way except that they may also contain a small
amount of either isophthalic acid (NMT 3 mole percent) or 1,4-cyclohexaedimethanol (NMT 5
mole percent). Polymerization is conducted with the aid of catalysts and stabilizers. PET
polymers may contain silica or silicates (NMT 0.5% by weight) and may contain colorants.

Identification

Infrared spectrophotometry: Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–
15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that
of the USP Polyethylene Terephthalate RS or USP Polyethylene Terephthalate G RS, exhibiting

maxima for absorption bands at the following wavenumbers: 1725 cm 1, 1410 cm 1, 1265 cm

1, 1120 cm 1, 1020 cm 1, 875 cm 1, and 725 cm 1 and is not different than the spectrum
obtained with the USP Polyethylene Terephthalate RS or USP Polyethylene Terephthalate G RS,
similarly determined.

Differential scanning calorimetry

Polyethylene terephthalate—The thermogram of the specimen is similar to the thermogram of
USP Polyethylene Terephthalate RS. The melting point (Tm) obtained from the thermogram of

the specimen does not differ from that of the USP Reference Standard by more than 9.0 , and
the glass transition temperature (Tg) obtained from the thermogram of the specimen does not

differ from that of the USP Reference Standard by more than 4.0 .

Polyethylene terephthalate G—The thermogram of the specimen is similar to the thermogram of
USP Polyethylene Terephthalate G RS. Tg obtained from the thermogram of the specimen does

not differ from that of the USP Reference Standard by more than 6.0 .

Physicochemical Tests

Absorbance: Maximum absorbance is 0.2 for solution S1 and 0.05 for solution S5. For colored
polyethylene terephthalate, maximum absorbance between 400 nm and 800 nm is 0.05 for
solution S1.

Acidity or alkalinity: NMT 0.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 0.5 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.

Organic extractables—total organic carbon: The difference between the sample and blank
TOC concentrations is NMT 5 mg/L.

Extractable Metals
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Aluminum: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Antimony: Solution S4 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Barium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Cobalt: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Germanium: Solution S4 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Manganese: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Titanium: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Zinc: Solution S3 contains NMT 0.4 mg/L (ppm), corresponding to 1 µg/g.

Poly(Vinyl Chloride)

Poly(vinyl chloride) polymers are long-chain vinyl acetate polymers synthesized from vinyl
acetate via free radical polymerization. Various additives are compounded into PVC to provide
the materials with properties that render it suitable for its intended use. These additives may
include heat stabilizers, primary and secondary plasticizers, stabilizers, impact modifiers,
lubricants, pigments, and others. These additives typically are present individually in the
poly(vinyl chloride) at levels ranging from 0.1–45 weight percent.

Identification

Infrared spectrophotometry: Determine the infrared spectrum from 3800 to 650 cm 1 (2.6–
15 µm). The specimen exhibits an absorption spectrum that is substantially equivalent to that
of the USP Poly(Vinyl Chloride) RS, exhibiting maxima for absorption bands at the following

wavenumbers: 2975 cm 1, 2910 cm 1, 2865 cm 1, 1430 cm 1, 1330 cm 1 , 1255 cm 1 ,

690 cm 1, and 615 cm 1.

Differential scanning calorimetry: The thermogram of the specimen is similar to the
thermogram of USP Poly(Vinyl Chloride) RS, and the temperature of endotherm (melt) obtained
from the thermogram of the specimen does not differ from that of the USP Reference Standard

by more than 8.0 . Note that the results of the DSC analysis are strongly dependent on the
amount of plasticizer in the test article.

Physicochemical Tests

Absorbance: NMT 0.25 for S1. For nonplasticized PVC materials only: NMT 0.2 for S6 for tin-
stabilized materials or NMT 0.4 for S6 for other materials.

Acidity or alkalinity: NMT 1.5 mL of 0.01 N sodium hydroxide is required to change the color of
the indicator to blue. NMT 1.0 mL of 0.01 N hydrochloric acid is required to reach the beginning
of the color change of the indicator from yellow to orange.

Organic extractables—total organic carbon: The difference between the sample and blank
TOC concentrations is NMT 5 mg/L.

Extractable Metals
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Barium: Solution S3 contains NMT 0.25 mg/L (ppm), corresponding to 5 µg/g.

Calcium: Solution S3 contains NMT 35 mg/L (ppm), corresponding to 0.07 weight %.

Cadmium: Solution S3 contains NMT 0.03 mg/L (ppm), corresponding to 0.6 µg/g.

Tin: Solution S3 contains NMT 1 mg/L (ppm), corresponding to 20 µg/g.

Zinc: Solution S3 contains NMT 100 mg/L (ppm), corresponding to 0.2 weight %.

Plastic Additives

Di(2-ethylhexyl) phthalate: Residue is NMT 40 mg.

N¢¢N¢¢ ¢¢ -Diacylethylenediamines: Residue is NMT 20 mg.

Epoxidized soya oil: The difference between the masses of both residues is NMT 10 mg.

Epoxidized linseed oil: The difference between the masses of both residues is NMT 10 mg.

Vinyl Chloride

NMT 1 ppm

BRIEFING

661.2  Plastic Packaging Systems for Pharmaceutical Use. USP proposes the revision
and development of a suite of plastic packaging system standards in the current issue of PF.

General test chapter Containers—Plastics 661  is being revised and will be titled Plastic

Packaging Systems and Their Materials of Construction 661  and will provide the testing
rationale for plastic materials of construction and packaging systems used for the
pharmaceutical industry. USP recognizes that the use of well-characterized materials to
construct a packaging system is a primary means of ensuring that the packaging system is
suited for its intended use, because the properties and characteristics of the materials can be
matched to the performance requirements of the packaging system. Thus, new general chapter

Plastic Materials of Construction 661.1  will help determine whether a material is deemed
well-characterized by establishing its:

Identity
Biocompatibility (biological reactivity)
General physicochemical properties
Additives
Extractable metals.

Plastic packaging systems for pharmaceutical products must be suitable for their intended
use. That is, the packaging system should adequately protect the pharmaceutical product,
should be compatible with the pharmaceutical product, and should be composed of materials
that are safe for use. From a chemical perspective, plastic packaging systems used in
pharmaceutical applications should be such that the ingredients of the pharmaceutical product
are not adsorbed onto the surface of the packaging system, are not absorbed into the body of
the packaging system, and do not migrate through the packaging system (compatibility).
Further, the packaging system should not release substances that can accumulate in the
pharmaceutical product in quantities sufficient to affect its stability (which addresses

2S (USP37)
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compatibility) or to present a risk of toxicity (which addresses safety). The third chapter,

Plastic Packaging Systems for Pharmaceutical Use 661.2 , will provide test methods and
standards for metal packaging systems. Other chapters that will be proposed in the future to
address the characterization of plastic materials used in the manufacturing process and in

medical devices include Plastic Systems Used for Manufacturing Pharmaceutical Products 

661.3  and Plastic Medical Devices Used to Deliver or Administer Pharmaceutical Products 

661.4 . A workshop will be held December 9 and 10, 2013, at USP headquarters in Rockville,
MD, to discuss comments on the suite of packaging general chapters and potential future
revisions.

(GCPS: D. Hunt.)
Correspondence Number—C128728

Comment deadline: November 30, 2013

Add the following:

661.2  PLASTIC PACKAGING SYSTEMS FOR PHARMACEUTICAL USE

INTRODUCTION

A packaging system provides the means for manufacturing, distributing, and storing these
articles and potentially for administering a drug product. A plastic packaging system as defined

in Packaging and Storage Requirements 659  is composed wholly or in substantial portion of
plastic materials and contains or is intended to contain a medical article. The plastic packaging
system refers to the sum of packaging components that together contain the pharmaceutical
product, including closures. This sum of packaging components includes primary components,
which are those components that directly contact the pharmaceutical product at some time
during the product's manufacturing, distribution, storage, or use, and secondary components,
which are those components that may contact the pharmaceutical product during the product's
manufacturing, distribution, storage, and use.

SCOPE

Plastic packaging systems for pharmaceutical use include bags, bottles, cartridges, dry powder
and metered-dose inhalers, nebulizers, prefillable syringes, vials, and bottles as packaging
systems for capsules and tablets. Commonly used plastic materials include polyethylene,
polypropylene, polyolefins, polyethylene terephthalate, polyethylene terephthalate G, and
poly(vinyl chloride). Some, but not all plastic packaging systems are formed from a single
plastic material. For example, bags can be formed from layers of different plastic materials, and
solid plastic containers can be manufactured from more than one plastic material by co-
molding. These differences notwithstanding, plastic materials used in the construction of plastic

packaging systems should be fully characterized (see Plastic Materials of Construction 661.1

. 
Furthermore, plastic packaging systems for pharmaceutical use must be suitable for their
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intended use. That is, the packaging system should adequately protect, be compatible with,
and be composed of materials that are safe for use with the pharmaceutical product.
Additionally, if the packaging system has a performance feature in addition to containing the
product, the container should function properly. From a chemical perspective, a plastic
packaging system used in pharmaceutical applications should be such that the ingredients of
the pharmaceutical product are not adsorbed on the surface of the packaging system, are not
absorbed into the body of the packaging system, and do not migrate through the packaging
system. In addition, the packaging system should not release substances that accumulate in
the pharmaceutical product in quantities sufficient to affect its stability. These aspects are
related to the compatibility of the pharmaceutical product and its container. Additionally, the
packaging system should not release substances that accumulate in the pharmaceutical
product in quantities that present a risk of toxicity, thereby adversely affecting user safety or
efficacy. 
The applicant who seeks regulatory approval of a packaging system or packaged drug product
is responsible for establishing that the product's packaging system meets these expectations,
and thus is suited for its intended use, by ensuring that the packaging system itself and/or the
packaged pharmaceutical product has been appropriately tested. A packaging system is
chemically suited for its intended use if:

The packaging system is constructed from well-characterized materials as established

by testing according to Plastic Materials of Construction 661.1 .
The packaging system's general physicochemical properties have been established.
The packaging system's biocompatibility (biological reactivity) has been established.
The packaging system has been established to be safe by means of the appropriate
chemical testing. In certain packaging applications, appropriate chemical testing is
established by conformance with 21 CFR Indirect Food Additives and by performing the

testing specified in Plastic Materials of Construction 661.1 . Safety is addressed by

demonstrating compliance with both 661.2  and 21 CFR Indirect Food Additives and
may not require extractables testing, leachables testing and their related toxicological
assessment. In other packaging applications, conformance to regulations regarding
indirect food additives is not sufficient to address safety, and appropriate chemical

testing involves performing the testing specified in Plastic Materials of Construction 

661.1  as well as extractables testing, leachables testing, and appropriate toxicological
assessment. General essential principles and demonstrated best-practices
recommendations for extractable and leachable studies can be found in Assessment of

Extractables Associated with Pharmaceutical Packaging/Delivery Systems 1663  and
Assessment of Drug Product Leachables Associated with Pharmaceutical

Packaging/Delivery Systems 1664 , respectively; these chapters may be helpful, but
not mandatory, resources.
A toxicological safety assessment should be performed for each individual member of the
packaging system's extractables profile (or each member of the contained product's
leachables profile as appropriate) to demonstrate that the user safety risk associated
with each individual leachable (or extractable as worst case leachable) is acceptable
and that the probable safety risk posed by all leachables (or extractables as worst case
leachables), considered individually, is within acceptable parameters. Limits for

elemental impurities in pharmaceuticals can be found in Elemental Impurities—Limits 
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232 .
The packaging system is chemically compatible with the packaged product, as
established by appropriate compatibility assessments (e.g., stability studies).

This chapter deals solely with packaging systems and should not be applied to components or
materials from which packaging systems are constructed. The testing and qualification of

materials used in packaging systems are addressed in 661.1 . 
The test methods and specifications contained within this document have been developed for
general application to plastic packaging systems. In view of the wide variety of materials of
construction and packaging systems available and recognizing possible new developments in
materials and packaging systems, the publication of a test method and/or specification does
not exclude the use, in justified circumstances, of packaging systems that have been tested
with different methods and/or which comply with other specifications, subject to agreement by
competent authority.

TEST METHODS

Biological Reactivity

In vitro biological tests are performed on the packaging systems according to the test

procedures described in the general chapter Biological Reactivity Tests, In Vitro 87 .
Packaging systems that meet the requirements of the in vitro tests are not required to undergo
any further in vivo testing but are not assigned a plastic class. Packaging systems that do not
meet the requirements of the in vitro tests are not suitable as packaging systems for
pharmaceutical use. If a plastic class designation (classes I–VI) is needed, analysts should

perform the appropriate in vivo tests specified by Biological Reactivity Tests, In Vivo 88 .

Physiochemical Tests

Water extraction

Solution C1: Fill the packaging system to its nominal capacity with Purified Water and close it,
if possible, using the normal means of closure. Otherwise, close with an inert closure. Heat in

an autoclave until 121 ± 2  is reached (typically in 20–30 min), and maintain at this

temperature for 30 min. If heating at 121  leads to the deterioration of the container, heat at

100 ± 2  for 2 h or at 70 ± 2  for 24 ± 2 h. Use Solution C1 within 4 h of preparation. Prepare a
blank by heating Purified Water in a borosilicate glass flask closed with aluminum foil at the
same temperature and time used for the preparation of Solution C1.

Absorbance: Determine the spectrum of Solution C1 between 230 nm and 360 nm using the
Solution C1 blank as the compensation liquid.

Acidity or alkalinity: The test for Acidity or alkalinity should be conducted only when
packaging systems are intended to hold a liquid product or a product that is dissolved in its
container before use. 
To a volume of Solution C1 corresponding to 4% of the nominal capacity, add 0.1 mL of
phenolphthalein solution. The solution is colorless. Add 0.4 mL of 0.01 N sodium hydroxide. The
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solution is pink. Add 0.8 mL of 0.01 N hydrochloric acid and 0.1 mL of Methyl red TS2 solution.
The solution is orange–red or red.

Methyl red TS2—Test for sensitivity: Add 0.1 mL of methyl red solution to a mixture of 100 mL
of carbon dioxide–free Purified Water and 0.05 mL of 0.02 N hydrochloric acid. NMT 0.1 mL of
0.02 N hydrochloric acid is required to change the color from red to yellow.

Organic extractables—total organic carbon 

(See Total Organic Carbon 643 .) 
The total organic carbon (TOC) content of Solution C1 is measured according to Total Organic

Carbon 643 . However, 643  is designed for testing high-purity water that has low TOC
values. Because of extracted organic substances, material extracts may have TOC values that
are much higher than those of purified water. Thus the TOC analyses performed have a limit of
detection of 0.2 mg/L (ppm) and have a demonstrated linear dynamic range from 0.2–20 mg/L.
A linear range with a higher upper concentration can be used if linearity is established. If
sample extracts exceed this upper linear range limit, then they should be appropriately diluted
for analysis.

Total terephthaloyl moieties, polyethylene terephthalate, and polyethylene
terephthalate G

Preparations

Polyethylene terephthalate extracting media: 50% alcohol (dilute 125 mL of alcohol,
dehydrated R with Purified Water to 238 mL, and mix), hexane, and Purified Water. For each
Extracting medium, fill a sufficient number of test packaging systems to 90% of their nominal
capacity to obtain NLT 30 mL. Fill a corresponding number of glass bottles with each Extracting
medium for use as blanks. Fit the bottles with impervious seals such as aluminum foil, and apply

closures. Incubate the test packaging systems and the glass bottles at 49  for 10 days.
Remove the test systems and glass bottles, and store at room temperature. Do not transfer
the Extracting media samples to alternative storage vessels.

Polyethylene terephthalate G extracting media: 25% alcohol (dilute 125 mL of 50% alcohol
with Purified Water to 250 mL, and mix), hexane and Purified Water. Proceed as directed for
Polyethylene terephthalate extracting media.

Procedure: Determine the absorbance of the 50% alcohol or 25% alcohol extract in a 1-cm cell
at the wavelength of maximum absorbance at about 244 nm (see Spectrophotometry and

Light-Scattering 851 ), using as the blank the corresponding Extracting medium blank. 
Determine the absorbance of the n-heptane extract in a 1-cm cell at the wavelength of

maximum absorbance at about 240 nm (see 851 ), using as the blank the n-heptane
Extracting medium.

Ethylene glycol, polyethylene terephthalate, and polyethylene terephthalate G

Preparations

Periodic acid solution: Dissolve 125 mg of periodic acid in 10 mL of Purified Water.

Dilute sulfuric acid: To 50 mL of water add slowly and with constant stirring 50 mL of sulfuric
acid, and allow to cool to room temperature.
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Sodium bisulfite solution: Dissolve 0.1 g of sodium bisulfite in 10 mL of water. Use this
solution within 7 days.

Disodium chromotropate solution: Dissolve 100 mg of chromotropic acid, disodium salt R in
100 mL of sulfuric acid. Protect this solution from light, and use within 7 days.

Standard solution: Dissolve an accurately weighed quantity of ethylene glycol in Purified
Water, and dilute quantitatively and stepwise if necessary to obtain a solution having a known
concentration of about 1 µg/mL.

Test solution: Use the Purified Water extract from the Total terephthaloyl moieties test
method.

Procedure: Transfer 1.0 mL of the Standard solution to a 10-mL volumetric flask. Transfer 1.0
mL of the Test solution to a second 10-mL volumetric flask. Transfer 1.0 mL of the Purified
Water Extracting medium to a third 10-mL volumetric flask. To each of the three flasks, add
100 µL of Periodic acid solution, swirl to mix, and allow to stand for 60 min. Add 1.0 mL of
Sodium bisulfite solution to each flask, and mix. Add 100 µL of Disodium chromotropate solution
to each flask, and mix. [Note—All solutions should be analyzed within 1 h after addition of the
Disodium chromotropate solution.] Cautiously add 6 mL of sulfuric acid to each flask, mix, and
allow the solutions to cool to room temperature. [Caution—Dilution of sulfuric acid produces
substantial heat and can cause the solution to boil. Perform this addition carefully. Sulfur
dioxide gas will be evolved. Use of a fume hood is recommended.]Dilute each solution with
Dilute sulfuric acid to volume, and mix. Concomitantly determine the absorbances of the
solutions from the Standard solution and the Test solution in 1-cm cells at the wavelength of

maximum absorbance at about 575 nm (see 851 ), using as the blank the solution from the
Purified Water Extracting medium.

SPECIFICATIONS

Biological Reactivity

Test results are consistent with the relevant chapters ( 87  or 88 ).

Physiochemical Tests

Appearance of solution: Solution C1 is clear and colorless.

Absorbance: NMT 0.20

Acidity or alkalinity: The solution is colorless after addition of phenolphthalein solution; pink
after the addition of 0.01 N sodium hydroxide; and orange–red or red after the addition of 0.01
N hydrochloric acid and 0.1 mL of methyl red solution.

TOC: The difference in TOC concentrations between Solution C1 and a suitable blank is NMT 8
mg/L.

Ethylene glycol, PET, and PETG: The absorbance of the solution from the Test solution does
not exceed that of the solution from the Standard solution, corresponding to NMT 1 ppm of
ethylene glycol.

Total terephthaloyl moieties, PET, and PETG: The absorbance of the 50% alcohol, 25%
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alcohol, and n-heptane extracts does not exceed 0.150, corresponding to NMT 1 ppm of total
terephthaloyl moieties.

BRIEFING

736  Mass Spectrometry, USP 36 page 329. As part of USP's effort to modernize and
improve monographs and general chapters, the USP advisory panel on nuclear magnetic
resonance (NMR) proposes to make the following revisions:

1. Delete the contents in the existing chapter, and replace the contents with entirely
new text to include modern instruments and practices.

2. Create a new general information chapter, Applications of Mass Spectrometry 1736

.

The proposed chapter 736  text mainly covers instrument qualification and method

validation. Chapter 1736  discusses theory, instrumentation, and practices. It also provides
some guidance on sample preparation.

(GCCA: K. Zaidi.)
Correspondence Number—C128978

Comment deadline: November 30, 2013

Change to read:

736  MASS SPECTROMETRY

A mass spectrometer produces ions from the substance under investigation, separates them
according to their mass-to-charge ratio (m/z), and records the relative abundance of each
ionic species present. The instrument consists of three major components (see Figure 1):

Figure 1. Major components of a mass spectrometer.
an ion source for producing gaseous ions from the substance being studied, an analyzer for
resolving the ions into their characteristic mass components according to their mass-to-charge
ratios, and a detector system for detecting the ions and recording the relative abundance of
each of the resolved ionic species. In addition, a sample introduction system is necessary to
admit the samples to be studied to the ion source while maintaining the high vacuum

requirements ( 10–6 to 10–8 mm of mercury) of the technique; and a computer is required to
control the instrument, acquire and manipulate data, and compare spectra to reference
libraries.

2S (USP37)
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This chapter gives an overview of the theory, construction, and use of mass spectrometers.
The discussion is limited to those instruments and measurements with actual or potential
application to compendial and other pharmaceutical requirements: generally, the identification
and quantitation of specific compounds.

SAMPLE INTRODUCTION

Samples are introduced either as a gas to be ionized in the ion source, or by ejection of
charged molecular species from a solid surface or solution. In some cases sample introduction
and ionization take place in a single process, making a distinction between them somewhat
artificial. 
Substances that are gases or liquids at room temperature and atmospheric pressure can be
admitted to the source as a neutral beam via a controllable leak system. Volatilizable
compounds dissolved or adsorbed in solids or liquids can be removed and concentrated with a
headspace analyzer. Vapors are flushed from the solid or liquid matrix with a stream of carrier
gas and trapped on an adsorbing column. The trapped vapors are subsequently desorbed by
programmed heating of the trap and introduced into the mass spectrometer by a capillary
connection. 
For volatilizable solids, the most frequently used method of sample introduction is the direct
insertion probe. Here, the sample is placed in a small crucible at the tip of the probe, which is
heated under high vacuum in close proximity to the ion source. A variation of this technique
involves desorption of samples inside the ionization chamber from a rapidly heated wire or with
the aid of a laser beam. Such desorption techniques, in combination with electron, chemical, or
field ionization, are preferred for the analysis of heat sensitive or poorly volatile samples. 
Sample introduction techniques that involve the ejection of charged molecules from the surface
of solid samples include the field desorption method and various sputtering techniques, where
the samples are bombarded by high energy photons, by a primary ion beam, or by a neutral
particle beam. Similarly, ions can be ejected from solutions either by bombardment with a
primary beam, or by one of the various spray techniques described below. 
Gas and liquid chromatographs are widely used as sample inlet devices for mass spectrometers.
These chromatographs provide for an initial sample purification, since only that portion of the
chromatographic effluent containing the compound of interest need be admitted to the mass
spectrometer. Gas chromatography/mass spectrometry (GC/MS) and liquid
chromatography/mass spectrometry (LC/MS) combinations are valuable tools for the
identification of unknown impurities in drugs. These combination methods have the capacity to
separate complex mixtures with the opportunity to obtain structural information on the
individual components.

Gas Chromatography/Mass Spectrometry

Gas chromatographic effluents are already in the vapor state and can be admitted directly into
the mass spectrometer. Bridging the several orders of magnitude difference in the operating
pressures of the two systems was initially accomplished with the use of various carrier gas
separators. However, with the advent of capillary gas chromatographic columns and high
capacity vacuum pumps for mass spectrometers, the gas chromatographic effluents are now
fed directly into the ion source.
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Liquid Chromatography/Mass Spectrometry

This technique is particularly useful for analyzing materials that cannot be analyzed by GC/MS,
either because of thermal instability, high polarity, or high molecular weight. Compounds of
biological interest such as drugs and their metabolites, polar endogenous substances, and
macromolecules—including peptides, proteins, nucleic acids, and oligosaccharides—often fall
into one of these categories. 
Currently available LC/MS interfaces encompass a number of approaches to separating the
compound of interest from the liquid chromatographic mobile phase and transforming it into an
ionized species suitable for mass spectrometry. These include transport devices such as the
particle beam; various spray techniques including thermospray, electrospray, and ionspray; and
particle-induced desorption such as continuous-flow fast atom bombardment (CF-FAB).

PARTICLE BEAM INTERFACE

The solvent is removed from an aerosol of the liquid chromatographic effluent, and the resulting
neutral analyte molecules are introduced into the ion source of the mass spectrometer where
they are ionized by electron ionization (EI) or chemical ionization (CI). The resulting spectra are
thus classical EI or CI spectra, the former with a wealth of structural information. There are
limitations with respect to polarity, thermal lability, and molecular weight, so this technique is
best suited for small organic molecules with molecular weights of less than 1000 daltons.

THERMOSPRAY

The compound of interest in a volatile buffer mobile phase, such as ammonium acetate, is
passed through heated, narrow bore tubing directly into the ion source of a mass spectrometer.
The solution is vaporized in the tubing, and analyte ions desorb into the gas phase and pass
into the mass analyzer. Neutral analyte molecules in the gas phase may undergo chemical
ionization by reaction with gas phase buffer ions such as NH4+. Thermospray is compatible with
relatively high flow rates of 1 to 2 mL per minute, solvents containing a high percentage of
water, and many types of polar analytes. Thermal degradation may occur, since the analytes
are exposed to relatively high temperatures during the volatilization process.

ELECTROSPRAY

The mobile phase is sprayed through a small opening (needle tip) held at a potential of several
kilovolts. The charged droplets so produced are desolvated by passing through a drying gas,
and the resulting ions are injected directly into the high vacuum of the analyzer through an
orifice or glass capillary. Classical electrospray is limited to flow rates of 1 to 5 µL per minute,
and is therefore compatible with either microbore HPLC or post-column stream splitting
techniques. 
The ions may carry multiple charges, so that the m/z value of high molecular weight substances
will fall into the usable range for most quadrupole or magnetic sector mass analyzers (m/z <
4000). Analytes of up to 150,000 daltons can thus be successfully analyzed.

IONSPRAY

A variant of electrospray in which nebulization with a gas flow is used to assist the formation of
microdroplets of mobile phase. The technique can extend the upper limit of usable flow rates to
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0.1 mL per minute. Volatile buffers must be used with both techniques.

DESORPTION TECHNIQUES

Microflow liquid chromatography can also be interfaced to particle induced desorption
techniques such as fast atom bombardment (FAB) and liquid secondary ion mass spectroscopy
(LSIMS), described in the following section on ionization techniques. Typically, column effluent
flowing at a rate of 1 to 10 µL per minute is mixed with a small percentage of nonvolatile liquid
such as glycerol. The mixture is introduced via a capillary inlet onto a target within the ion
source where it is bombarded with high energy (5 to 20 keV) atoms or ions. The resulting
spectra are similar to FAB or LSIMS spectra but with the background from the sample matrix
greatly reduced. Frit-FAB is a variant of continuous flow FAB where the sample is introduced
through a porous frit target.

IONIZATION TECHNIQUES

Electron Impact

Molecules of the sample under analysis enter the ionization chamber in the vapor state. Positive
ions are produced by passing a beam of electrons, obtained from tungsten or rhenium filaments,

through the vapor, which is maintained at a pressure of 10 4 to 10 6 mm of mercury. Provided
the energy of the electron beam is greater than the ionization potential of the sample, the
sample is ionized and/or fragmented, as represented by the following equation:

e  + M ® M+ · + 2e

Chemical Ionization (CI)

In this process, a reagent gas at a pressure between 0.1 to 10 mm of mercury is admitted to
the source and ionized by a high energy electron beam or discharge. At these pressures, ion-
molecule reactions occur and the primary reagent gas ions react further. The most commonly
used reagent gases are methane, isobutane, and ammonia. Typical reactions for methane are
shown in the following equations:

CH4 + e  ® CH4
+ · + 2e

CH4
+ + CH4 ® CH5

+ + CH3 ·

CH3
+ + CH4 ® C2H5

+ + H2

The CH5 
+ species is a strong Bronsted acid and readily transfers a proton to most organic

compounds

CH5
+ + M ® MH+ + CH4

In the case of methane, the protonated ion (MH)+ initially formed may be sufficiently energetic
to dissociate further.

Fast Atom Bombardment (FAB)
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The sample is ionized by bombardment with a beam of high speed xenon atoms, produced by
exchange with highly accelerated xenon ions in a collision cell. The process is summarized as
follows:

where the subscript arrows indicate the fast-moving particles. 
FAB is a surface analysis technique, and care must be taken during sample preparation to
optimize the condition of the surface. When the sample is coated on a probe by evaporation of
a solution, the sample ion beam obtained is often transitory. Molecular adducts with alkali
metals, such as (M + Na) and (M + K), favor ion formation. This phenomenon is used to assist
in the ionization of biological molecules. Thus, treatment of the sample surface with sodium
chloride solution may enhance the yield of adduct ions. Heating the sample during analysis may
also increase the ion yield. 
The declining yield of sample ions during analysis is probably due to destruction of the sample
surface. The surface can, in effect, be continuously replaced by dissolving the sample in a
suitable nonvolatile liquid and by coating the mixture onto the top of the probe. Using this
approach, the lifetime of samples in the source has been extended to more than 1 hour and the
range of compounds amenable to FAB analysis expanded dramatically. The long sample lifetimes
and higher sensitivities so achieved make FAB an important mass spectral technique for
biochemical analysis, providing the elemental formula of the sample through accurate mass
determination. A further advantage of FAB, unlike CI, is the presence of fragment ions within
the spectra, which aid in structural elucidation. 
Recently, neutral atom bombardment has been replaced by cesium ion bombardment. Although
this technique is still referred to as FAB, it is more correctly described as liquid secondary ion
mass spectrometry (LSIMS). 
Negative and positive ions are formed in the various ionization processes described above, and
both are readily analyzed by modern mass spectrometers. Samples with a high electron capture
cross section, notably those containing halide atoms, yield an abundance of negative ions. For
this reason, halide derivatives of compounds to be studied are often prepared. Negative ion
mass spectrometry has been successfully applied to the analysis of pesticide residues, since
the structures of these compounds are well suited to the technique.

ANALYZERS

Mass analyzers separate the charged species in the ionized sample according to their m/z
ratios, thus permitting the mass and abundance of each species to be determined. Four
commonly used analyzers are the magnetic sector, the quadrupole, the time-of-flight, and the
Fourier transform analyzers.

PF 39(5): Sep.-Oct. 2013 137



Magnetic Sector Analyzers

Ions generated in the ion source are collimated into a beam through the focusing action of a
magnetic field and a slit assembly. After exiting the source, ions are subjected to a magnetic
field perpendicular to the direction of the beam. Each ion experiences a force at right angles to
both its direction of travel and the direction of the magnetic field, thereby deflecting the beam.
The motion of each ion is given by

m/z = H2r2/2V

where m is the mass in atomic mass units, z is the number of electronic charges, H is the
magnetic field strength in gauss, r is the radius of the ion trajectory in centimeters, and V is
the accelerating voltage. The mass spectrum is scanned by varying the strength of the
magnetic field and detecting those ions passing through an exit slit as they come into “focus.”
The magnetic sector mass spectrometer affords spatial resolution of ions, giving a unique
trajectory at a given field strength for each value of m/z.

Quadrupole Analyzers

The instrument is based on four parallel rods in a square array. The ion beam is focused down
the axis of the array and an electrical potential of fixed (DC) and radio frequency (RF)
components is applied to diagonally opposed rods. For a given combination of DC and RF
components, ions of one specific m/z ratio have a stable path down the axis. All others are
deflected to the sides and lost. Mass scanning is achieved by changing the DC and RF
components of the voltage, while maintaining a fixed ratio. The quadrupole analyzer is a mass
filter because it separates ions on the basis of their m/z ratio.

Ion-Trap Analyzer

This quadrupole-type device is composed of a ring electrode placed between two end cap
electrodes. Depending upon the commercial version employed, the end caps are either held at
ground potential or have an RF voltage applied to them, while an RF voltage is placed on the
ring electrode. As a result of these potentials, the hyperbolic surfaces of the three elements
form a three-dimensional quadrupole analyzer. 
Both ionization and mass analysis take place within the three-dimensional quadrupole field. In
the ionization step, the RF voltage on the ring electrode is set low enough so that the ions
within the mass range of interest are trapped within the device. Following ionization, mass
analysis is accomplished through use of the “mass selective instability” mode of operation. That
is, by raising the RF voltage on the ring electrode, ions of successively higher mass are ejected
from the ion trap into an electron multiplier detector. In its most common application, the ion-
trap analyzer is used in conjunction with a gas chromatograph and covers the mass range of 10
to 560 daltons. However, recent advances in ion-trap technology have extended the workable
mass range to many thousands of daltons.

Time-of-Flight Analyzers

Ion separation is based on the principle that ions of different masses, possessing equal kinetic
energy, have different velocities. If there is a fixed distance for the ions to travel, the time of
travel will vary with their mass, the lighter ions traveling faster and reaching the detector in a
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shorter period of time. The time-of-flight is given by

tf = k m/z

where tf is the time-of-flight in seconds. Thus, the time-of-flight of the various ions is simply
proportional to the square root of the mass-to-charge ratio of the ions. To measure the time-
of-flight, ions are introduced into the mass spectrometer in discrete packets so that a starting
point for the timing process can be established. Ion packets are generated either through a
pulsed ionization process or through a gating system in which ions are produced continuously,
but are introduced only at given times into the flight tube.

Fourier Transform Analyzers

In a magnetic field of flux density B, ions move in circular orbits. The angular frequency, , of
the orbital motion is given by

 = (z/m)B

In this type of mass spectrometer, the orbits are varied by subjecting the ions to a resonant
alternating electric field. When the frequency of the alternating field matches the orbital
frequency, the ions are steadily accelerated to larger and larger orbits in coherent motion,
developing a high level of kinetic energy. After the alternating electric field is turned off, the
orbiting ions give rise to an alternating image current on the electrodes. A frequency analysis of
this signal yields the mass of the ions involved. Thus, the Fourier transform of the time domain
transient signal yields the corresponding frequency spectrum from which the mass spectrum is
computed. This is a high resolution technique, yielding m/z ratios accurate to about one
thousandth of a dalton.

TANDEM MASS SPECTROMETRY

Two mass spectrometers connected in series (MS/MS), tandem mass spectrometry, refers to
the use of two or more sequential mass analysis steps. In its simplest form MS/MS (Figure 2)

Figure 2. Tandem mass spectrometry.
consists of two mass spectrometers linked in such a way that ions preselected by the first
mass analyzer (MS1) are chemically or energetically modified and the results analyzed by the
second mass analyzer (MS2). 
The basic concept of MS/MS involves the ability to determine the mass relationship between a
precursor ion in MS1 and a product ion in MS2. Different mass relationships can be probed
depending on how MS1 and MS2 are scanned. These include fragmentation of a precursor and
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measurement of all its fragments (a product scan), selection of multiple precursors and testing
for a common fragment (a precursor scan), or scanning to see if a number of precursors all lose
the same neutral species (a constant neutral loss scan). 
Fragmentation of the precursor ion can be induced by momentum transfer through collision with
gas molecules and/or solid surfaces or by electronic excitation using lasers. These techniques
are known as collision-induced dissociation, surface-induced dissociation, or laser-induced
dissociation, respectively. Allowing the ion to fragment without additional activation is known
as metastable decomposition. 
There are many applications of MS/MS to pharmaceutical problems. Product scans can be used
to obtain qualitative information from precursor ions of drug substances, impurities, and
contaminants. This can aid in the identification of unknowns. The method can also be used to
determine the amino acid sequence of peptides and protein fragments. 
MS/MS has advantages for mixture analysis. Even when the mass spectrometer is coupled to a
separation device such as a liquid or gas chromatograph, the resulting signals may be a result
of overlapping or unresolved components. MS/MS can be employed to select the precursor ion
from one component and obtain structural information without interference from the others. 
Selected reaction monitoring is used to reduce the interference encountered during
quantitative analysis for low levels of drugs in biological matrices, as in pharmacokinetic
studies. If analysis is for a drug specific ion, interfering signals from other compounds in the
matrix can mask the desired signal. Interference is reduced if a drug-specific fragment is
selected with MS1 and a structure-specific fragment with MS2. The odds of another molecule
producing the same mass relationship are diminishingly small. 
MS/MS can also be used in metabolism studies to search for molecules with common structural
features such as metabolites related to the drug substance. All of the metabolites might
contain the same functional group that is lost as a neutral fragment. In this case a contant-
neutral-loss scan will show all of these species. For instance, carboxylic acids will all lose
neutral carbon dioxide. If the common functionality is lost as an ionic fragment, then a
precursor scan will show all of the molecules that produce that fragment ion.

DATA ANALYSIS AND INTERPRETATION

The mass spectral experiment yields information on the molecular weight of ions derived from
the sample and the relative abundance of each of these ions. Spectra are often complex, and
not all of the ions may be separated by the mass spectrometer. The ability of the instrument to
separate ions is called the resolving power, commonly described by the “10% valley” definition.
This states that the resolving power is the highest mass number at which two peaks differing
by one molecular weight unit and of equal height have a valley between them that is equal to
10% of the peak height. For low, medium, and high resolution mass spectrometers, this value is
between 100 and 2000, 2000 and 10,000, and greater than 10,000, respectively. 
If one electron is removed or added to a neutral molecule, a molecular ion of essentially the
same molecular weight as the parent molecule results. It is often possible to determine the
mass of this ion with sufficient precision to enable the empirical formula of the compound to be
calculated. Molecular masses may be determined accurately by using high resolution
instruments or by peak-matching measurements using reference compounds. 
Fragment ions are those produced from the molecular ion by various bond cleavage processes.
Numerous papers in the literature relate bond cleavage patterns (fragmentation patterns) to
molecular structure. 
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In addition to measurement of the mass of a molecular ion and its associated fragment ions,
mass spectrometers are also used to quantitate compounds with a high degree of selectivity,
precision, and accuracy. Compounds are introduced into the mass spectrometer either via
direct insertion probe, gas inlet, or, as is more common, via gas or liquid chromatographic
interfaces, which provide sample purification. Ionization may be by EI, CI, FAB, thermospray, or
electrospray and mass separation by magnetic sector, quadrupole, or quadrupole ion-trap mass
spectrometers. Quantitative mass spectrometry involves measuring the abundance of a specific
ion, or set of ions, and relating the response to a known standard. External or internal
standards may be used, but the latter are preferred for greater accuracy. 
For mass spectrometry, internal standards may be either structural or stable isotope analogs.
The former have the advantage of lower cost and availability while precision and accuracy are
typically achieved by use of a stable isotope (2H, 13C, 15N) labeled analog of the analyte. The
only requirements for labeling the analyte are that the ion monitored for the internal standard
must retain an isotopic label after ionization and the label must not be exchangeable under the
sampling, separation, or ionization conditions. Stable isotope internal standards are often
required for acceptable quantitation, particularly with FAB and LC/MS techniques such as
thermospray and electrospray. 
Relative abundances of the analyte and internal standard ions are typically determined by
selected ion monitoring, by which only specific ions due to the analyte and the internal
standard are monitored. This technique has the advantage over scanning the full mass range in
that more time is spent integrating the ion current at a selected mass-to-charge ratio, thereby
increasing sensitivity. Chromatographic peak area or amount of analyte in a sample is
calculated from the ratio of analyte to internal standard peak area (or height) and the
regression parameters as determined by a calibration curve, using standard techniques.

INTRODUCTION

Mass spectrometry (MS) is an analytical method based on the measurement of the mass-to-
charge ratio of ionic species related to the analyte under investigation. MS can be used to
determine the molecular weight and elemental composition of an analyte as well as provide an
in-depth structural elucidation of the analyte. 
In addition to being recognized as a powerful structure-elucidation tool, MS is also extensively
used for quantitative measurements. For additional information, see general information chapter

Applications of Mass Spectrometry 1736 , which provides a detailed discussion of MS. 
Currently available MS instrumentation offers a wide range of capabilities for qualitative and
quantitative analysis, which results in a wide range of potential MS experimental approaches for
a given measurement need. Because of the diversity of approaches, this chapter does not
present specific procedures but instead provides experimental and system suitability information
for MS procedures.

QUALITATIVE ANALYSIS

MS is a sensitive and highly specific method for the identification of organic analytes.
Identification or verification of structure (i.e., comparison against an authentic standard) by
MS is particularly powerful when used in conjunction with a separation method such as gas
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chromatography (GC) or high-performance liquid chromatography (HPLC). Additional degrees of
specificity can be obtained by the use of tandem mass spectrometry (MS/MS) or high-
resolution mass spectrometry (HRMS).

Experimental Parameters

The following MS experimental parameters should be defined for a qualitative (e.g.,
identification) procedure.

MASS RESOLUTION

Unit mass resolution is sufficient for most identification tests. When higher resolution is
required, the resolution is specified in the procedure, and demonstration of adequate resolution
is included in the system suitability tests for the procedure.

MASS ACCURACY

A mass accuracy or agreement of ±0.50 mass units for singly charged ions from a known
standard should be sufficient for most applications. A mass accuracy or agreement of ±0.05%
from a standard should be sufficient for the identification of large biomolecules when multiply
charged ions are employed for the identification test. 
When higher mass accuracy is required, the required mass accuracy is specified in the
procedure. A demonstration of the mass accuracy then is included in the system suitability
tests for the procedure or as part of the instrument's established performance qualification
(PQ) procedure discussed later in this chapter.

MASS RANGE

The mass range to be scanned is also presented in the procedure. The mass range must
encompass all ions used as part of the identification confirmation.

System Suitability

The system suitability for the MS procedure should include demonstration of adequate
performance for the following experimental attributes.

MASS RESOLUTION

A demonstration of the appropriate resolution is included in the system suitability tests for the
procedure or is part of the instrument's established PQ procedure. When resolutions greater
than unit mass are required for a procedure, the system suitability test includes demonstration
of adequate resolution along with acceptance criteria.

MASS ACCURACY

A demonstration of the mass accuracy is included in the system suitability tests for the
procedure or is part of the instrument's established PQ procedure. A mass accuracy or
agreement of ±0.50 mass units for singly charged ions from a known standard should be
sufficient for most applications. If higher mass accuracy is required for a given procedure, the
appropriate acceptance criteria are specified.
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Interpretation Directions

The definitive and most certain identification or verification experiment involves comparison of
the compound of interest to an authentic standard (e.g., a USP Reference Standard). For this
form of identification or verification, the standard and the sample are run under identical
conditions and should have results that are within acceptable experimental error for the
procedure. Applications of MS for identification purposes in a compendial monograph may
incorporate the mass spectral data alone or may combine this spectral identification with the
chromatographic retention time if more specificity is dictated by the particular monograph
identification needs. 
The procedure should also provide specific instructions that define a successful mass spectral
match. If the method represents the only spectroscopic identification test or if no other
identification tests (e.g., peptide mapping or amino acid analysis) provide structural
information, a minimum of three structurally relevant ions, one of which is an ion representing
the molecular mass of the analyte, should be used for the comparison. If other structurally
relevant identification tests are also conducted, the comparison can be conducted with fewer
ions as long as one of the ions represents the molecular mass of the analyte. For example, the
MS identification test for a protein may examine only an ion that represents the molecular mass
if several other tests are conducted to confirm the protein structure.

QUANTITATIVE ANALYSIS

The sensitivity and specificity of MS also make it a suitable analytical tool for the quantification
of organic analytes. Quantification is particularly powerful when used in conjunction with a
separation method such as GC or HPLC. Further degrees of specificity can be obtained by the
use of MS/MS or HRMS.

Experimental Parameters

The following experimental parameters should be defined within a quantitative (e.g.,
identification) MS procedure.

MASS RESOLUTION

Unit mass resolution is sufficient for most quantitative tests. When higher resolution is required,
the resolution is specified in the procedure, and demonstration of the mass accuracy is included
in the system suitability tests for the procedure.

MASS ACCURACY

The mass accuracies listed in the previous qualitative section should be sufficient for most
quantitative applications. When higher mass accuracy is required, it is specified in the
procedure. A demonstration of the mass accuracy is included in the system suitability tests for
the procedure or as part of the instrument's established PQ procedure.

MASS SELECTION

The masses to be monitored (e.g., mass range, individual masses, or MS/MS transitions) are
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presented in the procedure.

System Suitability

The system suitability for the MS procedure should include demonstration of adequate
performance for the following experimental attributes.

MASS RESOLUTION

A demonstration of the appropriate resolution is included in the system suitability tests for the
procedure or is part of the instrument's established PQ procedure. When resolutions greater
than unit mass are required for a procedure, the system suitability test includes demonstration
of adequate resolution along with acceptance criteria.

MASS ACCURACY

A demonstration of the mass accuracy is included in the system suitability tests for the
procedure or is part of the instrument's established PQ procedure. A mass accuracy or
agreement of ±0.50 mass units for singly charged ions from a known standard should be
sufficient for most applications. If higher mass accuracy is required for a given procedure, the
appropriate acceptance criteria are specified.

PRECISION

The system suitability includes a demonstration of adequate precision. See Table 1 for maximum
limits for precision. Typically, system suitability limits are set to tighter limits than those
employed to ensure adequate precision for the validation experiments. (See also the section on
Validation and Verification of Mass Spectrometry Analytical Procedures.)

LINEARITY

The system suitability includes a demonstration of adequate linearity. See Table 1 for
appropriate linearity limits. (See also the section on Validation and Verification of Mass
Spectrometry Analytical Procedures.)

ACCURACY

In certain situations, quality control (or check) samples may also be appropriate for inclusion in
the procedure to ensure the quality of the measurement. Typically, these quality control
samples are of known analyte concentration and are prepared identically to the test samples. If
used, quality control (or check) samples are also prepared as a verification of time-of-
application method accuracy. The procedure specifies the number or analysis order of quality
control (or check) samples needed. Acceptance criteria for calibration and quality control (or
check) sample results should be aligned with the validation requirements as required by the
application type (i.e., Category I or II) as outlined in Table 1.

QUANTITATION LIMIT

In certain applications (e.g., limits tests), it may be necessary to include demonstration of the
ability to detect the analyte at a prescribed level. For these applications, the procedure
specifies the limit and success criteria (e.g., signal-to-noise ratio).

PF 39(5): Sep.-Oct. 2013 144



QUALIFICATION OF MASS SPECTROMETRY INSTRUMENTS

Qualification of an MS instrument can be divided into three elements: installation qualification
(IQ), operational qualification (OQ), and PQ. For additional information, see Analytical

Instrument Qualification 1058 .

Installation Qualification

IQ provides evidence that the hardware and software are installed to accommodate safe and
effective use of the instrument at the desired location.

Operational Qualification

In OQ, an instrument's performance is characterized using standards to verify that the system
operates within target specifications. The purpose of OQ is to demonstrate that instrument
performance is suitable for a given application. Because so many different approaches are
available for measuring MS spectra, OQ using standards with known spectral properties is
recommended. Because of the diversity of MS instrumentation, interfaces, and experimental
approaches, MS instruments should be qualified against target specifications for the intended
application, not simply the specifications supplied by the manufacturer.

Performance Qualification

PQ helps to determine that the instrument is capable of meeting the user's requirements for all
critical-to-quality measures. PQ documentation should describe the following:

the definition of the specific performance criteria and detailed test procedures, including
test samples and instrument parameters;
the elements that will be measured to evaluate the criteria and the predefined
specifications;
the test interval, which may be daily or time-of-use measurements;
the use of bracketing samples or groups of samples; and
corrective actions that will be implemented if the spectrometer does not pass the
specifications.

Periodic PQ should include a subset of the OQ tests to ensure that the instrument as supplied is
performing at a level that produces data that are suitable for their intended use. Depending on
typical use, the specifications for PQ may be higher or lower than the manufacturer's
installation specifications. Method-specific PQ tests, also known as system suitability tests,
may be used in lieu of PQ requirements for validated procedures. 
Because of the diversity of MS instrumental configurations and experimental designs, a
standard sample or experiment for all PQ assessments may not be available. Thus, method-
specific PQ tests or system suitability tests often are needed. The PQ experimental design
should be sufficiently robust to ensure proper instrument performance for the intended
application, including the specifications associated with the measurement. At minimum, PQ
experiments should include the following.

For qualitative applications, the PQ experiment includes a check of the mass accuracy
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of the instrumentation. A mass accuracy or agreement of ±0.50 mass units for singly
charged ions from a known standard should be sufficient for most applications.
For quantitative applications, the PQ experiment includes checks of mass accuracy and
precision. A mass accuracy or agreement of ±0.50 mass units for singly charged ions
from a known standard should be sufficient for most applications. The success criteria
for precision is established via consideration of the instrument and method capability,
and provides sufficient controls relative to the specification for the measurement in
question.

Characterizing Instrument Performance

Specific procedures, acceptance criteria, and time intervals for characterizing MS spectrometer
performance depend on the instrument and its intended applications. Many MS applications use
previously validated experiments that relate MS spectra to a chemical property of interest.
Analysts typically demonstrate stable instrument performance over extended periods of time.
This practice provides some assurance that reliable measurements can be taken from sample
spectra using previously validated MS experiments.

VALIDATION AND VERIFICATION OF MASS SPECTROMETRY ANALYTICAL PROCEDURES

Validation is required only when an MS method is an alternative to the official procedure for
testing an official article. 
The objective of validating an MS procedure is to demonstrate that the measurement is
suitable for its intended purpose, including quantitative determination of the main component in
a drug substance or a drug product (Category I assays), quantitative determination of
impurities (Category II), and identification tests (Category IV). [Note—For additional

information on the different category definitions, see Validation of Compendial Procedures 

1225 .] Depending on the category of the test, analytical procedure validation requires the
testing of linearity, range, accuracy, specificity, precision, quantitation limit, and robustness.
These analytical performance characteristics apply to externally standardized methods and to
the method of standard additions. 

Chapter 1225  provides definitions and general guidance about analytical procedures
validation without indicating specific validation criteria for each characteristic. The intention of
the following sections is to provide the user with specific validation criteria that represent the
minimum expectations for this technology. For each particular application, tighter criteria may
be needed in order to demonstrate suitability for the intended use.

Measurement Categories for Mass Spectrometry Analytical Procedures

The required validation performance characteristics of an MS analytical procedure are listed in
Table 1. A procedure validation protocol must specify the required validation experiments and
validation criteria. These criteria are determined according to the intended purpose of the
analytical procedure.

Table 1. Analytical Measurement Requirements
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Analytical
Performance

Characteristics Category I Category II Quantitative

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

Linearity rNLT 0.995 rNLT 0.99

Range

For 100.0% centered
acceptance criteria: 80.0%–
120.0%.
For noncentered acceptance
criteria: 10.0% below the
lower limit to 10.0% above
the upper limit.
For content uniformity:
70.0%–130.0% 50%–120%

Accuracy

98.0%–102.0% (drug
substance)
95.0%–105.0% (drug
product) 80.0%–120.0%

Repeatability
NMT 1.0% (drug substance)
NMT 2.0% (drug product) NMT 20.0%

Intermediate
precision

NMT 1.0% (drug substance)
NMT 3.0% (drug product) NMT 25.0%

Quantitation limit

—

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

Robustness
The reliability of an analytical measurement should be demonstrated by
deliberate changes to experimental parameters.

Analytical Procedure Validation

The objective of analytical procedure validation is to demonstrate that the analytical procedure
is suitable for its intended purpose by conducting experiments and obtaining results that meet
predefined acceptance criteria. MS analytical procedures can include quantitative tests for
major component and impurities content, limit tests for the presence of impurities,
quantification of a component in a product or formulation, or identification tests.

VALIDATION PARAMETERS

Performance characteristics that demonstrate the suitability of an analytical procedure are
similar to those required for any analytical procedure. For additional information on the

applicable general principles, see 1225 . Specific acceptance criteria for each validation
parameter must be consistent with the intended use of the analytical procedure. 
The performance characteristics that are required as part of a validation for each of the
analytical procedure categories are given in Table 1.

SPECIFICITY

The purpose of a specificity test is to demonstrate that measurements of the intended analyte
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signals are free of interference from components and impurities in the test material. Specificity
tests can be conducted to compare spectra of components and impurities that are known from
synthetic processes, formulations, and test preparations. Specificity is also to be demonstrated
for any materials added as part of the method (e.g., specificity versus isotope-labeled internal
standards). 
For an identification MS analytical procedure (Category I and II), validation experiments may
include multidimensional MS experiments to validate correct assignments of an ion's structure or
origin.

LINEARITY

A linear relationship is exhibited between the analyte concentration and instrument response.
This is demonstrated by measuring analyte responses from NLT five standard solutions at
concentrations that encompass the anticipated concentration range of analyte(s) in the test
solution. For Category I, standard solutions can be prepared from reference materials in
appropriate solvents. For Category II (MS analytical procedures that are used to quantitate
impurities), linearity samples are prepared by spiking suitable test samples that contain low
amounts of analyte or by spiking matrix samples at concentrations of the expected range. The
standard curve then is constructed using appropriate statistical analytical procedures such as a
least-squares regression. The correlation coefficient (R), y-intercept, slope of the regression
line, and residual root mean square are then determined. Absolute values determined for these
factors are appropriate for the procedure being validated.

RANGE

The range between the low and high concentrations of analyte is given by the quantitative MS
analytical procedure. This typically is based on test article specifications in the USP monograph.
It is the range within which the analytical procedure can demonstrate an acceptable degree of
linearity, accuracy, and precision and can be obtained from an evaluation of that analytical
procedure. 
Recommended ranges for various MS analytical procedures are as follows.

For Category I—assay of a drug substance (or a finished product): 80%–120% of the
test concentration;
For Category I—content uniformity: a minimum of 70%–130% of the test concentration;
For Category II—determination of an impurity: 50%–120% of the acceptance criteria.

ACCURACY

The accuracy of a quantitative MS analytical procedure is determined across the required
analytical range. Typically, three levels of concentrations are evaluated using triplicate
preparations at each level.

Preparation of accuracy samples: For drug substance assays (Category I), accuracy is
determined by analyzing a reference standard of known purity. For drug product assays
(Category I), a composite sample of reference standard and other components in a
pharmaceutical finished product should be used for analytical procedure validation. The assay
results are compared to the theoretical value of the reference standard to estimate errors or
percent recovery. For the quantitation of impurities (Category II), the accuracy of the
analytical procedure can be determined by conducting studies with drug substances or
products spiked with known concentrations of the analyte under test. 
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Assay results from the analytical procedure being validated may be compared to those of an
established alternative analytical procedure.

PRECISION

Repeatability: The analytical procedure is assessed by measuring the concentrations of three
replicates of separate standard solutions at three different concentrations that encompass the
analytical range. Alternatively, the concentrations of six separate standard solutions at 100%
of the test concentration can be measured. The relative standard deviation from the replicate
measurements is then evaluated to determine if the solutions meet the acceptance criteria.

Intermediate precision: The effect of random events on the analytical precision of the
analytical procedure is to be established. Typical variables include performing the analysis on
different days, using different instruments that are suitable as specified in the analytical
procedure, or having the analytical procedure performed by two or more analysts.

QUANTITATION LIMIT

The quantitation limit is validated by measuring six replicates of test samples spiked with
analyte at 50% of specification. 
From these replicates, analysts are then able to determine accuracy and precision. Examples of
specifications for Category II quantitative determinations are that the measured concentration
is within 70%–130% of the spike concentration and the relative standard deviation is NMT 15%.

ROBUSTNESS

The reliability of an analytical measurement is demonstrated with deliberate changes to critical
experimental parameters. These can include measuring the stability of the analyte under
specified storage or ionization conditions.

Analytical Procedure Verification

U.S. Current Good Manufacturing Practices regulations [21 CFR 211.194(a)(2)] indicate that
users of analytical procedures described in USP–NF do not need to validate procedures that are
provided in a monograph. Instead, they must simply verify the suitability of the procedures
under actual conditions of use. 
The objective of an MS procedure verification is to demonstrate that the procedure as
prescribed in a specific monograph can be executed by the user with suitable accuracy,
specificity, and precision using the instruments, analysts, and sample matrices available.

According to general information chapter Verification of Compendial Procedures 1226 , if the
verification of the compendial procedure by following the monograph is not successful, the
procedure may not be suitable for use with the article under test. It may be necessary to
develop and validate an alternative procedure as allowed in General Notices and Requirements
6.30. 
Verification of a compendial MS procedure includes at minimum the execution of the validation
parameters for specificity, accuracy, precision, and limit of quantitation, when appropriate, as
indicated in the Validation and Verification of Mass Spectrometry Analytical Procedures section
in this chapter.

BRIEFING

2S (USP37)
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741  Melting Range or Temperature, USP 36 page 333. On the basis of comments
received, it is proposed to revise this chapter in order to emphasize conditions that provide
more consistency and repeatability of the melting point values according to the findings
discussed in the Stimuli article USP Melting Point Reference Standards: Evaluation of
Parameters That Affect the Melting Point published in PF 39(4). Also, it is proposed to introduce
wording to allow the usage of newer melting point instruments (properly qualified) adopted by
the scientific community, remove the reference procedure in the event of disputes, introduce a
clarification that the USP Melting Point Reference Standards are intended to check the
accuracy of the apparatus and not to calibrate, and remove the reference to chapter

Thermometers 21  and the related footnote because they will be covered by the USP
General Notices under 6.80.30.

(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C131884

Comment deadline: November 30, 2013

741  MELTING RANGE OR TEMPERATURE

Change to read:

For Pharmacopeial purposes, the melting range, melting temperature, or melting point is defined
as those points of temperature within which, or the point at which, the first detectable liquid
phase is detected to the temperature at which no solid phase is apparent, except as defined
otherwise for Classes II and III below. A melting transition may be instantaneous for a highly
pure material, but usually a range is observed from the beginning to the end of the process.
Factors influencing this transition include the sample size, the particle size, the efficiency of
heat diffusion, and the heating rate, among other variables, that are controlled by procedure
instructions.
In order to achieve consistency and repeatability during melting point determinations, the

following conditions should be applied. Use dried material that has been gently pulverized and
introduced into a capillary tube to a height of 3 mm, and perform the melting determination at a

heating rate of 1  C/min.
In some articles, the melting process is accompanied by simultaneous decomposition, which is
visually evidenced as a side event like darkening of the material, charring, bubbling, or other
incident. The visual impact of this side reaction frequently obscures the end of the melting
process, which it may be impossible to accurately determine. In those circumstances, only the
beginning of the melting can be accurately established, and it is to be reported as the melting
temperature. The accuracy of the apparatus to be used as described below should be checked
at suitable intervals by the use of one or more of the available USP Melting Point Reference
Standards, preferably those that melt nearest the melting temperatures of the compounds

being tested (see USP Reference Standards 11 ).
The USP Melting Point Reference Standards are intended to check the accuracy of the device

and are not suitable to calibrate.

Eight procedures for the determination of melting range or temperature are given herein,
varying in accordance with the nature of the substance. When no class is designated in the
monograph, use the procedure for Class Ia for crystalline or amorphous substances and the
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procedure for Class II for waxy substances. 
The procedure known as the mixed-melting point determination, whereby the melting range or
temperature of a solid under test is compared to that of an intimate mixture of equal parts of
the solid and an authentic specimen of it; e.g., the corresponding USP Reference Standard, if
available, may be used as a confirmatory identification test. Agreement of the observations on
the original and the mixture constitutes reliable evidence of chemical identity.

Change to read:

APPARATUS

Apparatus with cameras or other computerized equipment with advantages in terms of
accuracy, sensitivity, or precision may be used provided that the apparatus is properly
qualified.

Apparatus I: An example of a suitable melting range Apparatus I consists of a glass container
for a bath of transparent fluid, a suitable stirring device, an accurate thermometer, (see

Thermometers 21 ),*

and a controlled source of heat. The bath fluid is selected with a view to the temperature
required, but light paraffin is used generally and certain liquid silicones are well adapted to the
higher temperature ranges. The fluid is deep enough to permit immersion of the thermometer to
its specified immersion depth so that the bulb is still about 2 cm above the bottom of the bath.
The heat may be supplied by an open flame or electrically. The capillary tube is about 10 cm
long and 0.8–1.2 mm in internal diameter with walls 0.2–0.3 mm in thickness.

Apparatus II: An instrument may be used in the procedures for Classes I, Ia, and Ib. An
example of a suitable melting range Apparatus II consists of a block of metal that may be
heated at a controlled rate, its temperature being monitored by a sensor. The block
accommodates the capillary tube containing the test substance and permits monitoring of the
melting process, typically by means of a beam of light and a detector. The detector signal may
be processed by a microcomputer to determine and display the melting point or range, or the
detector signal may be plotted to allow visual estimation of the melting point or range.

Change to read:

PROCEDURES

Procedure for Class I, Apparatus I: Reduce the substance under test to a very fine powder,
and, unless otherwise directed, render it anhydrous when it contains water of hydration by
drying it at the temperature specified in the monograph, or, when the substance contains no
water of hydration, dry it over a suitable desiccant for NLT 16 h
(or at the conditions stated in Loss on Drying, if appropriate).

Charge a capillary glass tube, one end of which is sealed, with a sufficient amount of the dry
powder to form a column in the bottom of the tube 2.5 to 3.5
3

mm high when packed down as closely as possible by moderate tapping on a solid surface. 
Heat the bath until the temperature is about 30
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10
below the expected melting point. Remove the thermometer, and quickly attach the capillary
tube to the thermometer by wetting both with a drop of the liquid of the bath or otherwise,
and adjust its height so that the material in the capillary is level with the thermometer bulb.
Replace the thermometer, and continue the heating, with constant stirring, sufficiently to

cause the temperature to rise at a rate of about 3 /min. When the temperature is about 3
below the lower limit of the expected melting range, reduce the heating so that the

temperature rises at a rate of about 1 to 2

/min. Continue heating until melting is complete. 
The temperature at which the column of the substance under test is observed to collapse
definitely against the side of the tube at any point indicates the beginning of melting, and the
temperature at which the test substance becomes liquid throughout corresponds to the end of
melting or the melting point. The two temperatures fall within the limits of the melting range. If
melting occurs with decomposition, the melting temperature corresponding to the beginning of
the melting is within the range specified.

Procedure for Class Ia, Apparatus I: Prepare the test substance and charge the capillary as

directed for Class I, Apparatus I. Heat the bath until the temperature is about 10  below the
expected melting point and is rising at a rate of 1 ± 0.5

about 1
/min. Insert the capillary as directed under Class I, Apparatus I when the temperature is about

5  below the lower limit of the expected melting range, and continue heating until melting is
complete. Record the melting range as directed for Class I, Apparatus I.

Procedure for Class Ib, Apparatus I: Place the test substance in a closed container and cool

to 10 , or lower, for at least 2 h. Without previous powdering, charge the cooled material into
the capillary tube as directed for Class I, Apparatus I, then immediately place the charged tube
in a vacuum desiccator and dry at a pressure not exceeding 20 mm of mercury for 3 h.
Immediately upon removal from the desiccator, fire-seal the open end of the tube, and as soon
as practicable proceed with the determination of the melting range as follows: Heat the bath
until a temperature 10 ± 1

the temperature is about 10
below the expected melting range, then introduce the charged tube, and heat at a rate of rise
of 3 ± 0.5

about 1
/min until melting is complete. Record the melting range as directed for Class I, Apparatus I. 
If the particle size of the material is too large for the capillary, precool the test substance as
directed above, then with as little pressure as possible gently crush the particles to fit the
capillary, and immediately charge the tube.

Procedure for Class I, Apparatus II: Prepare the substance under test and charge the
capillary tube as directed for Class I, Apparatus I. Operate the apparatus according to the
manufacturer's instructions. Heat the block until the temperature is about 30

10
below the expected melting point. Insert the capillary tube into the heating block, and continue
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heating at a rate of temperature increase of about 1 to 2

/min until melting is complete. 
The temperature at which the detector signal first leaves its initial value indicates the
beginning of melting, and the temperature at which the detector signal reaches its final value
corresponds to the end of melting, or the melting point. The two temperatures fall within the
limits of the melting range. If melting occurs with decomposition, the melting temperature
corresponding to the beginning of the melting is within the range specified. In the event of
dispute, only the melting range or temperature obtained as directed for Class I, Apparatus I, is
definitive.

Procedure for Class Ia, Apparatus II: Prepare the test substance and charge the capillary as
directed for Class I, Apparatus I. Operate the apparatus according to the manufacturer's

instructions. Heat the block until the temperature is about 10  below the expected melting
point and is rising at a rate of 1 ± 0.5

about 1
/min. Insert the capillary as directed under Class I, Apparatus I when the temperature is about

5  below the lower limit of the expected melting range, and continue heating until melting is
complete. Record the melting range as directed for Class I, Apparatus I. If melting occurs with
decomposition, the melting temperature corresponding to the beginning of the melting is within
the range specified. In the event of dispute, only the melting range or temperature obtained as
directed for Class I, Apparatus I, is definitive.

Procedure for Class Ib, Apparatus II: Place the test substance in a closed container and

cool to 10 , or lower, for at least 2 h. Without previous powdering, charge the cooled material
into the capillary tube as directed for Class I, Apparatus I, then immediately place the charged
tube in a vacuum desiccator, and dry at a pressure not exceeding 20 mm of mercury for 3 h.
Immediately upon removal from the desiccator, fire-seal the open end of the tube, and as soon
as practicable proceed with the determination of the melting range as follows. Operate the
apparatus according to the manufacturer's instructions. Heat the block until the temperature is

about 10 ± 1

below the expected melting range, then introduce the charged tube, and heat at a rate of rise
of 3 ± 0.5

about 1
/min until melting is complete. Record the melting range as directed for Class I, Apparatus I. 
If the particle size of the material is too large for the capillary, precool the test substance as
directed above, then with as little pressure as possible gently crush the particles to fit the
capillary, and immediately charge the tube. In the event of dispute, only the melting range or
temperature obtained as directed for Class I, Apparatus I, is definitive.

Procedure for Class II: Carefully melt the material to be tested at as low a temperature as
possible, and draw it into a capillary tube, which is left open at both ends, to a depth of about

10 mm. Cool the charged tube at 10 , or lower, for 24 h, or in contact with ice for at least 2 h.
Then attach the tube to the thermometer by suitable means, adjust it in a water bath so that
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the upper edge of the material is 10 mm below the water level, and heat as directed for Class I,

Apparatus I except, within 5  of the expected melting temperature, to regulate the rate of rise

of temperature to 0.5  to
of about

1.0 /min. The temperature at which the material is observed to rise in the capillary tube is the
melting temperature.

Procedure for Class III: Melt a quantity of the test substance slowly, while stirring, until it

reaches a temperature of 90 –92 . Remove the source of the heat, and allow the molten

substance to cool to a temperature of 8 –10  above the expected melting point. Chill the bulb

of a suitable thermometer (see Thermometers 21 )

to 5 , wipe it dry, and while it is still cold dip it into the molten substance so that
approximately the lower half of the bulb is submerged. Withdraw it immediately, and hold it
vertically away from the heat until the wax surface dulls, then dip it for 5 min into a water bath

having a temperature NMT 16 . 
Fix the thermometer securely in a test tube so that the lower point is 15 mm above the bottom

of the test tube. Suspend the test tube in a water bath adjusted to about 16 , and raise the
temperature of the bath at the rate of
about

2 /min to 30 , then change to a rate of
about

1 /min, and note the temperature at which the first drop of melted substance leaves the
thermometer. Repeat the determination twice on a freshly melted portion of the test

substance. If the variation of three determinations is less than 1 , take the average of the

three as the melting point. If the variation of three determinations is 1  or greater than 1 ,
make two additional determinations and take the average of the five.

*  ASTM Method E77 deals with “Verification and Calibration of Liquid-in-glass Thermometers.”

BRIEFING

751  Metal Particles In Ophthalmic Ointments, USP 36 page 334. It is proposed to
delete this general test chapter. The proposal to revise general test chapter Ophthalmic

Ointments 771  in this issue of PF incorporates the content of 751  in the proposed 771

 section Particulate and Foreign Matter, along with other information and requirements. As a
consequence of this proposed change, monographs for ophthalmic ointments are also proposed

for revision with the deletion of references to 751 . The change to the affected monographs
is explained in the Briefing for Atropine Sulfate Ophthalmic Ointment elsewhere in this issue of
PF.

(GCDF : W. Brown.)
Correspondence Number—C133997
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Comment deadline: November 30, 2013

Delete the following:

751  METAL PARTICLES IN OPHTHALMIC OINTMENTS

The following test is designed to limit to a level considered to be unobjectionable the number
and size of discrete metal particles that may occur in ophthalmic ointments.

Procedure—Extrude, as completely as practicable, the contents of 10 tubes individually into
separate, clear, flat-bottom, 60-mm Petri dishes that are free from scratches. Cover the

dishes, and heat at 85  for 2 hours, increasing the temperature slightly if necessary to ensure
that a fully fluid state is obtained. Taking precautions against disturbing the melted sample,
allow each to cool to room temperature and to solidify. 
Remove the covers, and invert each Petri dish on the stage of a suitable microscope adjusted
to furnish 30 times magnification and equipped with an eye-piece micrometer disk that has
been calibrated at the magnification being used. In addition to the usual source of light, direct

an illuminator from above the ointment at a 45  angle. Examine the entire bottom of the Petri
dish for metal particles. Varying the intensity of the illuminator from above allows such metal
particles to be recognized by their characteristic reflection of light. 
Count the number of metal particles that are 50 µm or larger in any dimension: the
requirements are met if the total number of such particles in all 10 tubes does not exceed 50,
and if not more than 1 tube is found to contain more than 8 such particles. If these results are
not obtained, repeat the test on 20 additional tubes: the requirements are met if the total
number of metal particles that are 50 µm or larger in any dimension does not exceed 150 in all
30 tubes tested, and if not more than 3 of the tubes are found to contain more than 8 such
particles each.

BRIEFING

771  Ophthalmic Ointments, USP 36 page 342. It is proposed to revise this general test
chapter to include all dosage forms that can be applied to the eye and the quality tests that
are appropriate for those dosage forms. A new chapter, Ophthalmic Preparations—Performance

Tests 1771 , in which dissolution/drug release for these dosage forms is discussed, is also
being proposed in this issue of PF. A Stimuli article that will be published in this issue of PF
contains additional information on ophthalmic dosage forms and their critical quality attributes.

In addition, general test chapter Metal Particles in Ophthalmic Ointments 751  is being
proposed for omission.

Comments and suggestions on both chapter 771  and the Stimuli article should be sent to
Margareth Marques, Ph.D. at MRM@usp.org not later than Nov 30, 2013. A workshop will be
held at the USP headquartes in Rockville, MD, USA on Oct 21–22, 2013, to discuss all aspects
related to ophthalmic products. More information on the workshop and registration can be
found at http://www.usp.org/meetings-courses/workshops/ophthalmic-preparations.

(GCDF: M. Marques.)
Correspondence Number—C128799

Comment deadline: November 30, 2013
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Change to read:

771  OPHTHALMIC OINTMENTS
PREPARATIONS—QUALITY TESTS

Change to read:
Added Substances— Suitable substances may be added to ophthalmic ointments to increase
stability or usefulness, unless proscribed in the individual monograph, provided they are
harmless in the amounts administered and do not interfere with the therapeutic efficacy or with
the responses to the specified assays and tests. No coloring agent may be added, solely for
the purpose of coloring the finished preparation, to an article intended for ophthalmic use (see

also Added Substances under General Notices and under Antimicrobial Effectiveness Testing 

51 ).

A suitable substance or mixture of substances to prevent the growth of microorganisms must
be added to ophthalmic ointments that are packaged in multiple-use containers, regardless of
the method of sterilization employed, unless otherwise directed in the individual monograph, or
unless the formula itself is bacteriostatic. Such substances are used in concentrations that will
prevent the growth of or kill microorganisms in the ophthalmic ointments (see also Antimicrobial

Effectiveness Testing 51  and Antimicrobial Agents—Content 341 ). Sterilization
processes are employed for the finished ointment or for all ingredients, if the ointment is
manufactured under rigidly aseptic conditions, even though such substances are used (see also
Parenteral and Topical Preparations in the section Added Substances, under General Notices,

and Sterilization and Sterility Assurance of Compendial Articles 1211 ). Ophthalmic ointments
that are packaged in single-use containers are not required to contain antibacterial agents;

however, they meet the requirements for Sterility Tests 71 .

Containers—Containers, including the closures, for ophthalmic ointments do not interact
physically or chemically with the preparation in any manner to alter the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use.

Metal Particles—Follow the Procedure set forth under Metal Particles in Ophthalmic Ointments

751 .

Leakage—Select 10 tubes of the Ointment, with seals applied when specified. Thoroughly
clean and dry the exterior surfaces of each tube with an absorbent cloth. Place the tubes in a
horizontal position on a sheet of absorbent blotting paper in an oven maintained at a

temperature of 60 ± 3  for 8 hours. No significant leakage occurs during or at the completion of
the test (disregard traces of ointment presumed to originate externally from within the crimp of
the tube or from the thread of the cap). If leakage is observed from one, but not more than
one, of the tubes, repeat the test with 20 additional tubes of the Ointment. The requirement is
met if no leakage is observed from the first 10 tubes tested, or if leakage is observed from not
more than one of 30 tubes tested.

INTRODUCTION
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Ophthalmic preparations are sterile products that are intended for application to any ocular
structure, including any space adjacent to an ocular structure and its immediate surrounding
spaces. 
The route of administration for ophthalmic preparations falls into three general categories:
topical, intraocular injections, and extraocular injections. Topical drug products are intended to
be administered to an ocular surface component such as the eyelid, conjunctiva, or cornea,
and can produce local or systemic effects. Intraocular and extraocular injections are
administered through external boundary tissue. The ophthalmic routes of administration include,
but are not limited to, topical, subconjunctival, sub-tenons, subretinal, subchoroidal,
intracorneal, intrascleral, suprachoroidal, intravitreal, intracameral, justascleral, and retrobulbar
(see Figure 1). Ophthalmic preparations are administered to the eye in a wide variety of dosage
forms, including but not restricted to, solutions, suspensions, ointments, gels, emulsions, strips,
injections, inserts, and implants.

Figure 1. Some of the routes of administration in the eye.

OPHTHALMIC DOSAGE FORMS

[Note—All references to chapters above 1000  are for information purposes only, for use as
a helpful resource. These chapters are not mandatory unless explicity called out for
application.] 
This chapter discusses the specific characteristics of dosage forms that are administered to

any structure in the eye. See Pharmaceutical Dosage Forms 1151  for additional information
pertaining to the description and manufacturing of pharmaceutical dosage forms. 
Ophthalmic preparations have the same or similar requirements as injectables and implants. For

more information on the requirements for these dosage forms see Injections 1 . 
Depending on the formulation, container–closure system, and sterilization process, degradation
and/or morphological changes can occur during the sterilization step of the manufacturing
process and should be minimized. Temperatures required for autoclaving can cause irreversible
damage to certain dosage forms such as suspensions, semisolids, emulsions, and others, while
filtration is only applicable to formulations containing particulates with particle size less than
0.2 µm. An alternative is to manufacture the product from sterile ingredients in an aseptic
environment. 
For multidose products, a suitable antimicrobial preservative is required and its effectiveness
over the shelf life of the product must be verified.

Solutions

PF 39(5): Sep.-Oct. 2013 157



[Note—Included in this section are those solid preparations that, when reconstituted according
to the label instructions, result in a solution.] 
The corneal contact time of topical ophthalmic solutions increases with the viscosity of the
formulations. Several synthetic polymers, including but not limited to, polyvinylalcohol,
polyvinylpyrrolidone, polyethylene glycol, polyacrylic acid, and many cellulose derivatives such
as hypromellose and hydroxyethylcellulose, are commonly employed as viscosity enhancers
because of their physiologic compatibility and satisfactory physicochemical properties. 
Another approach to increase the corneal contact time involves use of polymers that provide
the liquid formulation with semisolid consistency only when it is placed in the conjunctival or
corneal area. In this way, easy instillation of the solution is followed by prolonged permanence
as a result of the viscoelastic properties of the formed hydrogel. Hydrogel, or water-based
gels, are three-dimensional networks of polymer chains containing water within the network.
The network can be either physically or chemically cross-linked (a covalent bonding) structures
between polymer chains. The water content of hydrogels can be adjusted by modulating the
composition and conformation of polymers, such as the hydrophilic/hydrophobic balance of
polymer chains and pendant groups, and the degree of cross-linking. The in situ gelling
phenomenon is caused by a change in the conformation of the polymer(s) that can be triggered
by external stimuli such as temperature, pH, ionic content, and lacrimal fluid, upon delivery to
the eye. Additionally, some polymers can interact, via noncovalent bonds, with conjunctival
mucin and maintain the formulation in contact with corneal tissues. 
Solutions can be injected not only by the intravitreal route but also through other routes such
as subconjunctival, sub-tenons, retrobulbar, suprachoroidal, and subretinal.

Suspensions

[Note—Included in this section are those solid preparations that, when reconstituted according
to the label instructions, result in a suspension.] 
Use of aqueous or oily suspensions may be considered for a number of reasons such as the
following: (1) for drugs that are poorly water soluble, (2) for drugs that have poor aqueous
stability, and (3) in cases where there is a need to increase contact time with the eye and to
increase wetting of the eye. The drug particle size is often reduced to levels smaller than 10
µm in an attempt to avoid excessive lachrymation. 
After topical instillation, particles are expected to be retained in the cul-de-sac, and the drug
slowly dissolves or is released from the polymeric structures by diffusion, dissolution, polymer
degradation, or ion-exchange. 
Suspensions can be injected not only by the intravitreal route but also through other routes
such as subconjunctival, sub-tenons, retrobulbar, suprachoroidal, and subretinal.

Ointments

Eye ointments are semisolid preparations usually intended for application to the conjunctiva,
cornea, or eyelid. They have longer contact time when compared to many solutions. 
A suitable ophthalmic ointment base is nonirritating to the eye and permits diffusion of the drug
substance throughout the secretions bathing the eye. 
The majority of water-free oleaginous eye ointment bases are composed of white petrolatum
and liquid petrolatum (mineral oil), or a modification of the petrolatum base formula. They are
designed to melt at body temperature. Other types of lipophilic ointment bases can also be
used. An anhydrous vehicle can be advantageous for moisture-sensitive drugs.
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Gels

Semisolid gel type preparations are an alternative to traditional ointments and are based on the
effect of increasing the viscosity to prolong the retention of the drug in the eye. Several types
of gelling agents can be used, such as polyacrylic acid derivatives, carbomer, and
hypromellose.

Emulsions

Topical ophthalmic emulsions are generally prepared by dissolving or dispersing the drug
substance into an oil phase, adding suitable emulsifying and suspending agents, and mixing with
water vigorously to form a uniform oil-in-water emulsion. Each phase is typically sterilized prior
to or during charging into the mixing vessel. High-shear homogenation may be employed to
reduce oil droplet size to submicron size which may improve the physical stability of the oil
micelles so that they do not coalesce. The resulting dosage form should contain small oil
droplets, uniformly suspended. 
Limited aqueous solubility of the drug substance(s) is the most common rationale for developing
an ophthalmic emulsion. The drug substance(s) can be added to the phase in which it is soluble
at the beginning of the manufacturing process, or it can be added after the emulsion is
prepared by a suitable dispersion process. 
Emulsion physical stability can be measured by light scattering techniques that characterize oil-
phase globule size distribution. Suitable surfactants may be added to improve emulsion stability.

Strips

Ophthalmic strips can have different ophthalmic uses including, but not limited to, use as a
diagnostic tool to visualize defects or aberrations in the corneal epithelium or to measure the
amount of tear production. They are made of filter paper and they can contain compounds
such as fluorescein sodium. They are individually packed to preserve sterility until the moment
of use.

Injections

Although injections are considered a dosage form for nomenclature purposes, they are not
treated as a dosage form in this chapter. Instead, refer to the appropriate physical form, such
as solution, suspension, etc., for general information.

Inserts

Ophthalmic inserts and ocular systems are solid dosage forms of appropriate size and shape
that are placed in the conjunctival fornix, in the lachrimal punctum (Figure 2), or on the
cornea. Inserts can usually be removed if adverse effects develop. They provide extended-
release of the drug over a certain period of time. They can be classified as erodible (soluble) or
nonerodible (insoluble). Drug release from soluble inserts involves two steps: (1) fast release of
a portion of the drug as the tear fluid penetrates into the system, and (2) slow release as a gel
layer is formed on the surface of the insert. Collagen shields made from porcine sclera collagen
or bovine corium tissue, and devices obtained by molding, extrusion, or compression
(minitablets) of gelling polymers, belong to this category. Bioerodible polymers (e.g., cross-
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linked gelatin derivatives and polyesters) can be used to prepare erodible inserts. These
matrices act as reservoirs or interact with the drug molecules through labile bonds.

Figure 2. Lachrimal punctum.

Soluble inserts can have the drug incorporated into an erodible matrix such as hydroxypropyl
cellulose, hyaluronic acid, carbomer, or polyacrylic acid. They may be placed in the lower cul-
de-sac and generally dissolve within 12–24 h. Erodible polymeric products undergo gradual
dissolution while releasing the drug, and the patient does not have to remove it following use. 
Insoluble inserts can have a reservoir or matrix structure. Their mechanism of action is based
on diffusion of a fluid into the device, dissolving the drug, and creating a saturated solution
released to the medium by diffusion out of the insert. The inserts need to be removed after a
certain period of time.

Implants

Implants are injected or implanted into the intracameral or intravitreal cavities and they can be
in different shapes, such as a disc or thin rod. They can be made of nonbiodegradable or
biodegradable polymers. Biodegradable polymers can be used to form injectable solid implants. 
Among the types of nonbiodegradable solid implants are reservoir-type implants anchored to
the sclera, in which the drug is released across a nonbiodegradable semipermeable polymer.
They can be made of a variety of materials including polyvinyl alcohol–ethylene vinyl acetate.

Drug–Device Combination Products

An ophthalmic drug–device combination product is constituted, in most cases, of two
components. One is a pharmaceutical dosage form containing the drug substance(s) and the
other is a device that will activate or facilitate the penetration of the drug substance(s) from
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the dosage form into a particular region of the eye. Some examples of the devices are those
that generate waveforms (heat or light). 
This chapter is applicable only to the pharmaceutical dosage form component of the ophthalmic
drug–device combination product. The appropriate FDA regulations regarding medical devices
should be used for the device component.

DRUG PRODUCT QUALITY

Procedures and acceptance criteria for testing ophthalmic preparations are divided into two
categories: (1) those that assess general quality attributes, for example, identification,
potency, purity (and impurities), sterility, and particulate matter; and (2) those that assess in
vitro product performance, i.e., dissolution or drug release of the drug substance from the drug
product. Quality tests assess the integrity of the dosage form, whereas the performance tests
assess drug release and other attributes that relate to in vivo drug performance. Taken
together, quality and performance tests assure the identity, strength, quality, purity, and
efficacy of the drug product. This chapter addresses the quality tests for ophthalmic products.
The performance tests (dissolution/drug release) are addressed by general information chapter

Ophthalmic Preparations—Performance Tests 1771 .

Universal Tests

In this chapter the division of the product quality tests in universal and specific tests does not
strictly follow the ICH guidance Q6A Specifications: Test Procedures and Acceptance Criteria
for New Drug Substances and New Drug Products: Chemical Substances (available at
www.ich.org). Universal tests in this chapter mean the tests that are applicable to all
ophthalmic products regardless of the dosage form type.

Description: A qualitative description of the drug product should be provided. The acceptance
criteria should contain the final acceptable appearance, including clarity and color, of the
dosage form and packaging. If color changes during storage, a quantitative procedure may be
appropriate. This is not a compendial test but is part of the manufacturer's specification of the
drug product.

Identification: Identification tests are discussed in General Notices and Requirements, 5.40
Identity. Identification tests should establish the identity of the drug or drugs present in the
article and should discriminate between compounds of closely related structures that are likely
to be present. Identity tests should be specific for the drug substance(s) [e.g., infrared (IR)
spectroscopy]. Near-infrared (NIR) or Raman spectrophotometric methods also could be

acceptable for the identification of the drug product (see Near-Infrared Spectroscopy 1119

and Raman Spectroscopy 1120 ). The most widely used identification procedures for drug
substance(s) contained in pharmaceutical dosage forms are chromatographic procedures with

comparison to the appropriate standards (see Chromatography 621  and Thin-Layer

Chromatographic Identification Test 201 ). Identification by use of a single chromatographic
retention time does not constitute a specific test.

Assay: A specific and stability-indicating test should be used to determine the strength
(content) of the drug product. In cases where the use of a nonspecific assay test is justified,

PF 39(5): Sep.-Oct. 2013 161



other supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay test. Additional information on specific assays may be found in Antibiotics—Microbial

Assays 81 , 621 , Spectrophotometry and Light-Scattering 851 , and Ion

Chromatography 1065 .

Impurities: Process impurities, synthetic byproducts, and other inorganic and organic
impurities may be present in the drug substance and excipients used in the manufacture of the
drug product. These impurities are controlled by the drug substance and excipient monographs.
Organic impurities arising from the degradation of the drug substance in the drug product and
those arising during the manufacturing process of the drug product should be monitored. All

articles meet the requirements in Elemental Impurities—Limits 232  and Residual Solvents 

467 .

pH: See pH 791 . Normal tears have a pH of about 7.4. The eye can tolerate preparations
over a range of pH values from about 3.0 to about 8.6, depending on the formulation buffer
capacity. The pH value of the formulation should be the one where the drug product is the
most stable. Formulations that target the extremes of the acceptable pH range will have better
patient acceptability if they have a low buffering capacity.

Osmolarity: See Osmolality and Osmolarity 785 . Ophthalmic products may be tolerated
over a fairly wide range of tonicity (0.5%–5% sodium chloride, equivalent to about 171–1711
mOsm/kg). Hypotonic solutions are better tolerated than hypertonic solutions. Precautions
should be taken to ensure that the product maintains its osmolarity during the shelf life. Any
possible contributions or interferences from the packaging system should be considered.

Particulate and foreign matter: All ophthalmic preparations, including solutions, suspensions,
emulsions, and implants, intended for ophthalmic injection must be inspected to the extent
possible for the presence of observable foreign and particulate matter. Qualification of the
inspection process should be performed with reference to particulates in the visible range and
of a type that might emanate from the manufacturing or filling process. The inspection for
visible particulates may take place during inspection for other critical attributes such as molding
abnormalities or cracked or defective containers or seals, or when characterizing the
appearance of lyophilized products. 
Ophthalmic preparations, including solutions, suspensions, emulsions, and implants and their
packaging should be developed and manufactured in a manner designed to exclude foreign
visible particulate matter and to minimize the content of foreign subvisible particulate matter,
as appropriate for the dosage form. Containers for ophthalmic use must be evaluated for
cleanliness and must be shown to be free of hard particulate matter such as metal or glass. 
Specifically for ophthalmic solutions, 100% inspection of all final packages is required.
Alternative methods may be used to evaluate the presence of visible particles that may not be

evident within translucent to opaque packages, as defined in Visible Particulates in Injections 

790 . Further, subvisible particulate matter content must be determined by the methods and

limits defined in Particulate Matter in Ophthalmic Solutions 789 . The limits found in 789
were developed for these products in order to provide greater assurance that ophthalmic
solution batches are essentially free of visible particles because of the inability for direct
examination of the product fill within translucent to opaque containers. Preparations for direct
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injection into the eye must comply with 789  limits. Ophthalmic products may need to be
dissolved in a suitable particle-free solvent before conducting suitable electronic or micrsocopic
particle determination. The presence of visible particulate matter must be noted as part of this
determination. All ophthalmic preparations should not exceed predetermined particle limits
throughout their intended shelf life.

Sterility: Ophthalmic dosage forms shall meet the requirements of Sterility Tests 71 . If the
specific ingredients used in the formulation do not lend themselves to routine sterilization

techniques, ingredients that meet the sterility requirements described in 71 , along with
aseptic manufacture, may be used. The immediate container for ophthalmic preparations shall
be sterile at the time of filling and closing. It is mandatory that the immediate containers for
ophthalmic preparations be sealed and tamper-proof so that sterility is ensured at the time of
first use.

Antimicrobial preservatives: Antimicrobial agents must be added to preparations that are
packaged in containers that allow for the withdrawal or administration of multiple doses, unless
one of the following conditions prevails: (1) there are different directions in the individual
monograph, (2) the substance contains a radionuclide with a physical half-life of less than 24
h, (3) the drug product without additional agents is sufficiently microbicidal to meet the

requirements of Antimicrobial Effectiveness Testing 51 . Substances must meet the

requirements of 51  and Antimicrobial Agents—Content 341 . Acceptance criteria for
antimicrobial preservative content in multiple-unit products should be established.

Bacterial endotoxins: All injected ophthalmic drug products shall be prepared in a manner

designed to minimize bacterial endotoxins as defined in Bacterial Endotoxins Test 85  and

Pyrogen Test 151 .

Uniformity of dosage units: This test is applicable to dosage forms packaged in single-unit
containers. It includes both the mass of the dosage form and the content of the drug
substance(s) in the dosage form. The test can be performed by either content uniformity or

weight variation (see Uniformity of Dosage Units 905 ).

Uniformity in containers: Semisolid drug products may show physical separation during
manufacturing processes and/or during the shelf life. To ensure the integrity of the drug
product, it is essential to evaluate the uniformity of the finished product at the time of batch
release and throughout its assigned shelf life. See Topical and Transdermal Drug Products—

Product Quality Tests 3 , Uniformity in Containers.

Container contents: Container contents of ophthalmic products should be determined (see

Minimum Fill 755 ).

Leachables and extractables: The packaging system should not interact physically or
chemically with the preparation in any manner to alter the strength, quality, or purity of the
drug product. The packaging system should meet the requirements in Elastomeric Closures for

Injections 381 , Containers—Glass 660 , Plastic Materials of Construction 661.1 , and

Plastic Packaging Systems for Pharmaceutical Use 661.2 . Further information regarding
packaging systems testing can be found in Assessment of Extractables Associated with
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Pharmaceutical Packaging/Delivery Systems 1663  and Assessment of Drug Product

Leachables Associated with Pharmaceutical Packaging/Delivery Systems 1664 .

Container closure integrity: The packaging system should be closed or sealed in such a
manner as to prevent contamination or loss of contents and should provide evidence of being
tamper-proof. Validation of container integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities (see Sterile Product Packaging—Integrity

Evaluation 1207 ).

Specific Tests

Viscosity: An increase in viscosity increases the residence time in the eye. However, drug
diffusion out of the formulation into the eye may be inhibited due to high product viscosity.
Ophthalmic ointments are designed to be of very high viscosity to prolong the residence time in
the eye. This is not a compendial test but is part of the manufacturer's specification of the

drug product. See Viscosity—Capillary Viscometer Methods 911 , Rotational Rheometer

Methods 912 , and Rolling Ball Viscometer Method 913 .

Antioxidant content: If antioxidants are present in the drug product, tests of their content
should be established unless oxidative degradation can be detected by another test method
such as impurity testing. Acceptance criteria for antioxidant content should be established.
They should be based on the levels of antioxidant necessary to maintain the product's stability
at all stages throughout its proposed usage and shelf life.

Resuspendibility/redispersability: Consideration must be given to establishing good physical
stability of a suspension. If the particles settle and eventually produce a cake at the bottom of
the container, they must redisperse readily at the time of use to achieve dosage uniformity.

Particle size and particle size distribution: The potential for any changes in the particle size
of ophthalmic suspensions and emulsions needs to be evaluated through stability testing (see

Light Diffraction Measurement of Particle Size 429 ).

Drop size: For ophthalmic drug products dispensed as drops, drop sizes may typically range
from 20 to 70 µL. However, the drop size for any individual product should be controlled and
maintained throughout the product shelf life.

Added substances: Suitable substances may be added to ophthalmic preparations to increase
stability unless proscribed in the individual monograph, provided they are harmless in the
amounts administered and do not interfere with therapeutic efficacy or with responses to the
specified assays and tests. The use of ingredients solely to impart a color, odor, or flavor is
prohibited.

BRIEFING

781  Optical Rotation, USP 36 page 344. On the basis of comments received, it is
proposed to revise this chapter providing a default procedure and specifying the cell length for
Specific Rotation. It is also proposed to update the footnote regarding the availability of
reference materials for calibration. Editorial changes were made for improvement and
consistency.
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781  OPTICAL ROTATION

Change to read:

INTRODUCTION

Many pharmaceutical substances are optically active in the sense that they rotate an incident
plane of polarized light so that the transmitted light emerges at a measurable angle to the
plane of the incident light. This property is characteristic of some crystals and of many
pharmaceutical liquids or solutions of solids. Where the property is possessed by a liquid or by a
solute in solution, it is generally the result of the presence of one or more asymmetric centers,
usually a carbon atom with four different substituents. The number of optical isomers is 2n,
where n is the number of asymmetric centers. Polarimetry, the measurement of optical rotation,
of a pharmaceutical article may be the only convenient means for distinguishing optically active
isomers from each other and thus is an important criterion of identity and purity. 
Substances that may show optical rotatory power are chiral. Those that rotate light in a
clockwise direction as viewed towards the light source are dextrorotatory, or (+) optical
isomers. Those that rotate light in the opposite direction are called levorotatory or (–) optical
isomers. (The symbols d- and l-, formerly used to indicate dextro- and levorotatory isomers, are
no longer sanctioned owing to confusion with d- and l-, which refer to configuration relative to

d-glyceraldehyde. The symbols R and S and  and  are also used to indicate configuration,
the arrangement of atoms or groups of atoms in space.) 
The physicochemical properties of nonsuperimposable chiral substances rotating plane polarized
light in opposite directions to the same extent, enantiomers, are identical, except for this
property and in their reactions with other chiral substances. Enantiomers often exhibit profound
differences in pharmacology and toxicology, owing to the fact that biological receptors and
enzymes themselves are chiral. Many articles from natural sources, such as amino acids,
proteins, alkaloids, antibiotics, glycosides, and sugars, exist as chiral compounds. Synthesis of
such compounds from nonchiral materials results in equal numbers of the enantiomers,
usually results in equal amounts of the enantiomers, i.e.,

racemates. Racemates have a net null optical rotation, and their physical properties may differ
from those of the component enantiomers. Use of stereoselective or stereospecific synthetic
methods or separation of racemic mixtures can be used to obtain individual optical isomers. 
Measurement of optical rotation is performed using a polarimeter.1 The general equation used in
polarimetry is:

2S (USP37)
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where [ ] is the specific rotation at wavelength , t is the temperature, a is the observed

rotation in degrees ( ), l is the pathlength in decimeters, and c is the concentration of the

analyte in g per 100 mL. Thus, [ ] is 100 times the measured value, in degrees ( ), for a
solution containing 1 g in 100 mL, measured in a cell having a pathlength of 1.0 dm under
defined conditions of incident wavelength of light and temperature. For some Pharmacopeial
articles, especially liquids such as essential oils, the optical rotation requirement is expressed in
terms of the observed rotation, a, measured under conditions defined in the monograph. 
Historically, polarimetry was performed using an instrument where the extent of optical rotation
is estimated by visual matching of the intensity of split fields. For this reason, the d-line of the
sodium lamp at the visible wavelength of 589 nm was most often employed. Specific rotation
determined at the d-line is expressed by the symbol:

and much of the data available are expressed in this form. Use of lower wavelengths, such as
those available with the mercury lamp lines isolated by means of filters of maximum
transmittance at approximately 578, 546, 436, 405, and 365 nm in a photoelectric polarimeter,
has been found to provide advantages in sensitivity with a consequent reduction in the
concentration of the test compound. In general, the observed optical rotation at 436 nm is
about double and at 365 nm about three times that at 589 nm. Reduction in the concentration
of the solute required for measurement may sometimes be accomplished by conversion of the
substance under test to one that has a significantly higher optical rotation. Optical rotation is
also affected by the solvent used for the measurement, and this is always specified. 
It is now common practice to use other light sources, such as xenon or tungsten halogen, with
appropriate filters, because these may offer advantages of cost, long life, and broad
wavelength emission range, over traditional light sources.
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Change to read:

PROCEDURES

Specific Rotation

The reference Specific Rotation 781S  in a monograph signifies that specific rotation is to be
calculated from observed optical rotations in the Test solution or Sample solution obtained as
directed therein. Unless otherwise directed, measurements of optical rotation are made
in a 1.0-dm tube

0 at 589 nm at 25 . Where a photoelectric polarimeter is used, a single measurement,
corrected for the solvent blank, is made. Where a visual polarimeter is employed, the average
of no fewer than five determinations, corrected for the reading of the same tube with a solvent
blank, is used. Temperature, which applies to the solution or the liquid under test, should be

maintained within 0.5  of the stated value. Use the same cell for sample and blank. Maintain
the same angular orientation of the cell in each reading. Place the cell so that the light passes
through it in the same direction each time. Unless otherwise specified, specific rotation is
calculated on the dried basis where Loss on Drying is specified in the monograph, or on the
anhydrous basis where Water is specified. 
Optical rotation of solutions should be determined within 30 min of preparation. In the case of
substances known to undergo racemization or mutarotation, care should be taken to
standardize the time between adding the solute to the solvent and introduction of the solution
into the polarimeter tube.

Angular Rotation

The reference Angular Rotation 781A  in a monograph signifies, unless otherwise directed,

that the optical rotation of the neat liquid is measured in a 1.0-dm tube at 589 nm at 25 ,
corrected for the reading of the dry empty tube.

1  Suitable calibrators are available from the Office of Standard Reference Materials, National Institute of
Standards and Technology (NIST), Gaithersburg, MD 20899, as current lots of Standard Reference Materials,
Dextrose and Sucrose. Alternatively, calibration may be checked using a Polarization Reference Standard,
which consists of a plate of quartz mounted in a holder perpendicular to the light path. These standards are
available, traceable to NIST, from Rudolph Research Analytical, 354 Route 206, Flanders, NJ 07836, or from
Rudolph Instruments, Inc., 40 Pier Lane, Fairfield, NJ 07004-2113.

BRIEFING

791  pH, USP 36 page 354. This chapter is being updated to include contemporary
terminology and modern operating procedure of pH sensors and measuring systems, to increase
flexibility in the selection of pH buffers used for calibration, and to harmonize the calibration
requirements with European Pharmacopoeia. There is a change in the calibration procedure and
performance requirement to support a harmonized method and accuracy.

(GCCA : A. Hernandez-Cardoso.)
Correspondence Number—C133391
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791  pH

Change to read:

For compendial purposes, pH is defined as the value given by a suitable, properly standardized,
potentiometric instrument (pH meter) capable of reproducing pH values to 0.02 pH unit using an
indicator electrode sensitive to hydrogen-ion activity, the glass electrode, and a suitable
reference electrode. The instrument should be capable of sensing the potential across the
electrode pair and, for pH standardization purposes, applying an adjustable potential to the
circuit by manipulation of “standardization,” “zero,” “asymmetry,” or “calibration” control, and
should be able to control the change in millivolts per unit change in pH reading through a

“temperature” and/or “slope” control. Measurements are made at 25 ± 2 , unless otherwise
specified in the individual monograph or herein.

The pH scale is defined by the equation:

pH = pHs + (E  ES)/k

in which E and ES are the measured potentials where the galvanic cell contains the solution
under test, represented by pH, and the appropriate Buffer Solution for Standardization,
represented by pHs, respectively. The value of k is the change in potential per unit change in

pH and is theoretically [0.05916 + 0.000198(t  25 )] volts at any temperature t.

It should be emphasized that the definitions of pH, the pH scale, and the values assigned to
the Buffer Solutions for Standardization are for the purpose of establishing a practical,
operational system so that results may be compared between laboratories. The pH values thus

measured do not correspond exactly to those obtained by the definition, pH =  log aH
+. So

long as the solution being measured is sufficiently similar in composition to the buffer used for
standardization, the operational pH corresponds fairly closely to the theoretical pH. Although no
claim is made with respect to the suitability of the system for measuring hydrogen-ion activity
or concentration, the values obtained are closely related to the activity of the hydrogen-ion in
aqueous solutions.

Where a pH meter is standardized by use of an aqueous buffer and then used to measure the
“pH” of a nonaqueous solution or suspension, the ionization constant of the acid or base, the
dielectric constant of the medium, the liquid-junction potential (which may give rise to errors of
approximately 1 pH unit), and the hydrogen-ion response of the glass electrode are all
changed. For these reasons, the values so obtained with solutions that are only partially
aqueous in character can be regarded only as apparent pH values.

BUFFER SOLUTIONS FOR STANDARDIZATION OF THE PH METER

Buffer Solutions for Standardization are to be prepared as directed in the accompanying table.*

Buffer salts of requisite purity can be obtained from the National Institute of Science and
Technology. Solutions may be stored in hard glass or polyethylene bottles fitted with a tight
closure or carbon dioxide-absorbing tube (soda lime). Fresh solutions should be prepared at
intervals not to exceed 3 months using carbon dioxide-free water. The table indicates the pH of
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the buffer solutions as a function of temperature. The instructions presented here are for the
preparation of solutions having the designated molal (m) concentrations. For convenience, and
to facilitate their preparation, however, instructions are given in terms of dilution to a 1000-mL
volume rather than specifying the use of 1000 g of solvent, which is the basis of the molality
system of solution concentration. The indicated quantities cannot be computed simply without
additional information.

pH Values of Buffer Solutions for Standardization

Temperature,

C
Potassium

Tetraoxalate, 0.05 m
Potassium

Biphthalate, 0.05 m
Equimolal

Phosphate, 0.05 m

Sodium
Tetraborate, 

0.01 m

Calcium
Hydroxide, 

Saturated at

25

10 1.67 4.00 6.92 9.33 13.00

15 1.67 4.00 6.90 9.28 12.81

20 1.68 4.00 6.88 9.23 12.63

25 1.68 4.01 6.86 9.18 12.45

30 1.68 4.02 6.85 9.14 12.29

35 1.69 4.02 6.84 9.10 12.13

40 1.69 4.04 6.84 9.07 11.98

45 1.70 4.05 6.83 9.04 11.84

50 1.71 4.06 6.83 9.01 11.71

55 1.72 4.08 6.83 8.99 11.57

60 1.72 4.09 6.84 8.96 11.45

Potassium Tetraoxalate, 0.05 m—Dissolve 12.61 g of KH3(C2O4)2·2H2O in water to make
1000 mL.

Potassium Biphthalate, 0.05 m—Dissolve 10.12 g of KHC8H4O4, previously dried at 110  for 1
hour, in water to make 1000 mL.

Equimolal Phosphate, 0.05 m—Dissolve 3.53 g of Na2HPO4 and 3.39 g of KH2PO4, each

previously dried at 120  for 2 hours, in water to make 1000 mL.

Sodium Tetraborate, 0.01 m—Dissolve 3.80 g of Na2B4O7·10H2O in water to make 1000 mL.
Protect from absorption of carbon dioxide.

Calcium Hydroxide, saturated at 25 —Shake an excess of calcium hydroxide with water, and

decant at 25  before use. Protect from absorption of carbon dioxide. 
Because of variations in the nature and operation of the available pH meters, it is not
practicable to give universally applicable directions for the potentiometric determinations of pH.
The general principles to be followed in carrying out the instructions provided for each
instrument by its manufacturer are set forth in the following paragraphs. Examine the
electrodes and, if present, the salt bridge prior to use. If necessary, replenish the salt bridge
solution, and observe other precautions indicated by the instrument or electrode manufacturer.
To standardize the pH meter, select two Buffer Solutions for Standardization whose difference
in pH does not exceed 4 units and such that the expected pH of the material under test falls
between them. Fill the cell with one of the Buffer Solutions for Standardization at the
temperature at which the test material is to be measured. Set the “temperature” control at the
temperature of the solution, and adjust the calibration control to make the observed pH value
identical with that tabulated. Rinse the electrodes and cell with several portions of the second
Buffer Solution for Standardization, then fill the cell with it, at the same temperature as the
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material to be measured. The pH of the second buffer solution is within ±0.07 pH unit of the
tabulated value. If a larger deviation is noted, examine the electrodes and, if they are faulty,
replace them. Adjust the “slope” or “temperature” control to make the observed pH value
identical with that tabulated. Repeat the standardization until both Buffer Solutions for
Standardization give observed pH values within 0.02 pH unit of the tabulated value without
further adjustment of the controls. When the system is functioning satisfactorily, rinse the
electrodes and cell several times with a few portions of the test material, fill the cell with the
test material, and read the pH value. Use carbon dioxide-free water (see Water in the section
Reagents, Indicators, and Solutions) for solution or dilution of test material in pH
determinations. In all pH measurements, allow a sufficient time for stabilization. 
Where approximate pH values suffice, indicators and test papers (see Indicators and Indicator
Test Papers, in the section Reagents, Indicators, and Solutions) may be suitable. 
For a discussion of buffers, and for the composition of standard buffer solutions called for in
compendial tests and assays, see Buffer Solutions in the section Reagents, Indicators, and
Solutions.

INTRODUCTION

For compendial purposes, pH is defined as the value given by a suitable, properly standardized,
potentiometric sensor and measuring system. [Note—The measuring system has traditionally
been referred to as the “pH meter”. While the pH meter is still in common use, the measuring
system can also be embedded inside the pH sensor, and the pH signal can be transmitted
digitally to an external device such as a computer, Programmable Logic Controller (PLC),
Distributed Control System (DCS), data acquisition system, terminal, or other microprocessor-

controlled device.] By definition, pH is equal to log10[aH
+] where aH

+ is the activity of the

hydrogen (H+) or hydronium ion (H3O+), and the hydrogen ion activity very closely
approximates the hydrogen ion concentration. 
The practical pH scale is defined:

pH = pHs + [(E  ES)/k]

E = measured potential where the galvanic cell contains the solution under test (pH) 
ES = measured potential where the galvanic cell contains the appropriate Buffer Solution for
Standardization (pHs) 
k = change in potential per unit change in pH and is derived from the Nernst equation (as
follows)

k = loge(10) x (RT/nF)

R = 8.314 J/mole/ K 

T = temperature ( K) 
n = moles per half-reaction 
F = Faraday constant, 96485 C/mole
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The resulting equation is [0.05916 + 0.0001984(T  25 )] volts at temperature T. Values of k

from 15 –35  are provided in Table 1.

Table 1. Values of k for Various Temperatures

Temperature
( C)

k 
(V)

15.00 0.05718
20.00 0.05817
25.00 0.05916
30.00 0.06016
35.00 0.06115

Values of k at other temperatures can be determined from the equation above. For practical
purposes, values of k are determined from pH sensor calibration.

PH MEASUREMENT SYSTEM

The measurement system consists of: (1) a measuring electrode sensitive to hydrogen-ion
activity, typically a glass electrode, though other electrode types are possible, (2) a suitable
reference electrode, for example, a silver–silver chloride electrode, and (3) a voltage
measurement system with an input resistance capable of measuring at a high input impedance
of the pH sensor. The measuring and reference electrode may be separated or combined. The
voltage measurement system may be separated from the pH sensor or integrated into the
sensor. For most applications, a temperature measurement will be necessary for compensation
of the Nernst temperature influence described above. A temperature device may be embedded
into the pH sensor, or an external temperature device may be used.

INSTRUMENT REQUIREMENTS

The measurement system shall be capable of performing a 2-point pH calibration (see below).
The accuracy of the pH measurement system is described in the Calibration section. The
resolution of the pH measurement system shall be at least 0.01 pH. The instrument shall be
capable of temperature-compensating the pH sensor measurement to convert the millivolt
signal to pH units at any temperature, either automatically using a temperature device built into
the sensor system or by manual entry of the sample temperature into the measurement

system. The accuracy of the temperature measurement system shall be at least 1  C. The

resolution of the temperature measurement system shall be at least 0.1  C. Lab-based pH

measurements are typically performed at 25 ± 2  C unless otherwise specified in the individual
monograph or herein. However, temperatures outside this range are acceptable if samples are
more conveniently prepared at alternative temperatures. Examples of non-lab-based
measurements include test samples inside process pipes, vessels, tanks, and other non-
standard processing conditions. [Note—The definitions of pH, the pH scale, and the values
assigned to the Buffer solutions for standardization are for the purpose of establishing a
practical, operational system so that results may be compared between laboratories. The
measured pH values do not necessarily correspond exactly to those obtained by the definition,

pH =  log aH
+, rather the values obtained are closely related to the activity of the hydrogen-
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ion in aqueous solutions.] [Note—Where a pH measurement system is standardized by use of an
aqueous buffer and then used to measure the “pH” of a nonaqueous solution or suspension, the
ionization constant of the acid or base, the dielectric constant of the medium, the liquid-
junction potential (which may give rise to errors of approximately 1 pH unit), and the hydrogen-
ion response of the glass electrode are all changed. For these reasons, the values so obtained
with solutions that are only partially aqueous in character can be regarded only as apparent pH
values.]

MEASUREMENT SYSTEM

Buffer solutions for standardization are prepared as directed in Table 2.1 Buffer salts of
requisite purity can be obtained from the National Institute of Science and Technology, other
national authorities, or other suppliers. Buffer solutions should be stored in appropriate
containers that ensure stability of the pH through the expiry date, and fitted with a tight
closure. For buffer solutions greater than 11, the storage should be in containers that are
resistant to or reduce carbon dioxide intrusion which would lower the pH of the buffer. For
buffer solutions lower than 11, they should typically be prepared at intervals not to exceed 3
months. For buffer solutions greater than 11, they should typically be prepared and used fresh
unless carbon dioxide ingress is restricted. All buffer solutions should be prepared using Purified
Water. Table 2 indicates the pH of the buffer solutions as a function of temperature. The
instructions presented here are intended for the preparation of solutions having the designated
molal (m) concentrations. However, in order to facilitate their preparation, the instructions are
given in molarity. The difference in concentration between molality and molarity preparations
for these buffer solutions is less than 1%, and the pH difference is negligible. Calibration using
buffer solutions shall be done in the temperature range of the buffers listed in Table 2. [Note
—The Nernst temperature compensation corrects only for the electrode millivolt output change
with temperature, not the actual pH change of the buffer solution with temperature which is
unique for each buffer.] Features such as automatic buffer recognition or buffer pH–
temperature correction are available for convenience in accommodating the temperature
influence on buffer solutions. The pH–temperature response can be determined from the values
in Table 2.

Table 2. pH Values of Buffer Solutions for Standardization

Temperature

( C)

Potassium
Tetraoxalate,

0.05 m

Potassium
Hydrogen
Tartrate

Saturated

at 25

Potassium
Dihydrogen

Citrate,
0.05 M

Potassium
Biphthalate,

0.05 m

Equimolal
Phosphate,

0.05 m

Potassium
Dihydrogen
Phosphate,

0.0087 M, and
Disodium

Dihydrogen
Phosphate,
0.0303 M

Sodium
Tetraborate,

0.01 m

Sodium
Carbonate,

0.025 M,
and Sodium
Bicarbonate,

0.025 M

Calcium
Hydroxide,
Saturated

at 25

10 1.67 — — 4.00 6.92 — 9.33 — 13.00

15 1.67 — 3.80 4.00 6.90 7.45 9.28 10.12 12.81

20 1.68 — 3.79 4.00 6.88 7.43 9.23 10.06 12.63

25 1.68 3.56 3.78 4.01 6.86 7.41 9.18 10.01 12.45

30 1.68 3.55 3.77 4.02 6.85 7.40 9.14 9.97 12.29

35 1.69 3.55 3.76 4.02 6.84 7.39 9.10 9.93 12.13

40 1.69 — — 4.04 6.84 — 9.07 — 11.98

45 1.70 — — 4.05 6.83 — 9.04 — 11.84

50 1.71 — — 4.06 6.83 — 9.01 — 11.71

55 1.72 — — 4.08 6.83 — 8.99 — 11.57

60 1.72 — — 4.09 6.84 — 8.96 — 11.45

D

pH/

D

C 0.0010 0.0014 0.0022 0.0018 0.0016 0.0028 0.0074 0.0096 0.0310

Preparation of alternative volumes at the same concentrations to those indicated below is
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acceptable.

Potassium tetraoxalate, 0.05 m: Dissolve 12.61 g of KH3(C2O4)2·2H2O, and dilute with water
to make 1000.0 mL.

Potassium hydrogen tartrate, saturated at 25 : Add C4H5KO6 to water until saturation is

exceeded at 25 . Then filter or decant.

Potassium dihydrogen citrate, 0.05 M: Dissolve 11.41 g C6H7KO4, and dilute with water to
make 1000.0 mL.

Potassium biphthalate, 0.05 m: Dissolve 10.12 g of KHC8H4O4, previously dried at 110  for 1
h, and dilute with water to make 1000.0 mL.

Equimolal phosphate, 0.05 m: Dissolve 3.53 g of Na2HPO4 and 3.39 g of KH2PO4, each

previously dried at 120  for 2 h, and dilute with water to make 1000.0 mL.

Potassium dihydrogen phosphate, 0.0087 M, and disodium hydrogen phosphate, 0.0303

M: Dissolve 1.18 g of KH2PO4 and 4.30 g Na2HPO4, both dried for 2 h at 120 ± 2 , and dilute
with water to make 1000.0 mL.

Sodium tetraborate, 0.01 m: Dissolve 3.80 g of Na2B4O7·10H2O, and dilute with water to
make 1000.0 mL. Protect from absorption of carbon dioxide.

Sodium carbonate, 0.025 M, and sodium hydrogen carbonate, 0.025 M: Dissolve 2.64 g of
Na2CO3 and 2.09 g NaHCO3, and dilute with water to make 1000.0 mL.

Calcium hydroxide, saturated at 25 : Add Ca(OH)2 to water until saturation is exceeded at

25 . Use water that has been recently boiled and protected from atmosphere to limit carbon
dioxide absorption. Then filter or decant.

CALIBRATION

Because of variations in the nature and operation of the available pH measurement systems, it
is not practical to provide universal directions for the standardization of the measurement
system. However, the general principles to be followed are set forth in the following
paragraphs. Examine the electrodes, especially the reference electrode and electrolyte level, if
a liquid electrolyte is used. If necessary, replenish electrolyte supply, and observe other
precautions indicated by the instrument and electrode manufacturers. 
The calibration or verification of the pH measurement system should be periodically executed.
The historical performance of the measurement system, the criticality of the pH measurement,
the maintenance of the pH sensor, and the frequency of measurement operation is used to
determine the frequency of the calibration/verification. 
If the pH of the buffer is sensitive to ambient carbon dioxide, then use Purified Water that has
been recently boiled, and subsequently stored in a container designed to minimize ingress of
carbon dioxide.

1. To standardize the pH measurement system, select three Buffer solutions for
standardization from Table 2 such that the expected pH of the material under test falls
within their range. Two of the buffers are used for the calibration process, and the third
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buffer is used for verification. The value of the verification buffer should be between
the calibration buffers. If the operational range of the pH sensor is beyond the pH range
of the buffer solutions in Table 2, then either 1) select two nearby pH buffers from
Table 2 or 2) select one from Table 2 and another documented prepared buffer that is
outside the range.

2. Rinse the pH sensor several times with water, then with the first buffer solution.
3. Immerse the pH sensor in the first buffer solution at a temperature within the range of

Table 2.
4. If automatic temperature measurement and compensation is not included in the

measuring system, manually enter the temperature of the buffer and pH value of the
buffer solution at that temperature into the instrument.

5. Initiate the 2-point calibration sequence with the first buffer according to
manufacturer's instructions.

6. Remove the pH sensor from the first buffer and rinse the electrode(s) with water, and
then the second buffer solution.

7. Immerse the pH sensor in the second buffer at a temperature within the range of Table
2.

8. If automatic temperature measurement and compensation is not included in the
measuring system, manually enter the temperature of the buffer and pH value of the
buffer solution at that temperature into the instrument.

9. Continue the 2-point calibration sequence with the second buffer according to
manufacturer¢s instructions.

10. After completion of the 2-point calibration process, verify that the pH slope and offset
are within acceptable parameters. Typical acceptable parameters are slopes ranging

from 95%–105% and an offset of ±30 mV (0.5 pH units at 25  C). Depending on the pH
instrumentation, the pH slope and offset may be determined in software or by manual
methods. If these parameters are not within acceptable parameters, the sensor should
be properly cleaned, replenished, serviced, or replaced, and the 2-point calibration
process shall be repeated.

11. Remove the pH sensor from the second buffer, and rinse thoroughly with water, and
then the verification buffer.

12. Immerse the pH sensor in the verification buffer at a temperature within the range of
Table 2.

13. If automatic temperature measurement and compensation is not included in the
measuring system, manually enter the temperature of the buffer and pH value of the
buffer solution at that temperature into the instrument.

14. The pH reading shall be within ±0.05 pH of the value in Table 2 at the buffer solution
temperature.

OPERATION

All test samples should be prepared using Purified Water, unless otherwise specified in the
monograph.

1. Prepare the test material according to requirements in the monograph or according to
specific procedures. If the pH of the test sample is sensitive to ambient carbon dioxide,
then use Purified Water that has been recently boiled, and subsequently stored in a

PF 39(5): Sep.-Oct. 2013 174



container designed to minimize ingress of carbon dioxide.
2. Rinse the pH sensor with water, then with a few portions of the test material.
3. Immerse the pH sensor into the test material and read the pH value.

In all pH measurements, allow sufficient time for stabilization of the temperature and pH
measurement. 
Diagnostic functions such as glass or reference electrode resistance measurement may be
available to determine equipment deficiencies. Refer to electrode supplier for diagnostic tools to
assure proper electrode function. 
Where approximate pH values suffice, indicators and test papers (see Indicators and Indicator
Test Papers, in the section Reagents, Indicators, and Solutions) may be suitable. 
For a discussion of buffers, and for the composition of standard buffer solutions called for in
compendial tests and assays, see Buffer Solutions in the section Solutions. This referenced
section is not intended to replace the use of the pH calibration buffers in Table 2.

*  Commercially available buffer solutions for pH meter standardization, standardized by methods traceable to
the National Institute of Standards and Technology (NIST), labeled with a pH value accurate to 0.01 pH unit
may be used. For standardization solutions having a pH lower than 4, a labeled accuracy of 0.02 is acceptable.
Solutions prepared from ACS reagent grade materials or other suitable materials, in the stated quantities, may
be used provided the pH of the resultant solution is the same as that of the solution prepared from the NIST
certified material.

1
  Commercially available buffer solutions for pH measurement system, standardized by methods traceable to
the National Institute of Standards and Technology (NIST) or other national authorities, labeled with a pH value
accurate to 0.02 pH unit may be used. Solutions prepared from ACS reagent grade materials or other suitable
materials, may be used provided the pH of the resultant solution is the same as that of the solution prepared
from the NIST (or other national authorities) certified material. Buffer solutions that are greater than 12 should
be used immediately, or should be prepared using freshly boiled water, and stored under conditions to
minimize carbon dioxide absorption and ingress.

BRIEFING

911  VISCOSITY—CAPILLARY VISCOMETER METHODS, USP 36 page 434. On the basis of
comments received, it is proposed to make the following revisions:

1. To achieve consistency across titles for chapters 911 , 912 , and 913 , change

the chapter title to Viscosity—Capillary Methods 911 .
2. Delete “shearing stress rate or” in the first sentence.
3. Delete the sentence “Unless otherwise directed in the individual monograph, use Method

I.”
4. Add a note that indicates that for additional information only, a user may refer to

Rheometry 1911 , which may provide helpful information but is not a mandatory
resource.

5. Change the titles for Method I and Method II in line with the chapter proposal

Rheometry 1911  in PF 38(6) [Nov.–Dec. 2012]. Correspondingly, update the
contents pertaining to the method titles and change the captions for Figure 1 and
Figure 2.

6. Add a sentence “Other viscometers may be used provided that the accuracy and

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 175



precision is NLT that obtained with the viscometers described in this chapter” in the
Apparatus section of Method I.

7. Delete Table 1 and Table 2. Correspondingly, the contents pertaining to Table 1 and
Table 2 are updated accordingly.

8. Delete the sentence “Determine the viscometer constant at the same temperature as
the sample liquid under test” in the Calibration section in Method I, and add “For
certain simple U-tube capillary viscometers, determine the viscometer constant at
the same temperature as the sample liquid under test” in the Calibration section in
Method II.

9. In the Calculation of kinematic and Newtonian viscosities of sample fluid section of
Method I, replace “ranges between 200 and 1000 s” with “is NLT 200 s”.

10. Add a sentence “Other viscometers, such as modified Ostwald-type capillary
viscometers, may be used provided that the accuracy and precision is NLT that
obtained with the viscometers described in this chapter” in the Apparatus section of
Method II. A footnote is added for informational use only.

(GCPA: H. Wang.)
Correspondence Number—C115832

Comment deadline: November 30, 2013

Change to read:

911  VISCOSITY—CAPILLARY VISCOMETER

METHODS

Change to read:

The following procedures are used to determine the viscosity of a Newtonian fluid, i.e. a fluid
having a viscosity that is independent of the shearing stress rate or rate of shear. Unless
otherwise directed in the individual monograph, use Method I.
The following procedures are used to determine the viscosity of a Newtonian fluid, i.e., a fluid

having a viscosity that is independent of the rate of shear. [Note—For additional information,

see Rheometry 1911 .]

Change to read:
•  Method I. Ubbelohde-Type

Suspended-Level (or Ubbelohde-Type)
Capillary Viscometer

Apparatus:  The determination may be carried out with an Ubbelohde-type
a suspended-level

capillary viscometer (Figure 1). that has the specifications described in Table 1 or Table 2.

Table 1

Size
Number

Nominal
Constant

of
Viscometer
(mm2/s2)

Measurable
Kinematic
Viscosity

Range
(mm2/s)

Internal
Diameter
of Tube,
R (mm)
(±2%)

Volume
of Bulb,
C (mL)
(±5%)

Internal
Diameter
of Tube,
N (mm)

1 0.01 3.5–10 0.64 5.6 2.8–3.2
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1A 0.03 6–30 0.84 5.6 2.8–3.2
2 0.1 20–100 1.15 5.6 2.8–3.2
2A 0.3 60–300 1.51 5.6 2.8–3.2
3 1.0 200–1,000 2.06 5.6 3.7–4.3
3A 3.0 600–3,000 2.74 5.6 4.6–5.4
4 10 2,000–10,000 3.70 5.6 4.6–5.4
4A 30 6,000–30,000 4.07 5.6 5.6–6.4
5 100 20,000–100,000 6.76 5.6 6.8–7.5

Table 2

Size
Number

Nominal
Constant

of
Viscometer
(mm2/s2)

Measurable
Kinematic
Viscosity

Range
(mm2/s)

Internal
Diameter
of Tube,
R (mm)
(±2%)

Volume
of Bulb,
C (mL)
(±5%)

Internal
Diameter
of Tube,
N (mm)

0 0.001 0.3–1 0.24 1.0 6.0
0C 0.003 0.6–3 0.36 2.0 6.0
0B 0.005 1–5 0.46 3.0 6.0
1 0.01 2–10 0.58 4.0 6.0
1C 0.03 6–30 0.78 4.0 6.0
1B 0.05 10–50 0.88 4.0 6.0
2 0.1 20–100 1.03 4.0 6.0
2C 0.3 60–300 1.36 4.0 6.0
2B 0.5 100–500 1.55 4.0 6.0
3 1.0 200–1,000 1.83 4.0 6.0
3C 3.0 600–3,000 2.43 4.0 6.0
3B 5.0 1,000–5,000 2.75 4.0 6.5
4 10 2,000–10,000 3.27 4.0 7.0
4C 30 6,000–30,000 4.32 4.0 8.0
4B 50 10,000–50,000 5.20 5.0 8.5
5 100 20,000–100,000 6.25 5.0 10.0

2S (USP37)
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Figure 1. Ubbelohde-Type
Suspended-level (or Ubbelohde-type) 2S (USP37)
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capillary viscometer.

Other viscometers may be used provided that the accuracy and precision is NLT that
obtained with the viscometers described in this chapter.

Procedure:  Fill the viscometer through tube (L) with a sufficient quantity of the sample
liquid that is appropriate for the viscometer being used or by following the manufacturer’s
instructions. Carry out the experiment with the tube in a vertical position. Fill bulb (A)
with the liquid, and also ensure that the level of liquid in bulb (B) is below the exit to the
ventilation tube (M). Immerse the viscometer in a water or oil bath stabilized at the

temperature specified in the individual monograph, and control the temperature to ±0.1 ,
unless otherwise specified in the individual monograph. Maintain the viscometer in a
vertical position for a time period of NLT 30 min to allow the sample temperature to reach
equilibrium. Close tube (M), and raise the level of the liquid in tube (N) to a level about 8

mm above mark (E  h1). Keep the liquid at this level by closing tube (N) and opening
tube (M). Open tube (N), and measure the time required for the level of the liquid to drop

from mark (E  h1) to (F  h2), using an appropriate accurate timing device. [Note—In
Table 1, the minimum flow time should be 350 s for size no. 1, and 200 s for all other
sizes. In Table 2, the minimum flow time should be 300 s for size no. 0, and 200 s for all
other sizes.
The minimum flow time should be 200 s.

]
Calibration:  Calibrate each viscometer at the test temperature by using fluids of known

viscosities of appropriate viscosity standards to determine the viscometer constant, k.
The viscosity values of the calibration standards should bracket the expected viscosity
value of the sample liquid. Determine the viscometer constant at the same temperature as
the sample liquid under test.

Calculate the viscometer constant, k, in mm2/s2:

k = /(  × t)

= known viscosity of the liquid (mPa·s)

= density of the liquid (g/mL)

t= flow time for the liquid to pass from the upper mark to the lower mark(s)

Calculation of kinematic and Newtonian viscosities of sample fluid:  A capillary
viscometer is chosen so that the flow time, t, ranges between 200 and 1000 s,
is NLT 200 s,

and the kinematic energy correction is typically less than 1%. If the viscosity constant, k,
is known, use the following equation to calculate the kinematic viscosity, v, in mm2/s,
from the flow time, t, in seconds:

v = k × t

If the density of the fluid is known at the temperature of the viscosity measurement, then

the Newtonian viscosity, , in mPa·s, is calculated:

2S (USP37)
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 = v × 

= density of the fluid (g/mL)

The flow time of the fluid under examination is the mean of NLT three consecutive
determinations. The result is valid if the percentage of the relative standard deviation
(%RSD) for the three readings is NMT 2.0%.

Change to read:
•  Method II. Ostwald-Type

Simple U-Tube (or Ostwald-Type)
Capillary Viscometer 

Apparatus:  The determination may be carried out with an Ostwald-type
a simple U-tube

capillary viscometer (Figure 2).

2S (USP37)
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Figure 2. Ostwald-Type
Simple U-tube (or Ostwald-type) 2S (USP37)
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capillary viscometer.

Other viscometers, such as modified Ostwald-type capillary viscometers,1 may be used
provided that the accuracy and precision is NLT that obtained with the viscometers
described in this chapter.

Procedure:  Fill the tube with an amount of the sample that is appropriate for the
viscometer being used or by following the manufacturer’s instructions. The volume of fluid
used should be such that the lower bulb is not entirely emptied when the fluid is drawn up
through the capillary tube to the uppermost graduation mark. Carry out the experiment
with the tube in a vertical position. Immerse the viscometer in a water or oil bath
stabilized at the temperature specified in the individual monograph, and control the

temperature to ±0.1 , unless otherwise specified in the individual monograph. Maintain the
viscometer in a vertical position for a time period of NLT 30 min to allow the sample
temperature to reach equilibrium. Using suction, draw the fluid up through the capillary
tube until the meniscus is at the level of the uppermost graduation. With both the filling
and capillary tubes open to atmospheric pressure, record the time, in s, required for the
liquid to flow from the upper mark to the lower mark in the capillary tube. [Note—The
minimum flow time should be 200 s.]

Calibration and calculation of kinematic and Newtonian viscosities of sample fluid:
 Proceed as directed in Method I.
For certain simple U-tube capillary viscometers, determine the viscometer constant at the
same temperature as the sample liquid under test.

1
 For example, the Cannon-Fenske capillary viscometer is one of the simple U-tube capillary viscometers and is
also called a modified Ostwald-type capillary viscometer.

BRIEFING

1081  Gel Strength of Gelatin, USP 36 page 706. The Gelatin monograph has been
updated to include a test for Gel Strength (Bloom Value), and this revision has been adopted
into the First Supplement to USP 36–NF 31. The test for Gel Strength (Bloom Value) in the
revised Gelatin monograph is an updated version of the current chapter Gel Strength of Gelatin 

1081 , and this chapter is not referenced in any other USP–NF monographs, thus the General
Chapters—Physical Analysis Expert Committee recommends deleting this chapter.

(GC—PA: H. Wang.)
Correspondence Number—C133226

Comment deadline: November 30, 2013

Delete the following:

1081  GEL STRENGTH OF GELATIN

Pipet 105 mL of water at 10  to 15  into a standard Bloom bottle, add 7.5 g of Gelatin, and stir.

Allow to stand for 1 hour, then bring to a temperature of 62  in 15 minutes by placing in a

water bath regulated at 65  (the substance may be swirled several times to aid solution).

Finally mix by inversion, allow to stand for 15 minutes, and place in a water bath at 10 ± 0.1 .
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Chill, without disturbance, for 17 hours. Determine the gel strength in a Bloom Gelometer (a
device developed to make this determination under standardized conditions) adjusted for 4-mm
depression and to deliver 200 ± 5 g of shot per 5 seconds, using the 12.7-mm diameter
(nonbeveled) plunger.

BRIEFING

1151  Pharmaceutical Dosage Forms, USP 36 page 854. This general information
chapter is proposed for revision following the adoption of a major revision which became official
in USP 35. The previous revision became official by the commentary process whereby the
resolution of some comments received were seen as requiring presentation for public comment
once more in PF. A general comment received at that time recommended removal of packaging
and storage as well as labeling information from the specific dosage forms sections in favor of
presentation in the General Considerations section of this chapter. This revision proposal
represents that suggested change as well as other changes both representing comments
received as well as Committee suggested changes. Throughout this proposed chapter revision,
the intention is to coordinate the information with that found in the Nomenclature Guidelines

and with Nomenclature 1121 . The proposed changes include the following.

1. The routes of administration in Figure 1. Compendial taxonomy for pharmaceutical
dosage forms now include the route Injection/Implantation in place of “by Injection”.

The change represents changes proposed for 1  Injections presented in this issue of
PF.

2. The listing of dosage forms in Figure 1. Compendial taxonomy for pharmaceutical
dosage forms now include films, systems, injections, strips, and irrigations while dry
powder inhalers are proposed for inclusion under powders, and transdermal delivery
systems (patches) are proposed for inclusion under systems. Films are recognized as a
dosage form specifically as they are used for oral delivery. Systems used for the ocular,
intrauterine, periodontal, and transdermal routes are included as a dosage form
category and a general description of the attributes of a system is provided. Injections,
while not dosage forms in the sense of a physical form, are included in recognition of
the use of the term in compendial nomenclature. Irrigations are solutions but are also
separately listed in recognition of use in compendial nomenclature. Strips are
represented by at least one monograph as well as a number of marketed products.

3. The section, Excess Volume in Injections, is removed from General Considerations
and placed under the new Dosage Forms section on Injections.

4. Under Product Quality Tests, General, the section, Description, is revised to discuss
the Definition section in compendial monographs as being more appropriate for USP than
the product-specific information requested by ICH.

5. The section, Veterinary Drugs and Drug Products Delivered in Animal Feeds, is
removed from this chapter. A new general information chapter, Animal Drugs for Use in

Animal Feeds 1152 , is proposed for inclusion via PF 39(6).
6. The titles of the dosage forms gases, gums, and soaps and shampoos have had the

terms “medicated” or “medical” removed. The dosage form is assumed to be medicated
or for medical use.

7. Under Tablets, new entries include Tablets for oral solution and Tablets for oral
suspension. These entities have also been called orally dispersible and orally
disintigrating tablets, but the more specific nomenclature given is prefered.
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8. The Glossary is the repository for dosage form terms and nomenclature. Revisions to
this section represent the changes discussed as well as other revisions that represent
current thinking.

(GCDF: W. Brown.)
Correspondence Number—C101683

Comment deadline: November 30, 2013

1151  PHARMACEUTICAL DOSAGE FORMS

Change to read:

GENERAL CONSIDERATIONS

This chapter provides general descriptions of and definitions for drug products, or dosage
forms, commonly used to administer the active pharmaceutical ingredient (API)
drug substance (active pharmaceutical ingredient, API).

It discusses general principles involved in the manufacture or compounding of these dosage
forms. and recommendations for proper use and storage.

A glossary is provided as a resource on nomenclature
nomenclature resource.

A dosage form is a combination of API and often excipients
drug substance(s) and/or excipient(s)

to facilitate dosing, administration, and delivery of the medicine to the patient. The design,
materials, manufacturing,

and testing of all dosage forms target drug product quality.1 A testing protocol must consider
not only the physical, chemical, and biological properties of the dosage form as appropriate, but
also the administration route and desired dosing regimen. The interrelationships of dosage forms
and routes of administration have been summarized in the compendial taxonomy for
pharmaceutical dosage forms (see Figure 1).2 The organization of this general information
chapter is by
mainly focused on

the physical attributes of each particular dosage form (Tier Two), generally without specific
reference to the route of administration.
Those dosage form terms with asterisk notation (*) are not preferred and should not be used

for new drug product titles.
Information specific to the route of administration is given when needed. 
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Figure 1. Compendial Taxonomy for Pharmaceutical Dosage Forms.

Figure 1. Compendial taxonomy for pharmaceutical dosage forms.

Tests to ensure compliance with USP standards for dosage form performance fall into one of the
following areas.

Dose uniformity (see also Uniformity of Dosage Units 905 ): Consistency in dosing for a
patient or consumer requires that the variation in the API
drug substance
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content of each dosage unit be accurately controlled throughout the manufactured batch or
compounded lot of drug product. Uniformity of dosage units typically is demonstrated by one of
two procedures: content uniformity or weight variation. The procedure for content uniformity
requires the assay of the API
drug substance

content of individual units. The procedure for weight variation uses the weight of the individual
units to estimate their content. Weight variation may be used where the underlying distribution
of the API
drug substance

in the blend is presumed to be uniform and well-controlled, as in solutions. In such cases, the
content of the API
drug substance

may be adequately estimated by the net weight. Content uniformity does not rely on the
assumption of blend uniformity and can be applied in all cases. Successful development and
manufacture of dosage forms requires careful evaluation of the API
drug substance

particle or droplet size, incorporation techniques, and excipient properties.

Stability: (see also Pharmaceutical Stability 1150 )

Drug product stability involves the evaluation of chemical stability, physical stability, and
performance over time. The chemical stability of the API
drug substance

in the dosage form matrix must support the expiration dating for the commercially prepared
dosage forms and a beyond-use date for a compounded dosage form. Test procedures for

potency must be stability indicating (see Validation of Compendial Procedures 1225 ).
Degradation products should be quantified. In the case of dispersed or emulsified systems,
consideration must be given to the potential for settling or separation of the formulation
components. Any physical changes to the dosage form must be easily reversed (e.g., by
shaking) prior to dosing or administration. For the example of

tablets, capsules, and oral suspensions
oral suspensions, and implants,

in vitro release test procedures such as dissolution and disintegration provide a measure of

continuing consistency in performance over time (see Dissolution 711 , Disintegration 701

, and Drug Release 724 ).

Bioavailability (see also In Vitro and In Vivo Evaluation of Dosage Forms 1088  and

Assessment of Drug Product Performance—Bioavailability, Bioequivalence, and Dissolution 

1090 ): Bioavailability is influenced by factors such as the method of manufacture or
compounding, particle size, crystal form (polymorph) of the API
drug substance,

the properties of the excipients used to formulate the dosage form, and physical changes as
the drug product ages. Assurance of consistency in bioavailability over time (bioequivalence)
requires close attention to all aspects of the production (or compounding) and testing of the
dosage form. With proper justification, in vitro release
testing
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(e.g., disintegration and dissolution) testing

may sometimes

be used as a surrogate to demonstrate consistent availability of the API
drug substance

from the formulated dosage.

Manufacture: Although detailed instructions about the manufacture of any of these dosage
forms are beyond the scope of this general information chapter, general manufacturing
principles have been included. , as well as suggested testing for proper use and storage.

Information relative to extemporaneous compounding of dosage forms can be found in

Pharmaceutical Compounding—Nonsterile Preparations 795  and Pharmaceutical

Compounding—Sterile Preparations 797 .

Route of administration: The primary routes of administration for pharmaceutical dosage
forms can be defined as mucosal, gastrointestinal, parenteral (by injection), inhalation, and
topical/dermal,

parenteral (see Injections 1 ), gastrointestinal (see Oral Drug Products—Product Quality

Tests 2 ), topical/dermal (see Topical and Transdermal Drug Products—Product Quality

Tests 3 ), mucosal, and inhalation (see Inhalation and Nasal Drug Products—General

Information and Product Quality Tests 5 )
, and each has subcategories as needed. Many tests used to ensure quality generally are
applied across all of the administration routes, but some tests are specific for individual routes.
For example, products intended for injection must be evaluated for
using

Sterility Tests 71

, Bacterial Endotoxins Test 85 , or

Pyrogen Test 151 , and the manufacturing process (and sterilization technique) employed for
parenterals (by injection) should ensure compliance with these tests. Tests for particulate
matter may be required for certain dosage forms depending on the route of administration (e.g.,

by injection—Particulate Matter in Injections 788 , or mucosal—Particulate Matter in

Ophthalmic Solutions 789 ). Additionally, dosage forms intended for the inhalation route of
administration must be monitored for particle size and spray pattern (for a metered-dose inhaler
or dry powder inhaler) and droplet size (for nasal sprays). Further information regarding
administration routes and suggested testing can be found in the Guide to General Chapters,
Charts 4–8, 10–13
10, and 13.

An appropriate manufacturing process and testing regimen help ensure that a dosage form can
meet the appropriate quality attributes for the intended route of administration.

Excess Volume in Injections—Each container of an Injection is filled with a volume in slight
excess of the labeled “size” or the volume that is to be withdrawn. The excess volumes
recommended in the accompanying table are usually sufficient to permit withdrawal and
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administration of the labeled volumes.

Labeled Size

Recommended Excess Volume

For Mobile 
Liquids

For Viscous
Liquids

0.5 mL 0.10 mL 0.12 mL
1.0 mL 0.10 mL 0.15 mL
2.0 mL 0.15 mL 0.25 mL
5.0 mL 0.30 mL 0.50 mL
10.0 mL 0.50 mL 0.70 mL
20.0 mL 0.60 mL 0.90 mL
30.0 mL 0.80 mL 1.20 mL

50.0 mL or more 2% 3%

Packaging and storage: Suitable packaging is determined for each product. For additional
information about meeting packaging requirements listed in the individual labeling, refer to

Packaging and Storage Requirements 659 , Containers—Performance Testing 671 , Good

Packaging Practices 1177 , and Good Repackaging Practices 1178 . Product labeling must
specify storage requirements that describe environmental conditions, limitations, and
restrictions. For instance, exposure to excessive temperature, humidity, and light can influence
the ability of the packaging to protect the product.

Labeling statements: Some dosage forms or articles have mandatory labeling statements that
are given in the Code of Federal Regulations (e.g., 21 CFR 201.320 and 21 CFR 369.21). The
text of 21 CFR should be consulted to determine the current recommendations.

Change to read:

PRODUCT QUALITY TESTS, GENERAL

ICH Guidance Q6A (available at www.ich.org) recommends specifications (list of tests,
references to analytical procedures, and acceptance criteria) to ensure that commercialized

drug products are safe and effective at the time of release and over their shelf life. Tests that
are universally applied to ensure safety, efficacy, strength, quality, and purity include
description, identification, assay, and impurities.

Description: According to the ICH guidance a qualitative description (size, shape, color, etc.)
of the dosage form should be provided. The acceptance criteria should include the final
acceptable appearance. If any of these characteristics change during manufacturing or
storage, a quantitative procedure may be appropriate. It specifies the content or the label
claim of the article. This parameter is not part of the USP dosage form monograph because it is
product specific. USP monographs define the product by specifying the range of acceptable
assayed content of the API(s) present in the dosage form, together with any additional
information about the presence or absence of other components, excipients, or adjuvants.
The Definition section (see General Notices and Requirements 4.10) in a USP monograph

describes the drug product and specifies the range of acceptable assayed content of the drug
substance(s) present in the dosage form. For certain products, the Definition includes any

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 188



relevant additional information, such as the presence or absence of other components,
excipients, or adjuvants, cautionary statements on toxicity and stability, etc. While appearance
information to aid in identification is used in a regulatory submission (e.g., a qualitative
description of size, shape, color, etc.) it is typically not required as part of a USP monograph.
This information is drug product specific.

Identification: Identification tests are discussed in the General Notices and Requirements
5.40.

Identification tests should establish the identity of the API(s)
drug substance(s)

present in the drug product and should discriminate between compounds of closely related
structure that are likely to be present. Identification tests should be specific for the API(s)
drug substance(s).

The most conclusive test for identity is the infrared absorption spectrum
For example, the infrared absorption spectrum is often used

(see Spectrophotometry and Light-Scattering 851  and Spectrophotometric Identification

Tests 197 ). If no suitable infrared spectrum can be obtained, other analytical methods can
be used. Near-infrared (NIR) or Raman spectrophotometric methods could also be acceptable as
the sole identification method of the drug product formulation (see Near-Infrared Spectroscopy

1119  and Raman Spectroscopy 1120 ). Identification by a chromatographic retention
time from a single procedure is not regarded as specific. The use of retention times from two
chromatographic procedures for which the separation is based on different principles or a

combination of tests in a single procedure can be acceptable (see Chromatography 621  and

Thin-Layer Chromatographic Identification Test 201 ).

Assay: A specific and stability-indicating test should be used to determine the strength (API
drug substance

content) of the drug product. Some examples of these procedures are Antibiotics—Microbial

Assays 81 , 621 , or Assay for Steroids 351 . In cases when the use of a nonspecific

assay is justified (e.g., Titrimetry 541 ), other supporting analytical procedures should be
used to achieve specificity. When evidence of excipient interference with a nonspecific assay
exists, a procedure with demonstrated specificity should be used.

Impurities: Process impurities, synthetic by-products, and other inorganic and organic
impurities may be present in the API
drug substance

and excipients used in the manufacture of the drug product. These impurities are evaluated by
tests in the API
drug substance

and excipients monographs. Impurities arising from degradation of the drug substance or from

the drug-product manufacturing process should be monitored. Residual Solvents 467  is
applied to all products where relevant. 

In some cases, testing for heavy metal impurities is appropriate. Heavy Metals 231  provides
the current procedures and criteria.

In addition to the universal tests listed, the following tests may be considered on a case-by-
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case basis.

Physicochemical properties: Examples include pH 791 , Viscosity—Capillary Viscometer

Methods 911 , and Specific Gravity 841 .

Particle size: For some dosage forms, particle size can have a significant effect on dissolution
rates, bioavailability, therapeutic outcome, and stability. Procedures such as
those found in

Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers 601  and Particle

Size Distribution Estimation by Analytical Sieving 786  could be used.

Uniformity of dosage units: See the discussion of Dose uniformity in the General
Considerations section.

Water content: A test for water content is included when appropriate (see Water

Determination 921 ).

Microbial limits: The type of microbial test(s) and acceptance criteria are based on the nature
of the drug substance
nonsterile drug product,

method of manufacture, and the route of administration (see Microbiological Examination of

Nonsterile Products: Microbial Enumeration Tests 61 , Microbiological Examination of

Nonsterile Products: Tests for Specified Microorganisms 62 ,
and Microbiological Examination of Nonsterile Products: Acceptance Criteria for

Pharmaceutical Preparations and Substances for Pharmaceutical Use 1111 ).

Antimicrobial preservative content: Acceptance criteria for preservative content in
multidose products should be established. They are based on the levels of antimicrobial
preservative necessary to maintain the product's microbiological quality at all stages

throughout its proposed usage and shelf life (see Antimicrobial Effectiveness Testing 51 ).

Antioxidant content: If antioxidants are present in the drug product, tests of their content
should be performed to maintain the product's quality at all stages throughout its proposed
usage and shelf life.

Sterility: Depending on the route of administration (e.g., ophthalmic preparations, implants,
aqueous-based preparations for oral inhalation, and solutions for injection
injections)

sterility of the product is demonstrated as appropriate (see 71 ).

Dissolution: A test to measure the release of the API(s)
drug substance(s)

from the drug product normally is included for dosage forms such as tablets, capsules,
suspensions, granules for suspensions, implants, transdermal delivery systems, and medicated
chewing gums. Single-point measurements typically are used for immediate-release dosage
forms. For modified-release dosage forms, appropriate test conditions and sampling procedures

are established as needed (see 711  and 724 ). In some cases, dissolution testing may be

replaced by disintegration testing (see 701 ).
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Breaking force and friability: These parameters are evaluated as in-process controls.
Acceptance criteria depend on packaging, supply chain, and intended use (see Tablet Friability 

1216  and Tablet Breaking Force 1217 ).

Leachables: When evidence exists that leachables from the container–closure systems (e.g.,
rubber stopper, cap liner, or plastic bottle) have an impact on the safety or efficacy of the
drug product, a test is included to evaluate the presence of leachables.

Other tests: Depending on the type and composition of the dosage form, other tests such as
alcohol content, redispersibility, particle size distribution, rheological properties, reconstitution
time, endotoxins/pyrogens, particulate matter, functionality testing of delivery systems,
delivered dose uniformity, viscosity, and osmolarity may be necessary.

Change to read:

DOSAGE FORMS

Aerosols

Aerosols are preparations
dosage forms

packaged under pressure and contain therapeutic agent(s) and a propellant that are released
upon actuation of an appropriate valve system. Upon actuation of the valve system, the API
drug substance

is released as a plume of fine particles or droplets. Only one dose is released from the
preparation upon actuation of a metered valve. In the case of topical products and depending
on the nature of the API
drug substance

and the conditions being treated, actuation of the valve may result in a metered release of a
controlled amount of the formulation or the continuous release of the formulation as long as the
valve is depressed. 
In this chapter, the
The

aerosol dosage form refers only to those products packaged under pressure that release a fine
mist of particles or droplets when actuated (see Glossary). Other products that produce
dispersions of fine droplets or particles will be covered in subsequent sections (e.g., Inhalation

Powders and Sprays).

TYPICAL COMPONENTS

Typical components of aerosols are the formulation containing one or more API(s)
drug substance(s)

and propellant, the container, the valve, and the actuator. Each component plays a role in
determining various characteristics of the emitted plume, such as droplet or particle size
distribution, uniformity of delivery of the therapeutic agent, delivery rate, and plume velocity
and geometry. The metering valve and actuator act in tandem to generate the plume of
droplets or particles. The metering valve allows measure of an accurate volume of the liquid
formulation under pressure within the container.
The metering valve delivers an accurate volume of the pressurized liquid formulation from the
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container.
The actuator directs the metered volume to a small orifice that is open to the atmosphere.
Upon actuation, the formulation is forced through the opening, forming the fine mist of particles
that are directed to the site of administration. 
Aerosol preparations may consist of either a two-phase (gas and liquid) or a three-phase (gas,
liquid, and solid or liquid) formulation. The two-phase formulation consists of API(s)
drug substance(s)

dissolved in liquefied propellant. Co-solvents such as alcohol may be added to enhance the
solubility of the API(s)
drug substance(s).

Three-phase inhalation and nasal aerosol systems consist of suspended API(s)
drug substance(s)

in propellant(s), co-solvents, and potentially other suitable excipients. The suspension or
emulsion of the finely divided API
drug substance

is typically dispersed in the liquid propellant with the aid of suitable biocompatible surfactants
or other excipients. 
Propellants for aerosol formulations are typically low molecular weight hydrofluorocarbons or
hydrocarbons that are liquid when constrained in the container, exhibit a suitable vapor
pressure at room temperature, and are biocompatible and nonirritating. Compressed gases do
not supply a constant pressure over use and typically are not used as propellants. 
Metal containers can withstand the vapor pressure produced by the propellant. Excess
formulation may be added to the container to ensure that the full number of labeled doses can
be accurately administered. The container and closure must be able to withstand the pressures
anticipated under normal use conditions as well as when the system is exposed to elevated
temperatures.

TYPES OF AEROSOL DOSAGE FORMS

Aerosol dosage forms can be delivered via various routes. The container, actuator, and
metering valve, as well as the formulation, are designed to target the site of administration. 
Inhalation aerosols, commonly known as metered-dose inhalers (MDIs), are intended to produce
fine particles or droplets for inhalation through the mouth and deposition in the pulmonary tree.
The design of the delivery system is intended to release measured mass and appropriate quality
of the active substance with each actuation. 
Nasal aerosols, commonly known as nasal MDIs, produce fine particles or droplets for delivery
through the nasal vestibule and deposition in the nasal cavity. Each actuation of the valve
releases measured mass and appropriate quality of the active substance
a measured mass of the drug substance with appropriate quality characteristics.

Lingual aerosols are intended to produce fine particles or droplets for deposition on the surface
of the tongue. The design of the delivery system releases one dose with each actuation. 
Topical aerosols produce fine particles or droplets for application to the skin.

Topical aerosol drug products may be designed, as needed, to deliver a metered amount of
formulation upon actuation of the designed valve or continuous release of formulation during
depressed status of the valve.

PACKAGING
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The accuracy of a system's delivered dose is demonstrated at the range of pressures likely to
be encountered as a result of ambient temperature variations or storage in a refrigerator. As an
alternative, the system should include clear instructions for use to ensure the container and
contents have been equilibrated to room temperature prior to use.

LABELING FOR PROPER USE

Refer to 21 CFR 201.320 and 21 CFR 369.21.

Many experts recommend the addition of a statement indicating that patients and/or
consumers should seek advice and instruction from a health care professional about the proper
use of the device.

Capsules

Capsules are solid dosage forms in which the API and
drug substance and/or

excipients are enclosed within a soluble container or shell
or coated on the capsule shell.

The shells may be composed of two pieces (a body and a cap), or they may be composed of a
single piece. Two-piece capsules are commonly referred to as hard-shell capsules, and one-
piece capsules are often referred to as soft-shell capsules. This
two-piece and one-piece capsule

distinction, although imprecise, reflects differing levels of plasticizers in the two compositions
and the fact that one-piece capsules typically are more pliable than two-piece capsules. 
The shells of capsules are usually made from gelatin. However, they may also be made from
cellulose polymers or other suitable material. Most capsules are designed for oral administration.
When no deliberate effort has been made to modify the API
drug substance

release rate, capsules are referred to as immediate-release.

Two-piece or hard-shell capsules: Two-piece capsules consist of two telescoping cap and
body pieces in a range of standard sizes.

One-piece or soft-shell capsules: One-piece capsules typically are used to deliver an API
a drug substance

as a solution or suspension. Liquid formulations placed into one-piece capsules may offer
advantages by comparison with dry-filled capsules and tablets in achieving content uniformity
of potent API(s)
drug substance(s)

or acceptable dissolution of API(s)
drug substance(s)

with poor aqueous solubility. Because the contact between the shell wall and its liquid contents
is more intimate than in dry-filled capsules, undesired interactions may be more likely to occur
(including gelatin crosslinking and pellicle formation).

Modified-release capsules: The release of API(s)
drug substance(s)
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from capsules can be modified in several ways. There are two categories of modified-release
capsule formulations recognized by USP:

Delayed-release capsules—Capsules are sometimes formulated to include enteric-coated
granules to protect acid-labile APIs
drug substances

from the gastric environment or to prevent adverse events such as irritation. Enteric-coated
multiparticulate capsule dosage forms may reduce variability in bioavailability associated with
gastric emptying times for larger particles (i.e., tablets) and to minimize the likelihood of a
therapeutic failure when coating defects occur during manufacturing.
Alternatively, a coating may be applied to the capsule shell to achieve delayed release of the

contents.

Extended-release capsules—Extended-release capsules are formulated in such a manner as to
make the contained API
drug substance

available over an extended period of time following ingestion. Expressions such as “prolonged-
action”, “repeat-action”, “controlled-release”, and “sustained-release” have also been used to
describe such dosage forms. However, the term “extended-release” is used for pharmacopeial

purposes. Requirements for dissolution (see 711 ) are typically specified in the individual
monograph. 
Methods for modifying API
drug substance

release from capsules include coating the filled capsule shells or the contents, in the case of
dry-filled capsules.

PREPARATION

Two-piece capsules: Two-piece gelatin capsules are usually formed from blends of gelatins
that have relatively high gel strength in order to optimize shell clarity and toughness or from
hypromellose. They may also contain colorants such as D&C and FD&C dyes3 or various
pigments, opaquing agents such as titanium dioxide, dispersing agents, plasticizers, and
preservatives. Gelatin capsule shells normally contain between 12% and 16% water. 
The shells are manufactured in one set of operations and later filled in a separate
manufacturing process. Two-piece shell capsules are made by a process that involves dipping
shaped pins into gelatin or hypromellose solutions, followed by drying, cutting, and joining
steps. 
Powder formulations for two-piece gelatin capsules generally consist of the API
drug substance

and at least one excipient. Both the formulation and the method of filling can affect release of
the API
drug substance.

In the filling operation, the body and cap of the shell are separated before filling. Following the
filling operation, the machinery rejoins the body and cap and ensures satisfactory closure of
the capsule by exerting appropriate force on the two pieces. The joined capsules can be sealed
after filling by a band at the joint of the body and cap or by a designed locking joint between
the cap and body. In compounding prescription practice, two-piece capsules may be hand-
filled. This permits the prescriber the choice of selecting either a single API
drug substance
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or a combination of API
drug substances

at the exact dose level considered best for an individual patient.

One-piece capsules: One-piece shell

capsules are formed, filled, and sealed in a single process on the same machine and are
available in a wide variety of sizes, shapes, and colors. The most common type of one-piece
capsule is that produced by a rotary die process that results in a capsule with a seam. The
soft gelatin shell is somewhat thicker than that of two-piece capsules and is plasticized by the
addition of polyols such as glycerin, sorbitol, or other suitable materials. The ratio of the
plasticizer to the gelatin can be varied to change the flexibility of the shell depending on the
nature of the fill material, its intended usage, or environmental conditions. 
In most cases, one-piece capsules are filled with liquids. Typically, API
drug substances

are dissolved or suspended in a liquid vehicle. Classically, an oleaginous vehicle such as a
vegetable oil was used. However, nonaqueous, water-miscible liquid vehicles such as the lower
molecular weight polyethylene glycols are now more common. The physicochemical properties
of the vehicle can be chosen to ensure stability of the API
drug substance

as well as to influence the release profile from the capsule shell.

Inhalation Powders

Inhalation Powders, commonly known as dry powder inhalers (DPIs), consist of a mixture of
API(s) and typically the carrier; and all formulation components exist in a finely divided solid
state packaged in a suitable container–closure system. The dose is released from the
packaging by a mechanism and is mobilized into a fine dispersion upon oral inhalation by the
patient.

TYPICAL COMPONENTS

The basic components of the DPI are the formulation consisting of the API(s) and typically the
carrier, both in the dry state. The formulation may be packaged in pre-metered or device-
metered units. Pre-metered DPIs contain a previously measured amount of formulation in
individual units (e.g., capsules, blisters) that are inserted into the device before use. Pre-
metered DPIs may also contain pre-metered dose units as ordered multidose assemblies in the
delivery system. Pre-metered DPIs include a mechanism designed to pierce the capsule or open
the unit-dose container and allow mobilization and aerosolization of the powder by the patient
inhaling through the integral mouthpiece. Device-metered DPI(s) have an internal reservoir that
contains a sufficient quantity of formulation for multiple doses that are metered by the device
during actuation by the patient. To facilitate dosing compliance, device-metered DPIs
incorporate a dosing administration information mechanism, such as a dose counter or a dose
indicator system.

PACKAGING

For pre-metered DPIs packaged in blister units, the packs must be designed to allow individual
unit cavities to be opened without compromising the seal of adjacent cavities. Package
components must provide acceptable protection from humidity, light, and/or oxygen as
appropriate. The components of the DPI container–closure system typically are made of plastic.
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LABELING AND USE

Many experts recommend the addition of a statement indicating that patients and/or
consumers should seek advice and instruction from a health care professional about the proper
use of the device.

Creams

(see Emulsions)

Emulsions (Creams and Lotions)

An emulsion is a dispersed colloidal system consisting of two immiscible liquid phases generally
stabilized with one or more suitable agents.

Typical pharmaceutical emulsions are prepared from immiscible aqueous and organic (oil) liquids.
Complex multiple-phase systems may exist in an emulsion. Whether the organic or the aqueous
phase is the dispersed phase depends on the volumes of the two phases, the emulsifier chosen,
and the method of preparation. When an oil phase is dispersed in an aqueous phase, the
emulsion is termed an oil in water (O/W) emulsion and water is referred to as the continuous
phase. When water is dispersed in oil, the emulsion is referred to as a water in oil (W/O)
emulsion. Emulsions have dispersed phases typically ranging from 0.1 to 100 µm. Emulsions are
opaque while microemulsions are usually transparent or translucent. Microemulsions have
dispersed phases less than 0.1 µm. 
Emulsions may exhibit three types of instability: flocculation, creaming, and coalescence.
Flocculation describes the process by which the dispersed phase comes out of suspension in
the form of flakes. Coalescence is another form of instability—small droplets within the media
continuously combine to form progressively larger droplets. Emulsions can also undergo
creaming, where one of the phases migrates to the top (or the bottom, depending on the
relative densities of the two phases) of the emulsion. To prevent flocculation, creaming, and
coalescence of the emulsions, manufacturers commonly add surfactants, pH-modifying agents,
or emulsifying agents to increase the stability of emulsions so that the emulsion does not
change significantly with time. 
Emulsions are widely used as pharmaceutical dosage forms. Oral emulsions have been prepared
to improve taste, solubility, stability, or bioavailability. Emulsions for topical administration are
referred to as creams, lotions, and sometimes ointments. Parenteral emulsions have been used
for anaesthetics, parenteral nutrition, and to deliver poorly water-soluble drugs.

Creams: Creams are semisolid emulsion dosage forms. They often contain more than 20%
water and volatiles, and
and/or

typically contain less than 50% hydrocarbons, waxes, or polyols as the vehicle for the API
drug substance.

Creams are generally intended for external application to the skin or to the mucous membranes.
Creams have a relatively soft, spreadable consistency and can be formulated as either a water-
in-oil emulsion (e.g., Cold Cream or Fatty Cream as in the European Pharmacopoeia) or as an
oil-in-water emulsion (e.g., Betamethasone Valerate Cream). Creams are generally described
as either nonwashable or washable, reflecting the fact that an emulsion with an aqueous
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external continuous phase is more easily removed than one with a nonaqueous external phase
(water-in-oil emulsion). Where the term “cream” is used without qualification, a water-
washable product is generally inferred.

Lotions: Lotions are an emulsified liquid dosage form generally

intended for external application to the skin. Historically, some topical suspensions such as
calamine lotion have been called lotions but that nomenclature is not currently preferred.
Lotions share many characteristics with creams. The distinguishing factor is that they are more
fluid than semisolid and thus pourable. Due to their fluid character, lotions are more easily
applied to large skin surfaces than semisolid preparations. Lotions may contain antimicrobial
agents as preservatives.

Injectable emulsions: Injectable emulsions are sterile liquid dosage forms of drug substances
dissolved or dispersed in a suitable emulsion medium. Injectable emulsions are for parenteral
administration of poorly water-soluble drugs.

Ointments: Ointments are sometimes semisolid emulsion dosage forms (see Ointments).

PREPARATION

Chapter 795  provides general information regarding the preparation of emulsions.

Creams: Creams may be formulated from a variety of oils, both mineral and vegetable, and
from fatty alcohols, fatty acids, and fatty esters. The solid excipients are melted at the time of
preparation.

Emulsifying agents include nonionic surfactants, detergents, and soaps. Soaps are usually
formed from a fatty acid in the oil phase hydrolyzed by a base dissolved in the aqueous phase

in situ during the preparation of creams
from a fatty acid in the oil phase hydrolyzed by a base dissolved in the aqueous phase.

Preparation usually involves separating the formula components into two portions: lipid and
aqueous. The lipid portion contains all water-insoluble components and the aqueous portion
contains the water-soluble components. Both phases are heated to a temperature above the
melting point of the highest melting component. The phases are then mixed and the mixture is
stirred until reaching ambient temperature or until the mixture has congealed. Mixing is generally
continued during the cooling process to promote uniformity. Traditionally, the aqueous phase is
added to the lipid phase, but comparable results have been obtained with the reverse
procedure. High-shear homogenization may be employed to reduce particle or droplet size and
to improve the physical stability of the resultant dosage form. 
The API(s)
drug substance(s)

can be added to the phase in which it is soluble at the beginning of the manufacturing process,
or it can be added after the cream is prepared by a suitable dispersion process such as
levigation or milling with a roller mill. Creams usually require the addition of a preservative(s)
unless they are compounded immediately prior to use and intended to be consumed in a
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relatively short period of time.

Lotions: Lotions are usually prepared by dissolving or dispersing the API
drug substance

into the more appropriate phase (oil or water), adding the appropriate emulsifying or suspending
agents, and mixing the oil and water phases to form a uniform fluid emulsion.

Injectable emulsions: Chapter 1 provides guidance on sterile preparations. Emulsions
intended for parenteral administration can be formulated using the same principles as creams
and lotions. The formulation should be designed for ease of administration. The particle size of
the dispersed phase can vary by route of administration. For example, emulsions intended for
intravenous administration should comply with Globule Size Distribution in Lipid Injectable

Emulsions 729 . The procedure to assure sterility should be validated by media fills.
Preservatives are generally not used in injectable emulsions.

Ointments: (See Ointments.)

LABELING AND PACKAGING

Some products may require labeling directions indicating to shake well prior to application and
to avoid freezing. Storage limits must be specifically indicated to prevent melting of semisolid
components. Instructions to ensure proper dosing and administration must accompany the
product. Tight containers are used for preparation and storage to prevent loss by evaporation.

Veterinary Drugs and Drug Products Delivered in Animal Feeds

Medicated articles/feeds are preparations used in veterinary medicine to deliver the API(s) via
the water or food given to animals. The medicated article/feed may be either a solid or liquid
and sometimes is called a premix. Medicated articles/feeds are further subdivided into three
types.

TYPE A MEDICATED ARTICLES

Type A medicated articles consist of a new animal drug(s) with or without a carrier (e.g.,
calcium carbonate, rice hull, corn, gluten) and with or without inactive ingredients. They are
sold to licensed feed mills or producers and are intended to be further diluted by mixing into
food or water prior to consumption by the animals. Because these preparations are not actually
dosed to animals, they are not considered dosage forms.

TYPE B MEDICATED FEEDS

Type B medicated feeds are products that contain a type A medicated article, or another type
B medicated feed, plus a substantial quantity of nutrients (not less than 25% of the total
weight). Like type A medicated articles, type B medicated feeds are intended for mixture with
food or water and additional nutrients, are not to be fed directly to the animals, and are not
considered dosage forms.

TYPE C MEDICATED FEEDS

Type C medicated feeds are made from type A medicated articles or type B medicated feeds
and are prepared at concentrations of the API appropriate for administration to animals by
mixing in food or water. Administration of type C medicated feeds can be accomplished by
blending directly into the feed; top-dressing the preparation onto the animal's normal daily
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rations; or heating, steaming, and extruding into pellets that are mixed or top-dressed onto the
animal's food. Another form of type C medicated feeds is compressed or molded blocks from
which animals receive the API or nutrients via licking the block.

PREPARATION

Type A medicated articles that are liquids are produced by mixing the API(s) with a suitable
solvent (e.g., water or propylene glycol). The API(s) is usually dissolved to produce a solution,
but suspension products also could be produced.

Type A medicated articles that are solids are produced by blending the API with excipients to
provide a uniform dosage form when mixed with the animal's feed. Often the API is first mixed
with an excipient (e.g., starch or sodium aluminosilicate) that has a similar particle size and can
help distribute the API uniformly throughout the final drug product. This pre-blend is then mixed
with bulking excipients (e.g., calcium carbonate or soybean hulls). Mineral oil may be added to
aid uniform distribution, to prevent particle segregation during shipping, and to minimize
formation of airborne API particles during production of type B or C medicated feeds.

Type B or C medicated feeds are produced at licensed feed mills or by farm producers. Type A
medicated articles are added to the feeds (e.g., ground corn or oats) during the milling process
of making feeds. Liquid type A medicated articles often are sprayed in at set rates, and solid
type A medicated articles are added slowly to aid in creating uniform distribution in the feeds.
Liquid type A medicated articles can also be mixed in with bulk water sources at prescribed
amounts.

LABELING AND PACKAGING

Type A medicated articles or type B medicated feeds include special labeling to indicate that
they should be used in the manufacture of animal feeds or added to the drinking water. The
labels indicate that they are not to be fed directly to animals. Also included is a statement
indicating “Not for Human Use”. Type A medicated articles or type B medicated feeds are
packaged either in paper bags, often with polyethylene liners for solids, and in plastic
containers for liquids. Typical sizes are 50-lb bags or several-gallon containers.

Films

Films are thin sheets that are placed in the oral cavity. They contain one or more layers. A
layer may or may not contain the drug substance. Typically, these thin sheets are formed by
casting or extrusion which results in a dispersion of the components through the film. Films are
classified by the site of application. “Oral films” can be formulated to deliver medication to the
mouth such as oral hygiene products or to deliver medication to the gastrointestinal tract for
absorption. “Buccal films” and “sublingual films” are formulated to facilitate absorption through
the proximal mucosal membranes avoiding first pass metabolism or degradation in the
gastrointestinal tract and providing a quick onset of action. 
Films can be formulated with edible polymers such as pullulan or with water-soluble polymers
such as modified cellulose, edible gums, and copolymers. The dissolution rate of the film is
controlled to facilitate incorporation of the medication into saliva or for absorption by the
proximal mucosa. These films must be substantial enough to maintain their integrity during
manufacture and packaging, and permit handling by the patient. Because of the rapid
dissolution, taste and mouth feel are important considerations. 2S (USP37)
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Foams

Medicated foams are emulsions containing a dispersed phase of gas bubbles in a liquid
continuous phase containing the API. Medicated foams are packaged in pressurized containers
or special dispensing devices and are intended for application to the skin or mucous
membranes. The medicated foam is formed at the time of application. Surfactants are used to
ensure the dispersion of the gas and the two phases. Medicated foams have a fluffy, semisolid
consistency and can be formulated to break to a liquid quickly or to remain as foam to ensure
prolonged contact.
Foams are preparations that comprise gas bubbles distributed in a liquid. The liquid contains

the drug substance and suitable excipients. Medicated foams may be packaged in pressurized
containers or in other special dispensing devices. For medicated foams dispensed from non-
pressurized containers, the use of mechanical force is required to generate the foam. Foams
are intended for application to the skin or mucous membranes. The medicated foam is formed at
the time of application. Surfactants are used to ensure the distribution of the gas in the liquid
and to stabilize the foam. Medicated foams have a semisolid consistency and can be formulated
to quickly break down into liquid or to remain as foam to ensure prolonged contact.

Medicated foams intended to treat severely injured skin or open wounds must be sterile.

PREPARATION

A foam may contain one or more APIs
drug substances,

surfactants, aqueous or nonaqueous liquids, and the
is produced with or without the aid of

propellants.
When a propellant is not used, mechanical work is required to generate the foam.

If the propellant is in the internal (discontinuous) phase, (i.e., is of the oil-in-water type)

a stable foam is discharged. If the propellant is in the external (continuous) phase, (i.e., is of
the water-in-oil type), a spray or

a quick-breaking foam is discharged. Quick-breaking foams formulated with alcohol create a
cooling sensation when applied to the skin and may have disinfectant
after application to the skin and may have antimicrobial

properties.

LABELING AND USE

Foams formulated with flammable components should be appropriately labeled. Labeling
indicates that prior to dispensing, a foam drug product is shaken well to ensure uniformity. The
instructions for use must clearly note special precautions that are necessary to preserve
sterility. In the absence of a metering valve, delivered volume may be variable.

Medical Gases (Inhalation Materials)
Gases
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Medical gases are products that are administered directly as a gas. A medical gas has a direct
pharmacological action or acts as a diluent for another medical gas. Gases used as excipients
for administration of aerosol products, as an adjuvant in packaging, or produced by other
dosage forms, are not included in this definition.

Components: Medical gases may be single components or defined mixtures of components.
Mixtures can also be extemporaneously prepared at the point of use.

Administration: Medical gases may be administered to the patient using several methods:
nasal cannulas, face masks, atmospheric tents, and endotracheal tubes for the pulmonary
route; hyperbaric chambers for the pulmonary and dermal routes of administration; jetted tubes
that are directed at dental tissue to promote drying in preparation for fillings and crowns; tubes
for expanding the intestines to facilitate medical imaging during colonoscopy; tubes for
expanding the pelvis via transuterine inflation in preparation for fallopian tubal ligation; and
tubes for expanding angioplasty devices. The dose of medical gas is typically metered by a
volume rate of flow under ambient temperature and pressure conditions. Administration of a
highly compressed gas generally requires a regulator to decrease the pressure, a variable-
volume flow controller, and suitable tubing to conduct the gas to the patient. For pulmonary
administration, the gas flow will be directed to the nose or mouth by a suitable device or into
the trachea through a mechanical ventilator. When medical gases are administered chronically,
provision for humidification is common. Care should be exercised to avoid microbial
contamination.

STORAGE

Medical gases are stored in a compressed state in cylinders or other suitable containers. The
containers must be constructed of materials that can safely withstand the expected pressure
and must be impact resistant. In some cases each container holds a single defined dose (e.g.,
general anesthetics), but in other cases the container holds sufficient gas for extended
administration.

SPECIAL CONSIDERATIONS

The container and system fittings should be appropriate for the medical gas. Adaptors should
not be used to connect containers to patient-use supply system piping or equipment. Large
quantities of gases such as oxygen or nitrogen can be stored in the liquid state in a cryogenic
container and converted into a gas, as needed, by evaporation. Additional rules concerning the
construction and use of cryogenic containers are promulgated by governmental agencies (e.g.,
U.S. Department of Commerce). 
Containers, tubing, and administration masks employed for gases containing oxygen are free of
any compound that would be sensitive to oxidation or that would be irritating to the respiratory
tract. 
A significant fraction of the dose of a medical gas may be released into the general vicinity of
the patient due to incomplete absorption. Adequate ventilation may be necessary to protect
health care workers and others from exposure to the gas (e.g., nitrous oxide).

LABELING

If required under the individual monograph, label to indicate the method of manufacture (such
as oxygen via air liquefaction). When piped directly from the storage container to the point of
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use, the gas must be labeled for content at each outlet.

When oxygen is in use, a posted warning should indicate the necessity of extinguishing smoking
materials and avoiding the use of open flames or other potential ignition sources.

Gels

Gels are semisolids consisting either of suspensions of small inorganic particles or of organic
molecules interpenetrated by a liquid. Jellies are a type of gel that typically have a higher water
content. Gels can be classed either as single-phase or two-phase systems. 
A two-phase gel consists of a network of small discrete particles (e.g., Aluminum Hydroxide Gel
or Psyllium Hemicellulose). Gels
These gels

may be thixotropic, forming semisolids on standing and becoming less viscous on agitation.
They should be shaken before use to ensure homogeneity and should be so labeled. 
Single-phase gels consist of organic macromolecules uniformly distributed throughout a liquid in
such a manner that no apparent boundaries exist between the dispersed macromolecules and
the liquid. Single-phase gels may be made from natural or synthetic macromolecules (e.g.,
Carbomer, Hypromellose, or Starch) or natural gums (e.g., Tragacanth). The latter
preparations are also called mucilages. Although these gels are commonly aqueous, alcohols
and oils may be used as the continuous phase.For example, mineral oil can be combined with a
polyethylene resin to form an oleaginous ointment base.

Gels can be administered by the topical or mucosal routes. Gels containing antibiotics
administered by teat infusion can be used in veterinary medicine to treat mastitis.
In veterinary medicine, gels can be administered via mammary infusion.

PREPARATION

See 795  for general procedures. Also see the information contained under Suspensions for
the formulation and manufacture of gels containing inorganic components or APIs
drug substances

in the solid phase. See 797  for general procedures for the preparation of sterile gels such as
Lidocaine Hydrochloride Jelly. 
Gels formed with large organic molecules may be formed by dispersing the molecule in the
continuous phase (e.g., by heating starch), by cross-linking the dispersed molecules by
changing the pH (as for Carbomer Copolymer), or by reducing the continuous phase (as for
jellies formed with sucrose). 
Care should be taken to ensure uniformity of the APIs
drug substances

by dispersing them by vigorous mixing or milling, or by shaking if the preparation is less viscous.

PACKAGING AND STORAGE

Store in tight containers to prevent water loss. Avoid freezing.
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Granules

Granules are solid dosage forms that are composed of agglomerations of smaller particles.
These multicomponent compositions are prepared for oral administration and are used to
facilitate flexible dosing regimens as granules or as suspensions, address stability challenges,
allow taste masking, or facilitate flexibility in administration (for instance, to pediatric patients,
geriatric patients, or animals). Granular dosage forms may be formulated for direct oral
administration and may facilitate compounding of multiple APIs
drug substances

by allowing compounding pharmacists to blend various granular compositions in the retail or
hospital pharmacy. More commonly, granules are reconstituted to a suspension by the addition
of water or a supplied liquid diluent immediately prior to delivery to the patient. Effervescent
granules are formulated to liberate gas (carbon dioxide) upon addition of water. Common
examples of effervescent granules include antacid and potassium supplementation preparations.
Common therapeutic classes formulated as granule dosage forms include antibiotics, certain
laxatives (such as senna extract products), electrolytes, and various cough and cold remedies
that contain multiple APIs
drug substances.

Granular dosage forms also are employed in veterinary medicine when they are often placed on
top of or mixed with an animal's food. They are frequently provided with a measuring device to
allow addition to feeds. The resultant mix facilitates dosing.

PREPARATION

Granules are often the precursors used in tablet compression or capsule filling. Although this
application represents a pharmaceutical intermediate and not a final dosage form, numerous
commercial products are based on granules. In the typical manufacture of granules, the API
drug substance(s)

is blended with excipients (processing aids) and wetted with an appropriate pharmaceutical
binding solution, solvent, or blend of solvents to promote agglomeration. This composition is
dried and sized to yield the desired material properties. 
Frequently, granules are used because the API
drug substance

is unstable in aqueous environments and cannot be exposed to water for periods sufficient to
accommodate manufacture, storage, and distribution in a suspension. Preparation of the liquid
dosage form from the granules immediately prior to dispensing allows acceptable stability for
the duration of use. Granules manufactured for this purpose are packaged in quantities
sufficient for a limited time period—usually one course of therapy that typically does not
exceed 2 weeks. In addition to the API
drug substances,

other ingredients may be added to ensure acceptable stability (e.g., buffers, antioxidants, or
chelating agents) or to provide color, sweetness, and flavor; and for suspensions, to provide
acceptable viscosity to ensure adequate suspension of the particulate to enable uniform
dosing. 
Effervescent granules are typically formulated from sodium or potassium bicarbonate and an
acid such as citric or tartaric acid. To prevent untimely generation of carbon dioxide,
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manufacturers should take special precautions to limit residual water in the product due to
manufacture and to select packaging that protects the product from moisture. The
manufacture of effervescent granules can require specialized facilities designed to maintain
very low humidity (approximately 10% relative humidity). Effervescent powder mixtures are
purposely formed into relatively course granules to reduce the rate of dissolution and provide a
more controlled effervescence. 
Reconstitution of granules must ensure complete wetting of all ingredients and sufficient time

and agitation to allow the soluble components to dissolve. Specific instructions for
reconstitution provided by the manufacturer should be carefully followed.

Reconstituted suspensions should be thoroughly mixed or shaken before use to re-suspend the
dispersed particulates. This is especially true of suspension preparations dosed from multiple-
dose containers. For particularly viscous siuspensions prone to air entrapment, instructions may
advise the user how to shake the preparation to re-suspend settled particulates while
minimizing air entrapment. 
For granules reconstituted to form suspensions for oral administration, acceptable suspension of
the particulate phase depends on the particle size of the dispersed phase as well as the
viscosity of the vehicle. Temperature can influence the viscosity, which influences suspension
properties and the ease of removal of the dose from the bottles. In addition, temperature
cycling can lead to changes in the particle size of the dispersed phase via Ostwald ripening.
Thus, clear instructions should be provided regarding the appropriate storage temperature for
the product.

PACKAGING AND STORAGE

Granules for reconstitution may be packaged in unit-of-use containers or in containers with
sufficient quantities to accommodate a typical course of therapy (frequently 10 days to two
weeks with antibiotic products). Packaging should provide suitable protection from moisture.
This is particularly true for effervescent granules. Granules may be stored under controlled room
temperature conditions unless other conditions are specifically noted.

Many granule products specify refrigerated storage following reconstitution and direct the
patient to discard unused contents after a specified date that is based on the stability of the
API in the reconstituted preparation.

LABELING AND USE

Effervescent granules (and tablets) are labeled to indicate that they are not to be swallowed
directly.

Reconstitution of granules must ensure complete wetting of all ingredients and sufficient time
and agitation to allow the soluble components to dissolve. Specific instructions for
reconstitution provided by the manufacturer should be carefully followed.

Reconstituted suspensions should be thoroughly mixed or shaken before use to re-suspend the
dispersed particulates. This is especially true of suspension preparations dosed from multiple-
dose containers. For particularly viscous suspensions prone to air entrapment, instructions may
advise the user how to shake the preparation to re-suspend settled particulates while
minimizing air entrapment.

SPECIAL CONSIDERATIONS
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For granules reconstituted to form suspensions for oral administration, acceptable suspension of
the particulate phase depends on the particle size of the dispersed phase as well as the
viscosity of the vehicle. Temperature can influence the viscosity, which influences suspension
properties and the ease of removal of the dose from the bottle. In addition, temperature
cycling can lead to changes in the particle size of the dispersed phase via Ostwald ripening.
Thus, clear instructions should be provided regarding the appropriate storage temperature for
the product.

Medicated

Gums

Medicated gum is a semisolid confection
pliable dosage form

that is designed to be chewed rather than swallowed. Medicated gums release the API(s)
drug substance(s)

into the saliva. Medicated gums can deliver therapeutic agents for local action in the mouth
(such as antibiotics to control gum disease)

or for systemic absorption via the buccal or gastrointestinal routes (e.g., nicotine or aspirin).
Most medicated

gums are manufactured using the conventional melting process derived from the confectionary
industry or alternatively may be directly compressed from gum powder. Medicated gums are
formulated from insoluble synthetic gum bases such as polyisoprene, polyisobutylene,
isobutyleneisoprene copolymer, styrene butadiene rubber, polyvinyl acetate, polyethylene,
ester gums, or polyterpenes. Plasticizers and softeners such as propylene glycol, glycerin, oleic
acid, or processed vegetable oils are added to keep the gum base pliable and to aid in the
incorporation of the API(s)
drug substance(s),

sweeteners, and flavoring agents. Sugars as well as artificial sweeteners and flavorings are
incorporated to improve taste, and dyes may be used to enhance appearance. Some medicated
gums are coated with magnesium stearate to reduce tackiness and improve handling during
packaging. A preservative may be added.

PREPARATION

Melted gum: The gum base is melted at a temperature of about 115  until it has the viscosity
of thick syrup and, at that point, is filtered through a fine-mesh screen. This molten gum base
is transferred to mixing tanks where the sweeteners, plasticizers, and typically the API
drug substance

are added and mixed. Colorings, flavorings, and preservatives are added and mixed while the
melted gum is cooling. The cooled mixture is shaped by extrusion or rolling and cutting. Dosage
units of the desired shape and potency are packaged individually. Additional coatings such as
powder coatings to reduce tackiness or film or sugar coatings may be added to improve taste
or facilitate bulk packaging.

Directly compressed gum: The gum base is supplied in a free-flowing granular powder form.
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The powder gum base is then dry blended with sweeteners, flavors, the API
drug substance,

and lubricant. The blend is then processed through a conventional tablet press and tableted
into desired shapes. The resulting medicated gum tablets can be further coated with sugar or
sugar-free excipients. These tablets can be packaged in blisters or bottles as needed.

SPECIAL CONSIDERATIONS

Medicated gums are typically dispensed in unit-dose packaging. The patient instructions also
may include a caution to avoid excessive heat.

Implants

Implants are long-acting dosage forms that provide continuous release of the API
drug substance

often for periods of months to years. They are administered by the parenteral route. For
systemic delivery they may be placed subcutaneously, or for local delivery they can be placed
in a specific region in the body
(e.g., in the sinus, in an artery, in the eye, in the brain, etc.)

Several types of implants are available. Pellet implants are small, sterile, solid masses composed
of a API
drug substance

with or without excipients. They are usually administered by means of a suitable special injector
(e.g., trocar) or by surgical incision. Release of the API
drug substance

from pellets is typically controlled by diffusion and dissolution kinetics. The size of the pellets
and rate of erosion will influence the release rate, which typically follows first-order kinetics.
API
Drug substance

release from pellets for periods of 6 months or more is possible. Pellet implants have been used
to provide extended delivery of hormones such as testosterone or estradiol.

Resorbable microparticles are a type of implants that provide
implant that provides

extended release of a API
drug substance

over periods varying from a few weeks to months. They can be administered subcutaneously or
intramuscularly for systemic delivery, or they may be deposited in a desired location in the body
for site-specific delivery. Injectable resorbable microparticles (or microspheres) generally range
from 20 to 100 µm in diameter. They are composed of an API
a drug substance

dispersed within a biocompatible, bioresorbable polymeric excipient (matrix). Poly(lactide-co-
glycolide) polymers have been used frequently. These excipients typically resorb by hydrolysis
of ester linkages. The microparticles are administered by suspension in an aqueous vehicle
followed by injection with a conventional syringe and needle. Release of the API
drug substance

from the microparticles begins after physiological fluid enters the polymer matrix, dissolving
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some of the API
drug substance

that is then released by a diffusion-controlled process. Drug release also can occur as the
matrix erodes. 
Polymer implants can be formed as a single-shaped mass such as a cylinder. The polymer matrix
must be biocompatible
(see The Biocompatibility of Materials Used in Drug Containers, Medical Devices, and Implants

1031 ),
but it can be either biodegradable or nonbiodegradable. Shaped polymer implants are
administered by means of a suitable special injector. Release kinetics are typically not zero-
order, but zero-order kinetics are possible. API
Drug substance

release can be controlled by the diffusion of the API
drug substance

from the bulk polymer matrix or by the properties of a rate-limiting polymeric membrane coating.
Polymer implants are used to deliver potent small molecules like steroids (e.g., estradiol for
cattle) and large molecules like peptides [e.g., luteinizing hormone-releasing hormone (LHRH)].
Example durations of API
drug substance

release are 2 and 3 months for biodegradable implants and one year
up to 3 years

for nonbiodegradable implants. An advantage of biodegradable implants is that they do not
require removal after the release of all API
drug substance

content. Nonbiodegradable polymer implants can be removed before or after a API
drug substance

release is complete or may be left in situ. An implant can have a tab with a hole in it to
facilitate suturing it in place (e.g., for an intravitreal implant for local ocular delivery). Such
implants may provide therapeutic release for periods as long as 2.5 years.

Some implants are designed to form as a mass in situ. These implants are initially prepared as
liquid formulations comprising polymer, API, and solvent for the polymer. The polymer solvent
can be water or an organic solvent. After administration of the liquid formulation to a patient by
subcutaneous or intramuscular administration, it forms a gel or a solid polymeric matrix that
traps the API and extends the API release for days or months. In situ-forming implants also are
used for local delivery of the API to treat periodontal disease. The implant is formed within the
periodontal pocket.

Another type of implant can be fabricated from a metal such as titanium and plastic
components. These implants are administered by means of a suitable injector or by surgical
installation. A solution of API inside the implant, like an LHRH solution, is released via an
osmotically driven pump inside the implant. Duration of release may be as long as one year or
more. Release kinetics are zero order. After the API is delivered, metal-based implants are
removed.

API
Drug substance
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-eluting stents combine the mechanical effect of the stent to maintain arterial patency with
the prolonged pharmacologic effect of the incorporated API
drug substance

(to reduce restenosis, inhibit clot formation, or combat infection). As an example, a metal stent
can be coated with a nonbiodegradable or biodegradable polymer-containing API
drug substance.

The resultant coating is a polymeric matrix that controls the extended release of the API
drug substance.

In veterinary medicine, drug substance(s) in pellets may be implanted subcutaneously in the
animal's ear (cattle).

PREPARATION

Pellet implants are made by API
drug substance

compression or molding. Cylindrical polymeric implants are typically made by melt extrusion of a
blend of API
drug substance

and polymer, resulting in a rod that is cut into shorter lengths. Polymer implants can also be
made by injection molding. Still other implants are assembled from metal tubes and injection-
molded plastic components. 
Sterility can be achieved by terminal sterilization or by employing aseptic manufacturing
procedures.

PACKAGING AND STORAGE

All implants are individually packaged (typically in their injector or for veterinary use in
cartridges that are placed in the injector guns), are sterile (except for some animal health
products), and conform to the appropriate standards for injection. Biodegradable implants are
protected from moisture so the polymer does not hydrolyze and alter drug release kinetics
before use.

Injections

(see Emulsions, Powders, Solutions, and Suspensions) 

Injections are not treated as a dosage form in this chapter. Chapter 1  provides quality and
other information about injectable products. Information on specific dosage form terminology

can be found in the Glossary. For appropriate injection nomenclature, see Nomenclature 1121

.

Excess volume in injections: Each container of an injection is filled with a volume in slight
excess of the labeled “size” or the volume that is to be withdrawn. The excess volumes
recommended in Table 1 are usually sufficient to permit withdrawal and administration of the
labeled volumes.

Table 1

Recommended Excess Volume
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Labeled Size
(mL)

For Mobile
Liquids
(mL)

For Viscous
Liquids
(mL)

0.5 0.10 0.12
1.0 0.10 0.15
2.0 0.15 0.25
5.0 0.30 0.50
10.0 0.50 0.70
20.0 0.60 0.90
30.0 0.80 1.20

50.0 or more 2% 3%

Inserts

Inserts are solid dosage forms that are inserted into a naturally occurring (nonsurgical) body
cavity other than the mouth or rectum (see Suppositories). The API is delivered in inserts for
local or systemic action. Inserts applied to the eye, such as Pilocarpine Ocular System,
typically are sterile. Vaginal inserts for humans are usually globular or oviform and weigh about
5 g each. Vaginal inserts for cattle are T-shaped, are formed of polymer, are removable, and
can be used for up to eight days. One veterinary application is for estrus synchronization.
Inserts intended to dissolve in vaginal secretions usually are made from water-soluble or water-
miscible vehicles such as polyethylene glycol or glycerinated gelatin. Vaginal inserts such as
dinoprostone vaginal insert (e.g., see USP monograph Dinoprostone Vaginal Suppositories) are
formulated to deliver medication to the cervix and to be removed or recovered once the API
has been released. Intrauterine inserts such as Progesterone Intrauterine Contraceptive
System are used to deliver APIs locally to achieve efficacy while reducing side effects. Some
intrauterine inserts are formulated to remain in the uterus for extended periods of time. An
intra-urethral insert of alprostadil is available for the treatment of erectile dysfunction.
The drug substance in inserts is delivered for local or systemic action. Vaginal inserts are

usually globular or oviform and weigh about 5 g each. Inserts intended to dissolve in vaginal
secretions are usually made from water-soluble or water-miscible vehicles such as polyethylene
glycol or glycerinated gelatin.

PREPARATION

For general considerations, see 795 . Inserts vary considerably in their preparation. Inserts
may be molded (using technology similar to that used to prepare lozenges, suppositories, or
plastics), compressed from powders (as in tableting), or formulated as special applications of
capsules (soft gelatin capsules and hard gelatin capsules have been employed for
extemporaneously compounded preparations). Inserts may be formulated to melt at body
temperature or disintegrate upon insertion. Design of the dosage form should take into
consideration the fluid volume available at the insertion site and minimize the potential to cause
local irritation. Most inserts are formulated to ensure retention at the site of administration.

STORAGE AND LABELING

Appropriate storage conditions must be clearly indicated in the labeling for all inserts, especially
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for those that are designed to melt at body temperature. Instructions to ensure proper dosing
and administration must accompany the product.

Irrigations

(see Solutions)

Liquids

As a dosage form, a liquid consists of a pure chemical in its liquid state. Examples include
mineral oil, isoflurane, and ether. This dosage form term is not applied to solutions.

STORAGE AND LABELING

Storage, packaging, and labeling consider the physical properties of the material and are
designed to maintain potency and purity.

Lotions

(see Emulsions)

Lozenges

Lozenges are solid oral dosage forms that are designed to dissolve or disintegrate slowly in the
mouth. They contain one or more APIs
drug substances

that are slowly liberated from the,
typically,

flavored and sweetened base. They are frequently intended to provide local action in the oral
cavity or the throat but also include those intended for systemic absorption after dissolution.
The typical therapeutic categories of APIs
drug substances

delivered in lozenges are antiseptics, analgesics, decongestants, antitussives, and antibiotics.
Molded lozenges are called cough drops or pastilles
but these terms are not used in naming pharmacopeial articles.

Lozenges prepared by compression or by stamping or cutting from a uniform bed of paste are
sometimes known as troches
(a term not used in naming pharmacopeial articles).

Troches
Compressed or stamped lozenges

are often produced in a circular shape. 
Lozenges can be made using sugars such as sucrose and dextrose, or can provide the benefits
of a sugar-free formulation that is usually based on sorbitol or mannitol. Polyethylene glycols
and hypromellose are sometimes included to slow the rate of dissolution.

MANUFACTURE

Excipients used in molded lozenge manufacture include gelatin, fused sucrose, sorbitol, or
another carbohydrate base. 
Molded lozenges using a sucrose or sorbitol base containing APIs
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drug substances
such as phenol, dextromethorphan, fentanyl, and dyclonine hydrochloride and menthol are

prepared by cooking the sugar (sucrose, corn syrup, and sorbitol) and water at about 150  to
reduce the water content to less than 2%. The molten sugar solution is transferred to a cooling
belt or cooling table, and medicaments, flavorings, and colorings are added and thoroughly
mixed while cooling. Individual dosage units of the desired shape are formed by filling the molten
mass into molds. These lozenges are quickly cooled in the molds to trap the base in the glassy
state. Once formed, the lozenges are removed from the molds and packaged. Care is taken to
avoid excessive moisture during storage to prevent crystallization of the sugar base. 
Compressed lozenges are made using excipients that may include a filler, binder, sweetening
agent, flavoring agent, and lubricant. Sugars such as sucrose, sorbitol, and mannitol are often
included because they can act as a filler and binder as well as serve as sweetening agents.
Approved FD&C and D&C dyes or lakes (dyes adsorbed onto insoluble aluminum hydroxide) may
also be present. 
The manufacturing of compressed lozenges is essentially the same as that for conventional
tableting, with the exception that a tablet press capable of making larger tablets and exerting
greater force to produce harder tablets may be required (see Tablets). 
The paste used to produce lozenges manufactured by stamping or cutting contains a
moistening agent, sucrose, and flavoring and sweetening agents. The homogenous paste is
spread as a bed of uniform thickness, and the lozenges are cut or stamped from the bed and
are allowed to dry. Some lozenges are prepared by forcing dampened powders under low
pressure into mold cavities and then ejecting them onto suitable trays for drying at moderate
temperatures.

PACKAGING AND STORAGE

Many lozenges are sensitive to moisture, and typically a monograph indicates that the package
or container type is well closed and/or moisture resistant. Storage instructions may include
protection from high humidity.

Ointments

Ointments are semisolid preparations
generally

intended for external application to the skin or mucous membranes. APIs
Drug substances

delivered in ointments are intended for local action or for systemic absorption. Ointments
usually contain less than 20% water and volatiles, and more than 50% hydrocarbons, waxes, or
polyols as the vehicle. Ointment bases recognized for use as vehicles fall into four general
classes: hydrocarbon bases, absorption bases, water-removable bases, and water-soluble
bases.

Hydrocarbon bases: Also known as oleaginous ointment bases, they
hydrocarbon bases

allow the incorporation of only small amounts of an aqueous component. Ointments prepared
from hydrocarbon bases act as occlusive dressings and provide prolonged contact of the API
drug substance

with the skin. They are difficult to remove and do not change physical characteristics upon
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aging.

Absorption bases: Allow the incorporation of aqueous solutions. Such bases include only
anhydrous components (e.g., Hydrophilic Petrolatum) or water-in-oil emulsions (e.g., Lanolin).
Absorption bases are also useful as emollients.

Water-removable bases: Oil-in-water emulsions (e.g., Hydrophilic Ointment) are sometimes
referred to as creams (see Emulsions). Water-removable bases may be readily washed from the
skin or clothing with water, making them acceptable for cosmetic reasons. Other advantages of
the water-removable bases are that they can be diluted with water and that they favor the
absorption of serous discharges in dermatological conditions.

Water-soluble bases: Also known as greaseless ointment bases, they are formulated entirely
from water-soluble constituents. Polyethylene Glycol Ointment is the only official preparation in
this group. Water-soluble bases offer many of the advantages of the water-removable bases
and, in addition, contain no water-insoluble substances such as petrolatum, anhydrous lanolin,
or waxes. They are more correctly categorized as gels (see Gels).

The choice of an ointment base depends on the action desired, the characteristics of the
incorporated API
drug substance,

and the latter's bioavailability if systemic action is desired. The product's stability may require
the use of a base that is less than ideal in meeting other quality attributes. APIs
Drug substances

that hydrolyze rapidly, for example, are more stable in hydrocarbon bases than in bases that
contain water.

Ophthalmic ointments are intended for application directly to the eye or eye-associated
structures such as the subconjunctival sac. They are manufactured from sterilized ingredients

under aseptic conditions and meet the requirements under Sterility Tests 71 . Ingredients

meeting the requirements described under Sterility Tests 71  are used if they are not
suitable for sterilization procedures. Ophthalmic ointments in multiple-dose containers contain
suitable antimicrobial agents to control microorganisms that might be introduced during use
unless otherwise directed in the individual monograph or unless the formula itself is

bacteriostatic (see Ophthalmic Ointments 771 , Added Substances). The finished ointment is
free from large particles and must meet the requirements for Leakage and for Metal Particles

under Ophthalmic Ointments 771 . The immediate container for ophthalmic ointments is
sterile at the time of filling and closing. The immediate containers for ophthalmic ointments are
sealed and made tamper-proof so that sterility is ensured at time of first use.

A suitable ophthalmic ointment base is nonirritating to the eye and permits diffusion of the API
throughout the secretions bathing the eye. Petrolatum is most commonly used as a base for
ophthalmic APIs. Some absorption bases, water-removable bases, and water-soluble bases may
be desirable for water-soluble APIs if the bases are nonirritating.

MANUFACTURE
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Ointments are typically prepared by either direct incorporation into a previously prepared
ointment base or by fusion (heating during the preparation of the ointment). A levigating agent
is often added to facilitate the incorporation of the medicament into the ointment base by the
direct incorporation procedure. In the fusion method, the ingredients are heated. , often in the

range of 60  to 80

Homogenization is often necessary. The rate of cooling is an important manufacturing detail
because rapid cooling can impart increased structure to the product of the fusion method.

PACKAGING AND STORAGE

Protect from moisture. For emulsified systems, temperature extremes can lead to physical
instability of the preparation. When this is the case products should be clearly labeled to
specify appropriate storage conditions. Ointments typically are packaged either in ointment jars
or ointment tubes. Ointment jars are often used for more viscous ointments that do not require
sterility. Ointment tubes typically are used for less viscous ointments and those such as
ophthalmic ointments that require the maintenance of sterility. The package sizes for
ophthalmic preparations are controlled to minimize the likelihood of contamination and loss of
sterility.

Pastes

Pastes are semisolid preparations of stiff consistency and contain a high percentage
(20%–50%)

of finely dispersed solids. Pastes are intended for application to the skin, oral cavity, or mucous
membranes. In veterinary practice, pastes are used for systemic delivery of APIs.

Pastes ordinarily do not flow at body temperature and thus can serve as occlusive, protective
coatings. As a consequence, pastes are more often used for protective action than are
ointments. 
Fatty pastes that have a high proportion of hydrophilic solids appear less greasy and are more
absorptive than ointments. They are used to absorb serous secretions and are often preferred
for acute lesions that have a tendency toward crusting, vesiculation, or oozing. 
Dental pastes may be
are

applied to the teeth. , or alternatively they may be indicated for adhesion to the mucous
membrane for a local effect (e.g., Triamcinolone Acetonide Dental Paste). Some paste
preparations intended for animals are administered orally. The paste is squeezed into the mouth
of the animal, generally at the back of the tongue, or is spread inside the mouth.
Other orally administered pastes may be indicated for adhesion to the mucous membrane for a

local effect.

In veterinary medicine, pastes are typically administered orally and are intended for systemic
delivery of drug substances. The paste is squeezed into the mouth of the animal, generally at
the back of the tongue, or is spread inside the mouth.

PREPARATION

Pastes can be prepared by direct incorporation or by fusion (the use of heat to soften the
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base). The solid ingredients often are incorporated following comminution and sieving. If a
levigating agent is needed, a portion of the ointment base is often employed rather than a
liquid.

LABELING AND STORAGE

Veterinary products should be labeled to ensure they are not administered to humans. Labeling
should indicate the need for protection from heat.

Transdermal Systems (Patches)

Transdermal API delivery systems (TDSs) are discrete dosage forms that are designed to deliver
the API(s) through intact skin to the systemic circulation. Typically, a TDS is composed of an
outer covering (barrier), an API reservoir (possibly covered with a rate-controlling membrane),
a contact adhesive applied to some or all parts of the system (to attach the TDS to the skin
surface), and a protective layer that is removed before the patch is applied. The activity of a
TDS is defined in terms of the release rate of the API(s) from the system. The total duration of
drug release from the system and the system surface area also may be stated.

Most TDSs can be considered either matrix-type or reservoir-type systems. Matrix-type
patches are often further divided into monolithic adhesive matrix or polymer matrix types.
Reservoir-type systems include liquid reservoir systems and solid-state reservoir systems.
Solid-state reservoir patches also include multilaminate adhesive and multilaminate polymer
matrix systems.

Drug delivery from some TDSs is controlled by diffusion kinetics. The API diffuses from the drug
reservoir directly or through the rate-controlling membrane and/or contact adhesive and then
through the skin into the general circulation. Modified-release systems are generally designed
to provide drug delivery at a constant rate so that a true steady-state blood concentration is
achieved and maintained until the system is removed. Other TDSs work by active transport of
the API. For example, iontophoretic transdermal delivery uses the electric current between two
electrodes to enhance the movement of ionized APIs through the skin.

TDSs are applied to the body areas recommended by the labeling. The API content of the
system provides a reservoir that, by design, maintains a constant API concentration at the
system–skin interface. The dosing interval of the system is a function of the amount of API in
the reservoir and the release rate. Some API concentration may remain in the reservoir at the
end of the dosing interval, in particular for diffusion-controlled delivery mechanisms. [Note
—Where the API is intended for local action, it may be embedded in adhesive on a cloth or
plastic backing. This type of product is sometimes called a plaster or tape (see Plasters and
Tapes).]

PREPARATION

TDSs require a backing, a means of storing the API for delivery to the skin, an adhesive to
attach the system to the skin, and a removable release liner to protect the adhesive, API, and
excipients before application. The backing has low moisture- and vapor-transmission rates to
support product stability. The adhesive layer may contain the API and permeation enhancers in
the case of matrix-type systems or multi-laminate reservoir systems for which a priming dose is
desired. Adhesive may be applied to the entire patch release surface or merely to the
periphery. Liquid reservoir systems are often formed–filled–sealed between the backing and
release-controlling materials. For monolithic adhesive matrix systems, the API and excipients
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are applied as a solution or suspension either to the backing or the release liner, and the
solvent is allowed to evaporate.

PACKAGING AND STORAGE

Storage conditions are clearly specified because extreme temperature excursions can influence
the performance of some systems.

LABELING

The labeling should clearly indicate any performance limitations of the system (e.g., influence of
application site, hydration state, hair, or other variables).

Pellets

Pellets are dosage forms composed of small, solid particles of uniform shape sometimes called
beads,
although the use of the term “beads” as a dosage form is not preferred.

Typically, pellets are nearly spherical but this is not required. Pellets may be administered by
the oral (gastrointestinal) or by the injection route (see also Implants). Pellet formulations may
provide several advantages, including physical separation for chemically or physically
incompatible materials, extended release of the API
drug substance,

or delayed release to protect an acid-labile API
drug substance

from degradation in the stomach or to protect stomach tissues from irritation. Extended-release
pellet formulations may be designed with the API
drug substance

dispersed in a matrix, or the pellet may be coated with an appropriate polymer coating that
modifies the drug-release characteristics. Alternatively, the pellet design may combine these
two approaches. In the case of delayed-release formulations, the coating polymer is chosen to
resist dissolution at the lower pH of the gastric environment but to dissolve in the higher pH
intestinal environment. Injected or surgically administered pellet preparations (see Implants)
are often used to provide continuous therapy for periods of months or years. 
Pellet dosage forms may be designed as single or multiple entities. Often, implanted pellets will
contain the desired API
drug substance

content in one or several units. In veterinary practice, multiple pellets may be implanted in the
ears of cattle, depending on animal size. Oral pellets typically are contained within hard gelatin
capsules for administration.
Oral pellets are typically contained within hard gelatin capsules for administration.

Although there are no absolute requirements for size, the useful size range of pellets is
governed by the practical constraints of the volume of commonly used capsules and the need
to include sufficient numbers of pellets in each dose to ensure uniform dosing of the API
drug substance.

As a result, many pellets used for oral administration fall within a size range of 710 µmto 2.36
–2.5

mm. Pellet formulations are sometimes used to minimize variability associated with larger dosage
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forms caused by gastric retention upon stomach emptying
gastric retention of larger dosage forms.

Enteric-coated (delayed-release)
Delayed-release

pellet formulations and some extended-release formulations are prepared by applying a coating
to the formulated particles. The coating must be applied as a continuous film over the entire
surface of each particle. Because a small population of imperfectly coated particles may be
unavoidable, oral pellets are designed to require the administration of a large number in a single
dose to minimize any adverse influence of imperfectly coated pellets on drug delivery.

PREPARATION

The desired performance characteristics determine the manufacturing method chosen. In
general, pellet dosage forms are manufactured by wet extrusion processes followed by
spheronization, by wet or dry coating processes, or by compression. Manufacture of pellets by
wet coating usually involves the application of successive coatings upon nonpareil seeds. This
manufacturing process is frequently conducted in fluid-bed processing equipment. Dry powder
coating or layering processes are often performed in specialized rotor granulation equipment.
The extent of particle growth achievable in wet coating processes is generally more limited
than the growth that can be obtained with dry powder layering techniques, but either method
allows the formulator to develop and apply multiple layers of coatings to achieve the desired
release profile. The manufacture of pellets by compression is largely restricted to the
production of material for subcutaneous implantation. This method of manufacture provides the
necessary control to ensure dose uniformity and is generally better suited to aseptic processing
requirements. 
Alternatively, microencapsulation techniques can be used to manufacture pellets. Coacervation
coating techniques typically produce coated particles that are much smaller than those made
by other techniques.

PACKAGING AND STORAGE

Pellets for oral administration generally are filled into hard gelatin capsules and are placed in
bottles or blister packages. The packaging provides suitable protection from moisture to ensure
the stability of the pellet formulation as well as to preserve desirable moisture content of the
capsule shells. Pellets for implantation are sterile and should be packaged in tight containers
suitable for maintaining sterile contents. Pellets may be stored under controlled room
temperature conditions unless other conditions are specifically noted.

LABELING AND USE

Pellets for oral administration that are formulated to provide delayed or extended release must
be swallowed intact to ensure preservation of the desired release characteristics. These
products should be labeled accordingly to ensure that the material is not crushed or chewed
during administration.

Pills

Pills are API

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 216



drug substance
-containing small, round
spherical,

solid bodies intended for oral administration. At one time pills were the most extensively used
oral dosage form, but they have been replaced by compressed tablets and capsules. Pills are
distinguished from tablets because pills are usually prepared by a wet massing and molding
technique, while tablets are typically formed by compression.
The pill dosage form has been largely replaced by compressed tablets and by capsules. Unlike

tablets, pills are usually prepared by a wet massing, piping, and molding technique. This term is
frequently incorrectly used as a general term to describe solid oral dosage forms, such as
tablets and capsules.

PREPARATION

Excipients are selected on the basis of their ability to produce a mass that is firm and plastic.
The API
drug substance

is triturated with powdered excipients in serial dilutions to attain a uniform mixture. Liquid
excipients that act to bind and provide plasticity to the mass are subsequently added to the
dry materials. The mass is formed by kneading. The properties of firmness and plasticity are
necessary to permit the mass to be worked and retain the shape produced. Cylindrical pill pipes
are produced from portions of the mass. The pill pipe is cut into individual lengths corresponding
to the intended pill size, and the pills are rolled to form the final shape. Pill-making machines
can automate the preparation of the mass, production of pill piping, and the cutting and rolling
of pills.

PACKAGING AND LABELING

Labeling and use instructions for pills are similar to those for tablets. Although many pills are
resistant to breakage, some pills are friable. Appropriate handling guidelines should be provided
in such cases in order to avoid breakage.

Plasters

A plaster is a semisolid substance for external application and usually
that

is supplied on a support material. Plasters are applied for prolonged periods to provide
protection, support, or occlusion (maceration).
This term is not preferred and should not be used for new drug product titles. Plasters consist

of an adhesive layer that may contain active substances. This layer is spread uniformly on an
appropriate support that is usually made of a rubber base or synthetic resin. Unmedicated
plasters are designed to provide protection or mechanical support to the site of application.
Plasters are available in a range of sizes or cut to size to effectively provide prolonged contact
to the site of application. They adhere firmly to the skin but can be peeled off the skin without
causing injury.

Plasters consist of an adhesive layer that may contain active substances. This layer is spread
uniformly on an appropriate support that is usually made of a rubber base or synthetic resin.
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Unmedicated plasters are designed to provide protection or mechanical support to the site of
application. These plasters are neither irritating nor sensitizing to the skin.

Plasters are available in a range of sizes or cut to size to effectively provide prolonged contact
to the site of application. They adhere firmly to the skin but can be peeled off the skin without
causing injury.

One example of a plaster currently in use is salicylic acid plasters used for the removal of corns
by the keratolytic action of salicylic acid.

PACKAGING AND STORAGE

Plasters are preserved in well-closed containers, preferably at controlled room temperature.

Powders

Powders are defined as a
single

solid or a mixture of solids in a finely divided state. intended for internal or external use.

Powders used as pharmaceutical dosage forms may contain one or more APIs
drug substances

and can be mixed with water for oral administration or injection
used as is or can be mixed with a suitable vehicle for administration.

Often pediatric antibiotics utilize a powder dosage form for improved stability. In some areas
medicated powders are used for extemporaneous compounding of preparations for simultaneous
administration of multiple APIs. Medicated powders also can be inhaled for pulmonary
administration (see Inhalation Powders). Aerosolized powders for the lungs typically contain
processing aids to improve flow and ensure uniformity (see Aerosols, Nasal Sprays, Metered-

Dose Inhalers, and Dry Powder Inhalers 601 ). Powders can also be used topically as a
dusting powder.
Powders are grouped according to the following terms: very coarse, coarse, moderately

coarse, fine, and very fine (see Powder Fineness 811 ). Powders can be intended for internal
or external use. Powders for external use are typically dusted onto the skin or applied to
bandages or clothing. Powders for internal use can be applied to accessible mucous membranes
with suitable applicators or are entrained in air streams for application to the nose or lungs.

The performance of powder dosage forms can be affected by the physical characteristics of
the powder. For example, particle size can influence the dissolution rate of the particles and
thus the bioavailability and/or effectiveness at the site of action.

Externally applied powders should have a particle size of 150 µm or less (typically in the 50- to
100-µm range ) in order

to prevent a gritty feel on the skin that could further irritate traumatized skin
).

Powders are grouped according to the following terms: very coarse, coarse, moderately coarse,

fine, and very fine (see Powder Fineness 811 ). The performance of powder dosage forms
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can be affected by the physical characteristics of the powder. Particle size can influence the
dissolution rate of the particles and affect bioavailability. For dispersed delivery systems,
particle size can influence the mixing and segregation behavior of the particle, which in turn
affects the uniformity of the dosage form.
The particle size of powders delivered to the lung or nose influences where the powder is

deposited. Particle size can influence the mixing, segregation, and aggregation of the particles,
which can affect the delivery and unformity of the dosage form. 
In veterinary medicine, a powder that needs to be reconstituted prior to administration has
been called a concentrate (e.g., drug products administered via drinking water). Such use of
the term “concentrate” is no longer preferred.

Inhalation powders and nasal powders: Inhalation powders and nasal powders consist of an
appropriately finely divided solid and a suitable container–closure delivery system. For additional

information, see 5  and 601 .

PREPARATION

Powder dosage forms can be produced by the combination of multiple components into a
uniform blend. This
preparation

can also involve particle size reduction, a process referred to as comminution. Mills and
pulverizers are used to reduce the particle size of powders when necessary.
Milling, spray drying, supercritical fluid, high pressure homogenization, precipitation

technologies, and porous microparticle fabrication techniques may be used to reduce the
particle size of powders.
As the particle size is decreased, the number of particles and the surface area increase, which
can increase the dissolution rate and bioavailability,
and/or the rate and extent of local action,

of the API
drug substance.

Blending techniques for powders include those used in compounding pharmacy such as

spatulation and trituration (see Pharmaceutical Compounding—Nonsterile Preparations 795 ).
Blending of powders may be accomplished by different techniques.

Industrial processes may employ sifting or tumbling the powders in a rotating container. One of
the most common tumble blenders is a V-blender, which is available in a variety of scales
sizes

suitable for small-scale and large-scale compounding and industrial production. Depending on
the particle size of the drug substances
substance,

a random mixture of powders may be employed. Blending techniques for powders include those

used in compounding pharmacy such as spatulation and trituration (see 795 ). 
Powder flow can be influenced by both particle size and shape. Larger particles generally flow
more freely than do fine particles. Powder flow is an important attribute that can affect the
packaging or dispensing of a medicated

powder.
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PACKAGING AND STORAGE

Powders for pharmaceutical use can be packaged in multiple- or single-unit containers. Bulk
containers have been used for antacid powders and for laxative powders. In these instances
the patient dissolves the directed amount in water prior to administration. This type of multiple-
unit packaging is acceptable for many APIs but should not be utilized for powders that require
exact dosing. Multiple-unit powders for topical application often are packaged in a container
with a sifter top.

Potent APIs in a powder dosage form are dispensed in unit-of-use allocations in folded papers,
cellophane envelopes, or packets. Powder boxes are often used by the dispensing pharmacist
to hold multiple doses of individual folded papers. Hygroscopic powders pose special challenges
and typically are dispensed in moisture-resistant packaging.

LABELING

Typical warning statements include:

External powders must indicate: “External Use Only”.
Oral powders should indicate: “For Oral Use Only”.

Individual monographs specify the labeling requirements for powder dosage forms that are listed
in USP–NF. Oral powders for reconstitution prior to dispensing typically have a limited shelf life
(for example, two weeks), and the dispensed product should indicate a beyond-use date based
on the date of the water addition. Pharmaceutical powders that are compounded indicate a
beyond-use date. Compounded preparations typically are intended for immediate use and have
short-term storage durations.

Medicated

Soaps and Shampoos

Medicated soaps
Soaps

and shampoos are solid or liquid preparations intended for topical application to the skin or
scalp followed by subsequent rinsing with water. Soaps and shampoos are emulsions,
suspensions,

or surface-active compositions that readily form emulsions,
micelles,

or foams upon the addition of water followed by rubbing. Incorporation of APIs
drug substances

in soaps and shampoos combines the cleansing/degreasing abilities of the vehicle and facilitates
the topical application of the API
drug substance

to affected areas, even large areas, of the body. The surface-active properties of the vehicle
facilitate contact of the API
drug substance

with the skin or scalp. Medicated soap and shampoo formulations frequently contain suitable
antimicrobial agents to protect against bacteria, yeast, and mold contamination.
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PREPARATION

The preparation of medicated soaps and shampoos follows techniques frequently used for the
preparation of emulsified systems. To ensure uniformity, the API(s)
drug substance(s)

must be added to the vehicle prior to congealing (in the case of soaps) followed by thorough
mixing. If the medication is present as a suspension, the particle size must be controlled to
promote uniform distribution of the API
drug substance

and possibly optimize performance. Because soap manufacture frequently involves processing
the ingredients at an elevated temperature, care must be exercised to avoid excessive
degradation of the API
drug substance

during processing.

PACKAGING AND STORAGE

Individual monographs specify the packaging and storage requirements for medicated soaps and
shampoos in USP–NF.

LABELING AND USE

Medicated soaps and shampoos are clearly labeled to indicate “For External Use Only”. The
preparations also clearly advise the patient to discontinue use and consult a
physician/veterinarian if skin irritation or inflammation occurs or persists following application.

Solutions

A solution is a preparation that contains one or more dissolved chemical substances in a
suitable solvent or mixture of mutually miscible solvents. Because molecules of an API
a drug substance

in solution are uniformly dispersed, the use of solutions as dosage forms generally provides
assurance of uniform dosage upon administration and good accuracy when the solution is
diluted or otherwise mixed. 
Substances in solutions are more susceptible to chemical instability than they are in the solid
state and, dose-for-dose, are generally heavier and more bulky than solid dosage forms. These
factors increase the cost of packaging and shipping relative to that of solid dosage forms.
Solution dosage forms can be administered by injection, inhalation, and the mucosal,
topical/dermal, and gastrointestinal routes. Terminology for solutions in veterinary practice
includes spot-ons or pour-ons that refer to solutions that are applied to an animal's skin for
systemic absorption, dips that refer to solutions that are used for washing and disinfection
(e.g., udders, eggs, and whole animals), and drenches that include solutions that are orally
administered to livestock, usually with a dosing device. Solutions administered by injection are

officially titled injections (see Injections 1 ).

A solution administered by injection is officially titled “injection” (see 1 ).

Some solutions are designed to form a mass in situ. These solutions comprise polymer, drug
substance, and solvent for the polymer. The polymer solvent can be water or an organic
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solvent. After administration of the solution to a patient by subcutaneous or intramuscular
administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance release for days or months.

Solutions intended for oral administration usually contain flavorings and colorants to make the
medication more attractive and palatable for the patient or consumer. When needed, they also
may contain stabilizers to maintain chemical and physical stability and preservatives to prevent
microbial growth. 
Solutions are sometimes placed on devices such as swabs, cloths, or sponges, that aid

application.

In veterinary medicine, a solution that needs to be diluted prior to administration has been
called a concentrate (e.g., drug products administered via drinking water). Such use of the
term “concentrate” is no longer preferred.

STORAGE AND USE

Light-resistant containers should be considered when photolytic chemical degradation is a
potential issue. To prevent water or solvent loss, solutions are stored in tight containers.
Instructions to ensure proper dosing and administration must accompany the product.

Sprays

Spray preparations may deliver either accurately metered or nonmetered amounts of
formulation. 
By definition and in accordance with the USP drug product monographs, a spray dosage form
drug product delivers an accurately metered spray through the delivery system, i.e., device. A
spray drug product is a preparation that contains an API(s) in either solution or suspension
form, typically in presence of excipients for nasal sprays, and that is intended for administration
using a predefined metered amount of formulation as a fine mist of aqueous droplets.
A spray drug product is a dosage form that contains a drug substance in the liquid state as a

solution or suspension and is intended for administration as a mist. Sprays are distinguished
from aerosols in that spray containers are not pressurized. Most of the sprays are generated by
manually squeezing a flexible container or actuation of a pump that generates the mist by
discharging the contents through a nozzle.

Alternatively, nonmetered spray drug products can be generated by package designs that do
not accurately control the volume of formulation delivered. These preparations release the
formulation as a fine mist of droplets upon physical manipulation of the package by the patient.
This generally involves squeezing the sides of the container and expelling the formulation
through the nozzle of the container.

Depending on the design of the formulation and the valve system, the droplets generated may
be intended for immediate inhalation through the mouth and deposition in the pulmonary tree,
or for inhalation into the nose and deposition in the nasal cavity. 
The mechanism for droplet generation and the intended use of the preparation distinguish
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various classes of sprays. A spray may be composed of a pump, container, actuator, valve,
nozzle, or mouthpiece in addition to the formulation containing the drug(s), solvent(s), and any
excipient(s). The design of each component plays a role for the appropriate performance of the
drug product and in determining the critical characteristics of the droplet size distribution.
Droplet and particle size distributions, delivered dose uniformity, plume geometry, and droplet
velocity are critical parameters that influence the efficiency of drug delivery. When the
preparation is supplied as a multidose container, the addition of a suitable antimicrobial
preservative may be necessary. Spray formulations intended for nasal or pulmonary
administration
local or systemic effect typically

have an aqueous base and are usually isotonic

and may contain excipients to control pH and viscosity. Pulmonary spray preparations typically
are solutions. Nasal spray preparations may be solutions, or suspensions intended for local or
systemic effect. Nasal delivery may be used for APIs with high hepatic extraction ratios.
In addition, depending on the route of administration, the formulation may be isotonic. For

additional information, see 5  and 601 .

PACKAGING

Containers typically are made of a plastic, but metal or glass may be suitable.

The nasal spray pump is designed to allow convenient one-handed operation. The nasal spray
nozzle is designed so that it fits comfortably into the vestibule of the nasal cavity and allows
the plume to be directed toward the appropriate region of the cavity.

LABELING AND USE

Refer to CDER Guidance for Industry: Nasal Spray and Inhalation Solution, Suspension, and
Spray Drug Products—Chemistry, Manufacturing, and Controls Documentation.

Many experts recommend the addition of a statement that patients should seek advice and
instruction from a health care professional about the proper use of the device. Guidance should
be provided about the proper care and cleaning of the device to prevent introduction of
microbes into the pulmonary airways.

Strips

A strip is a dosage form or device in the shape of a long, narrow, thin, absorbant, solid material
such as filter paper. Typically it is sterile and it may be impregnated with a compound or be
gauged to allow measurements for diagnostic purposes, such as in measuring tear production.
The term “strip” should not be used when another term such as “film” is more appropriate.

Suppositories

Suppositories are dosage forms adapted for application into the rectum. They usually
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melt, soften, or dissolve at body temperature. A suppository may have a local protectant or
palliative effect, or may deliver an API
a drug substance

for systemic or local action. 
Suppository bases typically include cocoa butter, glycerinated gelatin, hydrogenated vegetable
oils, mixtures of polyethylene glycols of various molecular weights, and fatty acid esters of
polyethylene glycol. The suppository base can have a notable influence on the release of the
API(s)
drug substance(s).

Although cocoa butter melts quickly at body temperature, it is immiscible with body fluids and
this inhibits the diffusion of fat-soluble APIs
drug substances

to the affected sites. Polyethylene glycol is a suitable base for some antiseptics. In cases
when systemic action is desired, incorporating the ionized rather than the nonionized form of
the API
drug substance

may help maximize bioavailability. Although nonionized APIs
drug substances

partition more readily out of water-miscible bases such as glycerinated gelatin and polyethylene
glycol, the bases themselves tend to dissolve very slowly, which slows API
drug substance

release. Cocoa butter and its substitutes (e.g., Hard Fat) perform better than other bases for
allaying irritation in preparations intended for treating internal hemorrhoids. Suppositories for
adults are tapered at one or both ends and usually weigh about 2 g each.

PREPARATION

Cocoa butter suppositories have cocoa butter as the base and can be made by incorporating
the finely divided API
drug substance

into the solid oil at room temperature and suitably shaping the resulting mass, or by working
with the oil in the melted state and allowing the resulting suspension to cool in molds. A
suitable quantity of hardening agents may be added to counteract the tendency of some APIs
drug substances

(such as chloral hydrate and phenol) to soften the base. The finished suppository melts at
body temperature. 
A variety of vegetable oils, such as coconut or palm kernel, modified by esterification,
hydrogenation, or fractionation, are used as cocoa butter substitutes to obtain products that
display varying compositions and melting temperatures (e.g., Hydrogenated Vegetable Oil and
Hard Fat). These products can be designed to reduce rancidity while incorporating desired
characteristics such as narrow intervals between melting and solidification temperatures, and
melting ranges to accommodate formulation and climatic conditions. 
APIs
Drug substances

can be incorporated into glycerinated gelatin bases by addition of the prescribed quantities to a
vehicle consisting of about 70 parts of glycerin, 20 parts of gelatin, and 10 parts of water. 
Several combinations of polyethylene glycols that have melting temperatures that are above
body temperature are used as suppository bases. Because release from these bases depends
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on dissolution rather than on melting, there are significantly fewer problems in preparation and
storage than is the case for melting-type vehicles. However, high concentrations of higher
molecular weight polyethylene glycols may lengthen dissolution time, resulting in problems with
retention. 
Several nonionic surface-active agents closely related chemically to the polyethylene glycols
can be used as suppository vehicles. Examples include polyoxyethylene sorbitan fatty acid
esters and the polyoxyethylene stearates. These surfactants are used alone or in combination
with other suppository vehicles to yield a wide range of melting temperatures and
consistencies. A notable advantage of such vehicles is their water dispersibility. However, care
must be taken with the use of surfactants because they may either increase the rate of API
drug substance

absorption or interact with the API
drug substance

to reduce therapeutic activity. 
Compounding suppositories using a suppository base typically involves melting the suppository
base and dissolution or dispersion of the API
drug substance

in the molten base (see 795 ). When compounding suppositories, the manufacturer or

compounding professional prepares an excess amount of total formulation to allow the
prescribed quantity to be accurately dispensed. In compounding suppositories, avoid caustic or
irritating ingredients, carefully select a base that will allow the API
drug substance

to provide the intended effect, and in order to minimize abrasion of the rectal membranes,
reduce solid ingredients to the smallest reasonable particle size. representative number of the
compounded suppositories should be weighed to confirm that none is less than 90% or more
than 110% of the average weight of all units in the batch.

STORAGE AND USE

Suppositories typically are provided in unit-dose packaging with storage instructions to prevent
melting of the suppository base. Suppositories with cocoa butter base require storage in well-

closed containers, preferably at a temperature below 30  (controlled room temperature).
Glycerinated gelatin suppositories require storage in tight containers, preferably at a

temperature below 2 . Although polyethylene glycol suppositories can be stored without
refrigeration, they should be packaged in tightly closed containers.

Include instructions about insertion procedures to ensure ease of use and absorption. Labels on
polyethylene glycol suppositories should contain directions that they be moistened with water
before insertion.

Suspensions

A suspension is a biphasic preparation consisting of solid particles dispersed throughout a liquid
phase. Suspension dosage forms may be formulated for specific routes of administration such
as oral, suspensions, topical suspensions, or suspensions for aerosols (see Aerosols)
topical, inhalation, ophthalmic, otic, and injection.
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Some suspensions are prepared and ready for use, and others are prepared as solid mixtures
intended for reconstitution with an appropriate vehicle just before use. The term “milk” is
sometimes used for suspensions in aqueous vehicles intended for oral administration (e.g., Milk
of Magnesia). The term “magma” is often used to describe suspensions of inorganic solids, such
as clays in water, that display a tendency toward strong hydration and aggregation of the
solid, giving rise to gel-like consistency and thixotropic rheological behavior (e.g., Bentonite
Magma). The term “lotion” may refer to a suspension dosage form although the liquid phase in
these preparations is commonly an emulsion intended for application to the skin (e.g., Calamine
Topical Suspension; see Emulsions). Some suspensions are prepared in sterile form and are

used as injectables (see Injections 1 ). Other sterile suspensions are for ophthalmic or otic
administration. Suspensions generally are not injected intravenously, epidurally, or intrathecally
unless the product labeling clearly specifies these routes of administration. 

Inhalation suspensions (see 5 ), ophthalmic suspensions, injectable suspensions, and some
otic suspensions are prepared in sterile form. Suspensions are generally not injected
intravenously, epidurally, or intrathecally unless the product labeling clearly specifies these
routes of administration.

Some liposomal drug products are referred to as suspensions because they can settle and

require resuspension prior to administration (see 1 ). 
Some suspensions are designed to form a mass in situ. These suspensions comprise polymer,
drug substance, and solvent for the polymer. The polymer solvent can be water or an organic
solvent. After administration of the suspension to a patient by subcutaneous or intramuscular
administration, it forms a gel or a solid polymeric matrix that traps the drug substance and
extends the drug substance release for days or months. 
Historically, the term “milk” was sometimes used for suspensions in aqueous vehicles intended
for oral administration (e.g., Milk of Magnesia). The term “magma” is often used to describe
suspensions of inorganic solids, such as clays in water, that display a tendency toward strong
hydration and aggregation of the solid, giving rise to gel-like consistency and thixotropic
rheological behavior (e.g., Bentonite Magma). In the past, the term “lotion” referred to both
topical suspensions and topical emulsions. Now the term only refers to topical emulsions (see
Emulsions).

Limited aqueous solubility of the API(s)
drug substance(s)

is the most common rationale for developing a suspension. Other potential advantages of a
an oral

suspension include taste masking and improved patient compliance because of the more
convenient dosage form. When compared to solutions, suspensions
can

have improved chemical stability. Ideally, a suspension should contain small uniform particles
that are readily suspended and easily redispersed following settling. Unless the dispersed solid is
colloidal, the particulate matter in a suspension will likely settle to the bottom of the container
upon standing. Such sedimentation may lead to caking and solidification of the sediment and
difficulty in redispersing the suspension upon agitation. To prevent such problems,
manufacturers commonly add ingredients to increase viscosity and the gel state of the
suspension or flocculation, including clays, surfactants, polyols, polymers, or sugars.
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Frequently, thixotropic vehicles are used to counter particle-settling tendencies, but these
vehicles must not interfere with pouring or redispersal. Additionally, the density of the dispersed
phase and continuous phase may be modified to further control settling rate. For topical
suspensions, rapid drying upon application is desirable. 
The product is both chemically and physically stable throughout its shelf life.

Temperature can influence the viscosity (and thus suspension properties and the ease of
removing the dose from the bottle), and temperature cycling can lead to changes in the
particle size of the dispersed phase via Ostwald ripening. When manufacturers conduct stability
studies to establish product shelf life and storage conditions, they should cycle conditions
(freeze/thaw) to investigate temperature effects. 
Unless studies confirm that the formulation will not support microbial growth, suspensions
suspension preparations packaged to provide multiple doses

should contain suitable antimicrobial agents to protect against bacterial, yeast, and mold

contamination (see 51 ) or other appropriate measures should be taken to avoid microbial
contamination. 
Suspensions for reconstitution are dry powder or granular mixtures that require the addition of
water or a supplied formulated diluent before administration. This formulation approach is
frequently used when the chemical or physical stability of the API
drug substance

or suspension does not allow sufficient shelf life for a preformulated suspension. Typically,
these suspensions are refrigerated after reconstitution to increase their shelf life. For this type
of suspension, the powder blend is uniform and the powder readily disperses when
reconstituted. Taste of the reconstituted suspension is also an important attribute because
many suspensions are used for pediatric populations.

Injectable suspensions are generally intended for either subcutaneous or intramuscular routes
of administration and should have a controlled particle size, typically in the range of 5 µm or
smaller. The rationale for the development of injectable suspensions includes
may include

poor API
drug substance

solubility, improved chemical stability, prolonged duration of action, and avoidance of first-pass
metabolism. Care is needed in selecting the sterilization technique because it may affect
product stability or alter the physical properties of the material. 
In veterinary medicine, a suspension that needs to be diluted prior to administration has been

called a concentrate (e.g., drug products administered via drinking water). Such use of the
term “concentrate” is no longer preferred.

PREPARATION

Suspensions are prepared by adding suspending agents or other excipients and purified water or
oil to solid APIs
drug substances

and mixing to achieve uniformity. In the preparation of a suspension, the characteristics of
both the dispersed phase and the dispersion medium should be considered. During development,
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manufacturers should define an appropriate particle size distribution for the suspended material
to achieve the desired effectiveness and

to minimize the likelihood of particle size changes during storage. 
In some instances, the dispersed phase has an affinity for the vehicle and is readily wetted
upon its addition. For some materials, the displacement of air from the solid surface is difficult,
and the solid particles may clump together or float on top of the vehicle. In the latter case, a
wetting agent is used to facilitate displacement of air from the powder surface
may be used for certain types of suspensions to facilitate displacement of air from the powder

surface.
Surfactants, alcohol, glycerin, and other hydrophilic liquids can be used as wetting agents
when an aqueous vehicle will be used as the dispersion phase. These agents function by
displacing the air in the crevices of the particles and dispersing the particles. In the large-scale
preparation of suspensions, wetting of the dispersed phase may be aided by the use of high-
energy mixing equipment such as colloid mills or other rotor–stator mixing devices. 
After the powder has been wetted, the dispersion medium (containing the soluble formulation
components such as colorants, flavorings, and preservatives) is added in portions to the
powder, and the mixture is thoroughly blended before subsequent additions of the vehicle. A
portion of the vehicle is used to wash the mixing equipment free of suspended material, and
this portion is used to bring the suspension to final volume and ensure that the suspension
contains the desired concentration of solid matter. The final product may be passed through a
colloid mill or other blender or mixing device to ensure uniformity. When necessary,
preservatives are included in the formulation of suspensions to protect against bacterial and
mold contamination.

Suspensions are shaken
resuspended

before the dose is dispensed. Because of the viscosity of many suspension vehicles, air
entrainment may occur during dosing. The formulation process allows evaluation of this
possibility; adjustments in vehicle viscosity or the incorporation of low levels of antifoaming
agents are common approaches to minimize air entrainment. Alternatively, specific instructions
for shaken
resuspending

the formulation may be provided to minimize air incorporation and ensure accurate dosing.

PACKAGING AND STORAGE

Individual monographs specify the packaging and storage requirements for suspension products.
Typically, the monograph will indicate a container type such as tight, well-closed, or light-
resistant and may indicate storage conditions such as controlled room temperature. For
additional information about meeting packaging requirements listed in the individual monographs,

refer to Containers—Glass 660 , Containers—Plastic 661 , Containers—Performance

Testing 671 , Good Packaging Practices 1177 , and the General Notices for statements
about preservation, packaging, storage, and labeling.

Acceptable suspension of the particulate phase depends on the particle size of the dispersed
phase as well as the viscosity and density of the vehicle. Clear instruction is provided regarding
the appropriate storage temperature for the product because temperature can influence the
viscosity and density (that affect suspension properties and the ease of removal of the dose
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from the bottle), and temperature cycling can lead to changes in particle size of the dispersed
phase. Suspensions require storage in tight containers. Avoid freezing.

LABELING AND USE

Instructions to ensure proper dosing and administration must accompany the product. When
labeling a suspension, consider any air that might be entrained in the preparation as a result of
shaking, and avoid such entrainment. Compounded suspensions should indicate a beyond-use
date that is calculated from the time of compounding. Suspensions are shaken well before use
to ensure uniform distribution of the solid in the vehicles.

Systems

Systems are preparations of drug substance(s) in carrier devices, often containing adhesive
backing, that are applied topically or inserted into body cavities. The drug substance is
designed to be released in a controlled manner over a specified period of time or the drug
substance is released based on its concentration in the formulation. Unless otherwise stated in
the labeling, the carrier device is removed after use. The term “system” should not be used
when another dosage form term is more appropriate (e.g., inserts and implants). 
The notation of strength is either defined in terms of the amount of the drug substance
released from the system over a specific period of time or as the drug concentration within the
formulation (e.g., the percentage of the drug). Various routes of administration are possible, so
the route must always be indicated in the compendial name when a specific location for
application is essential for proper use (e.g., “intrauterine”,“ocular”, or “periodontal” as the route
of administration). For example, systems applied to the eye are called ocular systems. The
route is named “transdermal” when, for example, systemic absorption of the drug substance
may take place through the dermis without specifying the region of the body to which the
system is applied. 
The term “patch” has sometimes been used but is not preferred for use in drug product
monograph nomenclature when referring to a system. 
Intrauterine systems are intended for placement in the uterus. Release of the drug substance
can be up to 5 years. 
Ocular systems are intended for placement in the lower conjunctival fornix from which the drug
diffuses through a mambrane at a constant rate. 
Periodontal systems are intended for placement in the pocket between the tooth and the gum.
In some cases, periodontal systems may be formed in situ in the periodontal pocket and release
the drug substance(s) for several weeks. 
Transdermal systems (TDS) are placed onto intact skin to deliver the drug to the systemic
circulation. They are designed for prolonged release (up to 7 days). Specific quality tests for

TDSs are found in 3 .

Tablets

Tablets are solid dosage forms in which the API
drug substance

is
generally

blended with excipients and compressed into the final dosage. Tablets are the most widely used
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dosage form in the United States. Tablet presses use steel punches and dies to prepare
compacted tablets by the application of high pressures to powder blends or granulations.
Tablets can be produced in a wide variety of sizes, shapes, and surface markings. Capsule-
shaped tablets are commonly referred to as caplets,
although the term is not preferred as a dosage form name.

Specialized tablet presses may be used to produce tablets with multiple layers or with specially
formulated core tablets placed in the interior of the final dosage form. These specialized tablet
presentations can delay or extend the release of the API(s)
drug substance(s)

or physically separate incompatible APIs
drug substances.

Tablets may be coated by a variety of techniques to provide taste masking, protection of
photo-labile API(s)
drug substance(s),

extended or delayed release, or unique appearance (colors). When no deliberate effort has
been made to modify the API
drug substance

release rate, tablets are referred to as immediate-release.

Buccal tablets: Intended to be inserted in the buccal pouch, where the drug substance is
absorbed directly through the oral mucosa. Few drug substances are readily absorbed in this
way (examples are nitroglycerin and certain steroid hormones).

Chewable tablets: Formulated and manufactured to produce a pleasant-tasting residue in the
mouth and to facilitate swallowing. Hard chewable tablets are typically prepared by
compaction, usually utilizing mannitol, sorbitol, or sucrose as binders and fillers, and contain
colors and flavors to enhance their appearance and taste. Soft chewable tablets are typically
made by a molding or extrusion process, frequently with more than 10% water to help maintain
a pliable, soft product. Hard chewable tablets in veterinary medicine often have flavor
enhancers like brewer's yeast or meat/fish-based flavors. 
Tablets for human use that include “Chewable” in the title must be chewed or crushed prior to
swallowing to ensure reliable release of the drug substance(s) or to facilitate swallowing. If
tablets are designed so that they may be chewed (but chewing is not required for drug
substance release or ease of swallowing), the title should not include a reference to
“chewable”. In that case, the product may still be described as “chewable” in the ancillary
labeling statement. 
Tablets for veterinary use that are intended to be chewed will include “Chewable” in the title.
However, it is understood that for veterinary products it is not possible to ensure that tablets
are chewed prior to ingestion. Chewable tablets may be broken into pieces and fed to animals
that normally swallow treats whole.

Effervescent tablets: Prepared by compaction and contain, in addition to the drug
substance(s), mixtures of acids (e.g., citric acid or tartaric acid) and carbonates, and/or
sodium bicarbonate. Upon contact with water, these formulations release carbon dioxide,
producing the characteristic effervescent action.

Hypodermic tablets: Molded tablets made from completely and readily water-soluble
ingredients; formerly intended for use in making preparations for hypodermic injection. They
may be administered orally or sublingually when rapid drug substance availability is required.
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Modified-release tablets: There are two categories of modified-release tablet formulations
recognized by the Pharmacopeia:

Delayed-release tablets—Tablets are sometimes formulated with acid-resistant or enteric (also
called gastro-resistant) coatings to protect acid-labile drug sustances from the gastric
environment or to prevent adverse events such as irritation.

Extended-release tablets—Extended-release tablets are formulated in such a manner as to
make the drug substance available over an extended period of time following ingestion.
Expressions such as “prolonged-release”, “repeat-action”, “controlled-release”, and “sustained-
release” have also been used to describe such dosage forms. However, the term “extended-

release” is used for Pharmacopeial purposes. Requirements for dissolution (see 711 ) are
typically specified in the individual monographs.

Orally disintegrating tablets: Orally disintegrating tablets are intended to disintegrate rapidly
within the mouth to provide a dispersion before the patient swallows the resulting slurry where
the drug substance is intended for gastrointestinal delivery and/or absorption. Some of these
dosage forms have been formulated to facilitate rapid disintegration and are manufactured by
conventional means or by using lyophilization or molding processes. Further details may be
found in the CDER Guidance for Industry: Orally Disintegrating Tablets.

Sublingual tablets: Sublingual tablets are intended to be inserted beneath the tongue, where
the drug substance is absorbed directly through the oral mucosa. As with Buccal tablets, few
drug substances are extensively absorbed in this way, and much of the drug substance is
swallowed and is available for gastrointestinal absorption.

Tablets for oral solution: Before administration, tablets for oral solution are intended to be
solubilized in a liquid diluent. In some cases, tablets for oral solution may also be chewed or
swallowed.

Tablets for oral suspension: Tablets for oral suspension are intended to be dispersed in a
liquid before administration as a suspension. The dosage form is tablets for oral suspension
when either the drug substance or the excipients do not dissolve when dispersed in a liquid. In
some cases, tablets for oral suspension may also be chewed or swallowed.

Tablet triturates: Small, usually cylindrical, molded or compacted tablets. Tablet triturates
traditionally were used as dispensing tablets in order to provide a convenient, measured
quantity of a potent API
drug substance

for compounding purposes, but they are rarely used today.

Hypodermic Tablets—Molded tablets made from completely and readily water-soluble
ingredients; formerly intended for use in making preparations for hypodermic injection. They
may be administered orally or sublingually when rapid API availability is required, as in the case
of Nitroglycerin Sublingual Tablets.

Bolus Tablets—Large, usually elongated, tablets intended for administration to large animals.
Conventional tableting processes can be used to manufacture bolus tablets, but due to their
size higher compression forces may be necessary.

Buccal Tablets—Intended to be inserted in the buccal pouch, where the API is absorbed
directly through the oral mucosa. Few APIs are readily absorbed in this way (examples are
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nitroglycerin and certain steroid hormones).

Effervescent Tablets—Prepared by compaction and contain, in addition to the API(s),
mixtures of acids (e.g., citric acid or tartaric acid) and carbonates and/or hydrogen
carbonates. Upon contact with water, these formulations release carbon dioxide, producing the
characteristic effervescent action.

Chewable Tablets—Formulated and manufactured to produce a pleasant-tasting residue in the
mouth and to facilitate swallowing. Hard chewable tablets are typically prepared by
compaction, usually utilizing mannitol, sorbitol, or sucrose as binders and fillers, and contain
colors and flavors to enhance their appearance and taste. Soft chewable tablets are typically
made by a molding or extrusion process, frequently with more than 10% water to help maintain
a pliable, soft product. Hard chewable tablets in veterinary medicine often have flavor
enhancers like brewer’s yeast or meat/fish-based flavors.

Tablets for human use that include “Chewable” in the title must be chewed or crushed prior to
swallowing to ensure reliable release of the API(s) or to facilitate swallowing. If tablets are
designed so that they may be chewed (but chewing is not required for API release or ease of
swallowing), the title should not include a reference to “chewable”. In that case, the product
may still be described as “chewable” in the ancillary labeling statement.

Tablets for veterinary use that are intended to be chewed will include “Chewable” in the title.
However, it is understood that for veterinary products it is not possible to ensure that tablets
are chewed prior to ingestion. Chewable tablets may be broken into pieces and fed to animals
that normally swallow treats whole.

Modified-Release Tablets—There are two categories of modified-release tablet formulations
recognized by the Pharmacopeia:

Delayed-Release Tablets—Tablets sometimes are formulated with enteric coatings to protect
acid-labile APIs from the gastric environment or to prevent adverse events such as irritation.

Extended-Release Tablets—Extended-release tablets are formulated in such a manner as to
make the API available over an extended period of time following ingestion. Expressions such as
“prolonged-release”, “repeat-action”, “controlled-release”, and “sustained-release” have also
been used to describe such dosage forms. However, the term “extended-release” is used for

Pharmacopeial purposes. Requirements for dissolution (see Dissolution 711 ) typically are
specified in the individual monographs.

Orally Disintegrating Tablets—Orally disintegrating tablets are intended to disintegrate rapidly
within the mouth to provide a fine dispersion before the patient swallows the resulting
suspension where the API is intended for gastrointestinal delivery and/or absorption. Some of
these dosage forms have been formulated to facilitate rapid disintegration and are
manufactured by conventional means or by using lyophilization or molding processes. Further
details may be found in the CDER Guidance for Industry: Orally Disintegrating Tablets.

Sublingual Tablets—Sublingual tablets are intended to be inserted beneath the tongue, where
the API is absorbed directly through the oral mucosa. As with buccal tablets, few APIs are
extensively absorbed in this way, and much of the API is swallowed and is available for
gastrointestinal absorption.
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PREPARATION

Most compacted (compressed) tablets consist of the API(s)
drug substance(s)

and a number of excipients. These excipients may include fillers (diluents), binders,
disintegrating agents, lubricants, and glidants. Approved FD&C and D&C dyes or lakes, flavors,
and sweetening agents may also be present. 
Fillers or diluents are added when the quantity of API(s)
drug substance(s)

is too small or the properties of the API
drug substance

do not allow satisfactory compaction in the absence of other ingredients. Binders impart
adhesiveness to the powder blend and promote tablet formation and maintenance of API
drug substance

uniformity in the tableting mixture. Disintegrating agents facilitate reduction of the tablet into
small particles upon contact with water or biological fluids. Lubricants reduce friction during the
compaction and ejection cycles. Glidants improve powder fluidity, powder handling properties,
and tablet weight control. Colorants are often added to tablet formulations for aesthetic value
or for product identification. 
Tablets are prepared from formulations that have been processed by one of three general
methods: wet granulation, dry granulation (roll compaction or slugging), and direct
compression.

Wet granulation: Involves the mixing of dry powders with a granulating liquid to form a moist
granular mass that is dried and sized prior to compression. It is particularly useful in achieving
uniform blends of low-dose APIs
drug substances

and facilitating the wetting and dissolution of poorly soluble, hydrophobic APIs
drug substances.

Dry granulations: Can be produced by passing powders between rollers at elevated pressure
(roll compaction). Alternatively, dry granulation can also be carried out by the compaction of
powders at high pressures on tablet presses, a process also known as slugging. In either case,
the compacts are sized before compression. Dry granulation improves the flow and handling
properties of the powder formulation without involving moisture in the processing.

Direct compression: Tablet processing involves dry blending of the API(s)
drug substance(s)

and excipients followed by compression. The simplest manufacturing technique, direct
compression is acceptable only when the API
drug substance

and excipients possess acceptable flow and compression properties without prior process steps.

Tablets may be coated to protect the ingredients from air, moisture, or light; to mask
unpleasant tastes and odors; to improve tablet appearance; and to reduce dustiness. In
addition, coating may be used to protect the API
drug substance

from acidic pH values associated with gastric fluids or to control the rate of drug release in the
gastrointestinal tract. 
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The most common coating in use today is a thin film coating composed of a polymer that is
derived from cellulose. Sugar coating is an alternative, less common approach. Sugar-coated
tablets have considerably thicker coatings that are primarily sucrose with a number of inorganic
diluents. A variety of film-coating polymers are available and enable the development of
specialized release profiles. These formulations are used to protect acid-labile APIs
drug substances

from the acidic stomach environment as well as to prolong the release of the API
drug substance

to reduce dosing frequency (see 711  or 701 ).

PACKAGING, STORAGE, AND LABELING

Individual monographs specify the packaging and storage requirements for tablet products.
Typically, the monograph will indicate the container type such as tight, well-closed, or light-
resistant. For additional information on meeting USP packaging requirements, see Containers—

Glass 660 , Containers—Plastic 661 , and Containers—Performance Testing 671 .
Effervescent tablets are stored in tightly closed containers or moisture-proof packs and are
labeled to indicate that they should not be swallowed directly.

Tapes

A tape is a dosage form suitable for delivering APIs
drug substances

to the skin. It consists of an API(s)
a drug substance(s)

impregnated into a durable yet flexible woven fabric or extruded synthetic material that is
coated with an adhesive agent. Typically the impregnated API
drug substance

is present in the dry state. The adhesive layer is designed to hold the tape securely in place
without the aid of additional bandaging. Unlike transdermal patches
systems,

tapes are not designed to control the release rate of the API
drug substance. The term “tape” is not preferred and should not be used for new drug

product titles.

The API
drug substance

content of tapes is expressed as amount per surface area with respect to the tape surface
exposed to the skin. The use of an occlusive dressing with the tape enhances the rate and
extent of delivery of the API
drug substance

to deeper layers of the skin and may result in greater systemic absorption of the API
drug substance.

LABELING, STORAGE, AND USE

Label to indicate “External Use Only”. Tapes are stored in tight containers protected from light
and moisture. To employ the tape, one cuts a patch slightly larger than the area that will be
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treated. The backing paper is removed from the adhesive side, and the tape is applied to the
skin. To ensure optimal adhesion, the tape should not be applied to folds in the skin. To
minimize systemic absorption and to ensure good adhesion, tapes should be applied to dry skin.

Change to read:

GLOSSARY

This glossary provides definitions for terms in use in medicine and serves as a source of official
names for official articles, except when the definition specifically states that the term is not to
be used in article names
drug product titles.

Examples of general nomenclature forms for the more frequently encountered categories of

dosage forms appear in 1121 . In an attempt to be comprehensive, this glossary was
compiled without the limits imposed by current preferred nomenclature conventions. To clearly
identify/distinguish preferred from not preferred terms, entries indicate when a term is not
preferred and
generally

direct the user to the current preferred term. When a term is described as an attribute of a
dosage form
or preparation,

it is intended to distinguish the term from those used for actual dosage form titles. While
attribute terms are typically not used as the official name for the dosage form, when they are
used they identify a specialized presentation
or characteristic

of the dosage form. For example, the attribute “chewable” may be used with the dosage form
term “tablets” to identify a specific type of tablet that must be chewed prior to swallowing.

Aerosol: A dosage form consisting of a liquid or solid preparation packaged under pressure
and intended for administration as a fine mist. The descriptive term “aerosol” also refers to
the fine mist of small droplets or solid particles that are emitted from the product. 
Aromatic water (not preferred; see Solution): A clear, saturated, aqueous solution of volatile
oils or other aromatic or volatile substances. 
Aural (Auricular) (not preferred; see Otic): For administration into, or by way of, the ear. 
Bead (not preferred; see Pellets): A solid dosage form in the shape of a small sphere. In most
products a unit dose consists of multiple beads. 
Blocks: A large veterinary product intended to be licked by animals and containing the API(s)
and nutrients such as salts, vitamins, and minerals.

Bolus (not preferred; see Tablet): A large tablet intended for administration to large animals.
Occasionally, the term “bolus” is used to describe a method of administration. 

Buccal: Administration directed toward the cheek, generally from within the mouth.

Caplet (not preferred; see Tablet): Tablet dosage form in the shape of a capsule. 
Capsule: A solid dosage form in which the API
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drug substance,
with or without other ingredients, is filled into either a hard or soft shell
or coated on the capsule shell.

Most capsule shells are composed mainly of gelatin. 
Chewable: Attribute of a solid dosage form that is intended to be chewed or crushed before
swallowing. 
Coated: Attribute of a solid dosage form that is covered by deposition of an outer solid that
is different in composition from the core material. 

Coating: Attribute (coated) of a solid dosage form that involves covering with an outer
solid. The outer deposit is referred to as a coating or film. The term is used as an attribute
when applied to solid oral dosage forms. Coatings are applied for functional or aesthetic
purposes such as taste masking, stability, modifying release characteristics, product
identification, and appearance.

Collodion (not preferred; see Solution): A preparation that is a solution dosage form
composed of pyroxilin dissolved in a solvent mixture of alcohol and ether, and applied
externally. 
Collodial

Colloidal
dispersion: An attribute of a preparation or formulation in which particles of colloidal
dimension (i.e., typically between 1 nm and 1 µm) are distributed uniformly throughout a
liquid. 
Concentrate: A liquid or solid preparation of higher concentration and smaller volume than
the final dosage form; usually intended to be diluted prior to administration. The term
continues to be used for veterinary preparations but is being phased out of USP–NF titles for
human applications. 

Concentrate (not a preferred term for human or veterinary drug products): The current use
is for drug substances that are not intended for direct adminstration to humans or animals.

The use in drug product nomenclature is being phased out (see 1121  and Nomenclature
Guidelines4).

Conventional-release (not preferred; see Immediate-release): Descriptive term for a
dosage form in which no deliberate effort has been made to modify the release rate of the API
drug substance.

In the case of capsules and tablets, the inclusion or exclusion of a disintegrating agent is not
interpreted as a modification. This term is not used in article names
drug product titles. 

Cough drop (not preferred; see Lozenge)

Cream: An
A semi-solid

emulsion dosage form often containing more than 20% water and volatiles, and/or containing
less than 50% hydrocarbons, waxes, or polyols as the vehicle for the API
drug substance.

Creams are generally intended for external application to the skin or mucous membranes. 
Delayed-release: A type of modified-release dosage form. A descriptive term for a dosage
form deliberately modified to delay release of the API
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drug substance
for some period of time after initial administration. For example, release of the API
drug substance

is prevented in the gastric environment but promoted in the intestinal environment; this term
is synonymous with Enteric-coated or Gastro-resistant. 
Dental: Descriptive term for a preparation that is applied to the teeth for localized action. 
Dermal: A topical route of administration where the article
drug product

is intended to reach or be applied to the dermis. 
Dip (not preferred; see Immersion) 

Dispersible tablets (not preferred; see Tablets, Tablets for oral suspension, or Tablets for
oral solution) 
Disintegrating tablets (not preferred; see Tablets, Tablets for oral suspension, or Tablets
for oral solution): See also Orally disintegrating

Dosage form: A formulation that typically contains the API(s) and excipients in quantities
and physical form designed to allow the accurate and efficient administration of the to the
human or animal patient. This term is not used in article names.
A combination of drug substance(s) and/or excipient(s) in quantities and physical form

designed to allow the accurate and efficient administration of the drug substance to the
human or animal patient. The term is not used in drug product titles.

Dry powder inhaler: A device used to administer an inhalation powder in a finely divided
state suitable for oral inhalation by the patient. This term is not used in article names
drug product titles.

Effervescent: Attribute of an oral dosage form, frequently tablets or granules, containing
ingredients that, when in contact with water, rapidly release carbon dioxide. The dosage form
is dissolved or dispersed in water to initiate the effervescence prior to ingestion. 
Elixir (not preferred; see Solution): A preparation that typically is a clear, flavored,
sweetened hydroalcoholic solution intended for oral use. The term should not be used for new
articles
drug products

in USP–NF but is commonly encountered in compounding pharmacy practice. 
Emollient: Attribute of a cream or ointment indicating an increase in the moisture content of
the skin following application of bland, fatty, or oleaginous substances. This term should not
be used in article names
drug product titles.

Emulsion: A dosage form consisting of a two-phase system composed of at least two
immiscible liquids, one of which is dispersed as droplets (internal or dispersed phase) within
the other liquid (external or continuous phase), generally stabilized with one or more
emulsifying agents. Emulsion is not used as a dosage form term if a more specific term is
applicable (e.g., Cream, Lotion, or Ointment). 
Enteric-coated (not preferred; see Delayed-release): Descriptive term for a solid dosage
form in which a polymer coating has been applied to prevent the release of the API
drug substance

in the gastric environment. 
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Excipient: An ingredient of a dosage form other than an API
a drug substance.

This term is not used in article names
drug product titles.

The term “excipient” is synonymous with inactive ingredient. 
Extended-release: Descriptive term for a dosage form that is deliberately modified to
protract the release rate of the API
drug substance

compared to that observed for an immediate-release dosage form. The term is synonymous
with prolonged- or sustained-release. Many extended-release dosage forms have a pattern of
release that begins with a “burst effect” that mimics an immediate release followed by a
slower release of the remaining API
drug substance

in the dosage form. 
Film: A term used to describe a thin , flexible

sheet of material, usually composed of a polymer. Films are used in various routes of
administration including as a means of oral administration of material in a rapidly dissolving
form. The term, film, also may be used as an attribute when applied to solid oral dosage forms
for taste masking, product identification, and aesthetic purposes.

Foam: An emulsion dosage form containing dispersed gas bubbles. When dispensed it has a
fluffy, semisolid consistency.
A dosage form containing gas bubbles dispersed in a liquid. Medicated foams have a semisolid

consistency and can be formulated to quickly break down into a liquid or to remain as foam to
ensure prolonged contact.

Gas: One of the states of matter having no definite shape or volume and occupying the entire
container when confined. 
Gastro-resistant (not preferred; see Delayed-release): Descriptive term for a solid dosage
form in which a polymer coating has been applied to prevent the release in the gastric
environment. 
Gel: A dosage form that is a semisolid dispersion of small inorganic

particles or a solution of large organic molecules
molecules interpenetrated by a solution

containing a gelling agent to provide stiffness. A gel may contain suspended particles.

Granules: A dosage form composed of dry aggregates of powder particles that may contain
one or more APIs
drug substances,

with or without other ingredients. They may be swallowed as such, dispersed in food, or
dissolved in water. Granules are frequently compacted into tablets or filled into capsules, with
or without additional ingredients.
More commonly, granules are reconstituted as suspensions.
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Gum: A dosage form in which the base consists of a pliable material that, when chewed,
releases the API
drug substance

into the oral cavity. 
Hard-shell capsule (not preferred; see Capsules): A type of capsule in which one or more
APIs
drug substances,

with or without other ingredients, are filled into a two-piece shell. Most hard-shell capsules
are composed mainly of gelatin and are fabricated prior to the filling operation. 
Immediate-release: Descriptive term for a dosage form in which no deliberate effort has
been made to modify the API
drug substance

release rate. In the case of capsules and tablets, the inclusion or exclusion of a disintegrating
agent is not interpreted as a modification. This term is not used in article
drug product

names. 
Immersion: A veterinary route of administration via partial or complete submersion in a

specified environment such as liquid or air.

Implant: A dosage form that is a solid or semisolid material containing the API
drug substance

that is inserted into the body. The insertion process is invasive, and the material is intended
to reside at the site for a period consistent with the design release kinetics or profile of the
API(s)
drug substance(s).

Inhalation (by inhalation): A route of administration for aerosols characterized by dispersion
of the API
drug substance

into the airways during inspiration. 
By Injection

Injection (by injection):
A route of administration of a liquid or semisolid deposited into a body cavity, fluid, or tissue
by use of a needle. 

Injection: Liquid preparations that may contain drug substances and/or excipients or
solutions thereof. The term “for injection” indicates dry solids that, upon the addition of a
suitable vehicle, yield solutions conforming in all respects to the requirements for Injections. 
Injectable emulsion: Liquid preparations of drug substances dissolved or dispersed in a
suitable emulsion medium. 
Injectable suspension: Liquid preparations of solids suspended in a liquid medium. The term
“for injectable suspension” indicates dry solids that, upon the addition of a suitable vehicle,
yield preparations conforming in all respects to the requirements for Injectable Suspensions. 
Extended-release injectable suspension: Liquid preparations of solids suspended in a
suitable vehicle and formulated to allow the drug substance to be available over an extended
period of time. The term “for extended-release injectable suspension” indicates dry solids
that, upon the addition of a suitable vehicle, yield a preparation that conforms in all respects
to the requirements for Extended-release injectable suspensions.
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Insert: A solid dosage form that is inserted into a naturally occurring (nonsurgical) body
cavity other than the mouth or rectum. It should be noted that a suppository is intended for
application into the rectum and is not classified as an insert (see Suppository). 
Intraocular: A route of administration to deliver a sterile preparation within the eye. 
Irrigation: A sterile solution or liquid intended to bathe or flush open wounds or body
cavities. 
Jelly (not preferred; see Gel): A semisolid dispersion of small inorganic

particles or a solution of large organic molecules containing
interpenetrated by a solution containing

a gelling agent to promote stiffness. 
Liposomes: Attribute for preparations of amphiphilic lipids that have low water solubility

(see 1 ).

Liquid: A dosage form consisting of a pure chemical in its liquid state. This dosage form term
should not be applied to solutions. The term is not used in article names
drug product titles.

When liquid is used as a descriptive term, it indicates a material that is pourable and conforms
to its container at room temperature. 
Lotion: An emulsion liquid dosage form applied to the outer surface of the body. Historically,
this term has also been applied to suspensions and solutions
was applied to topical suspensions and topical emulsions. The currrent definition of a lotion is

restricted to an emulsion.

Lozenge: A solid dosage form intended to disintegrate or dissolve slowly in the mouth. 
Modified-release: A descriptive term for a dosage form with a API
drug substance

release pattern that has been deliberately changed from that observed for the immediate-
release dosage form of the same API. This term is not used in article names
drug substance. The two types of modified-release are extended-release and delayed-

release. The term “modified-release” is not used in drug product titles.

Molded tablet: A tablet that has been formed by dampening the ingredients and pressing into
a mold, then removing and drying the resulting solid mass. This term is not used in article
names
drug product titles.

Mouthwash (not preferred; see Solution
Rinse

): Term applied to a solution preparation used to rinse the oral cavity. 
Nasal: Route of administration (mucosal) characterized by deposition in the nasal cavity
administration to the nose or by way of the nose

for local or systemic effect. 
Ocular (not preferred; see Intraocular): Route of administration indicating deposition of the
API
drug substance

within the eye. 
Ointment: A semisolid dosage form, usually containing less than 20% water and volatiles and
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more than 50% hydrocarbons, waxes, or polyols as the vehicle. This dosage form generally is
for external application to the skin or mucous membranes. 
Ophthalmic: A route of administration characterized by application of a sterile preparation to
the external parts of the eye. 

Oral: Route of administration characterized by application to the mouth or delivery to the
gastrointestinal tract through the mouth.

Orally disintegrating: A descriptive term for a solid oral dosage form that disintegrates
rapidly in the mouth prior to swallowing. The API
drug substance

is intended for gastrointestinal delivery and/or absorption. See also CDER Guidance for
Industry, Orally Disintegrating Tablets. 

Orodispersible: (not preferred; see Orally disintegrating)

Oro-pharyngeal: A route of administration characterized by deposition of a preparation into
the oral cavity and/or pharyngeal region to exert a local or systemic effect. 
Otic: A route of administration (mucosal)

characterized by deposition of a preparation into, or by way of, the ear. Sometimes referred
to as Aural (Aural not preferred). 

Parenteral: General route of administration which is characterized by injection through the
skin or other external boundary tissue or implantation within the body. Specific parenteral
routes include intravenous, intraventricular, intra-arterial, intra-articular, subcutaneous,

intramuscular, intrathecal, intracisternal, and intraocular (see 1 ).

Paste: A semisolid dosage form containing a high percentage (e.g.,

20%–50%) of finely dispersed solids with a stiff consistency. This dosage form is intended for
application to the skin, oral cavity, or mucous membranes. 

Pastille (not preferred; see Lozenge)

Patch (not preferred;
see System

): Frequently
incorrectly

used to describe a Transdermal

System. 
Pellet: A small solid dosage form of uniform, often spherical, shape
intended for direct administration as a pellet.

Spherical pellets are sometimes referred to as Beads. Pellets intended as implants must be
sterile.
The use of the term “pellet” for implantable dosage forms is no longer preferred (see

Implants).

Periodontal: Descriptive term for a preparation that is applied around a tooth for localized
action. 
Pill (not preferred but frequently incorrectly used to describe a Tablet): A solid spherical
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pharmaceutical dosage form, usually prepared by a wet massing technique. This term is not
used in article names. 

Pill: A solid, spherical dosage form usually prepared by a wet massing, piping, and molding
technique. This term is frequently incorrectly used as a general term to describe solid oral
dosage forms such as tablets or capsules.

Plaster
(not preferred):

A dosage form containing a semisolid composition supplied on a support material for external
application. Plasters are applied for prolonged periods of time to provide protection, support,
or occlusion (for macerating action). 
Powder: A dosage form composed of a solid or mixture of solids reduced to a finely divided
state and intended for internal or external use. 
Powder, inhalation: A powder containing a API
drug substance

for oral inhalation. The powder is used with a device that aerosolizes and delivers an
accurately metered amount. 

Premix (not preferred; see Type A Medicated Articles and Type B Medicated Articles in

Animal Drugs for Use in Animal Feeds 1152 )

Prolonged-release (not preferred; see Extended-release) 
Rectal: A route of administration (mucosal)

characterized by deposition into the rectum to provide local or systemic effect. 
Rinse (see Solution): A liquid preparation used to cleanse by flushing. A rinse is used to

swish in the mouth and then expectorated. The non-preferred term “mouthwash” has
sometimes been used for rinse.

Semisolid: Attribute of a material characterized by a reduced ability to flow or conform to its
container at room temperature. A semisolid does not flow at low shear stress and generally
exhibits plastic flow behavior. This term is not used in article names.
that exhibits plastic flow behavior. A semisolid material is not pourable, does not readily

conform to its container at room temperature, and does not flow at low shear stress. This
term is not used in drug product titles.

Shampoo: A solution,
emulsion,

or suspension dosage form used to clean the hair and scalp. May contain a API
drug substance

intended for topical application to the scalp. 
Soap: The alkali salt(s) of a fatty acid or mixture of fatty acids used to cleanse the skin.
Soaps used as dosage forms may contain an API
a drug substance

intended for topical application to the skin. Soaps have also been used as liniments and
enemas. 
Soft gel capsule (not preferred; see Capsule): A specific capsule type characterized by
increased levels of plasticizers producing a more pliable and thicker-walled material than hard
gelatin capsules. Soft gel capsules are further distinguished because they are single-piece
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sealed dosages. Frequently used for delivering liquid compositions. 
Soluble tablets (not preferred; see Tablets and Tablets for oral solution)

Solution: A clear, homogeneous liquid dosage form that contains one or more chemical
substances dissolved in a solvent or mixture of mutually miscible solvents. 
Spirit (not preferred; see Solution): A liquid dosage form composed of an alcoholic or
hydroalcoholic solution of volatile substances. 

Spot on (pour on): A method of delivering liquid veterinary drug products by administering
them onto the animal's skin, usually between the shoulder blades (spot on) or down the back
(pour on).

Spray: Attribute that describes the generation of droplets of a liquid or a solution to facilitate
application to the intended area.
A spray is a dosage form that contains drug substance(s) in the liquid state, either as a

solution or as a suspension, and is intended for administration as a mist. Sprays are
distinguished from aerosols in that spray containers are not pressurized. Most of the sprays
are generated by manually squeezing a flexible container or actuation of a pump that
generates the mist by discharging the contents through a nozzle. 
As an attribute, spray describes the generation of droplets of a liquid or solution to facilitate
application to the intended area.

Stent, drug-eluting: A specialized form of implant used for extended local delivery of the API
drug substance

to the immediate location of stent placement. 
Strip (not preferred; see Tape)
(only used for diagnostic products, otherwise not preferred; see Film):

A dosage form or device in the shape of a long, narrow, thin, solid material
absorbent, solid material such as filter paper.

Sublingual: A route of administration (mucosal)

characterized by placement underneath the tongue and for release of the API
drug substance

for absorption in that region. 
Suppository: A solid dosage form in which one or more APIs
drug substances

are dispersed in a suitable base and molded or otherwise formed into a suitable shape for
insertion into the rectum to provide local or systemic effect. 
Suspension: A liquid dosage form that consists of solid particles dispersed throughout a liquid
phase. 
Syrup (not preferred; see Solution): A solution containing high concentrations of sucrose or
other sugars. This term is commonly used in compounding pharmacy. 

System: A preparation of drug subtance(s) in a carrier device that is applied topically or
inserted into a body cavity. The drug substance is designed to be released in a controlled
manner over a specified period of time or the drug substance is released based on its
concentration in the formulation. Unless otherwise stated in the labeling, the carrier device is
removed after use.
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Tablet: A solid dosage form prepared from powders or granules by compaction. 
Tablets for oral solution: Tablets that are intended to be dispersed in a liquid before

administration. When dispersed in the liquid, a solution results. 
Tablets for oral suspension: Tablets that are intended to be dispersed in a liquid before
administration. When dispersed in the liquid, a suspension results.

Tape, Medicated: A dosage form or device composed of a woven fabric or synthetic material
onto which an API is placed, usually with an adhesive on one or both sides to facilitate topical
application. 

Tape (not preferred): A dosage form or device composed of a woven fabric or synthetic
material onto which a drug substance is placed, usually with an adhesive on one or both sides
to facilitate topical application. The rate of release of the drug substance is not controlled.

Tincture (not preferred; see Solution): An alcoholic or hydroalcoholic solution prepared from
vegetable materials or from chemical substances. 
Topical: A route of administration characterized by application to the outer surface of the
body. 
Transdermal System: Dosage forms designed to deliver the API(s) through the skin into the
systemic circulation. Transdermal systems are typically composed of an outer covering
(barrier), a drug reservoir (that may incorporate a rate-controlling membrane), a contact
adhesive to affix the transdermal system to the administration site, and a protective layer
that is removed immediately prior to application of the transdermal system. 

Transdermal: A route of administration through the dermal layer of the skin to the systemic
circulation.

Troche (not preferred; see Lozenge): A solid dosage form intended to disintegrate or dissolve
slowly in the mouth and usually prepared by compaction in a manner similar to that used for
tablets. 
Urethral: A route of administration (mucosal)

characterized by deposition into the urethra. 
Vaginal: A route of administration (mucosal)

characterized by deposition into the vagina. 
Vehicle: A term commonly encountered in compounding pharmacy that refers to a component
for internal or external use that is used as a carrier or diluent in which liquids, semisolids, or
solids are dissolved or suspended. Examples include water, syrups, elixirs, oleaginous liquids,
solid and semisolid carriers, and proprietary products (see Excipient). This term is not used in
article names
drug product titles.

Veterinary: Descriptive term for dosage forms intended for nonhuman use.

1  In the United States, a drug with a name recognized in USP–NF must comply with compendial identity
standards or be deemed adulterated, misbranded, or both. To avoid being deemed adulterated, such drugs
must also comply with compendial standards for strength, quality, or purity, unless labeled to show all respects
in which the drug differs. See the Federal Food, Drug, and Cosmetic Act (FDCA), Sections 501(b) and 502(e)(3)
(b), and Food and Drug Administration (FDA) regulations at 21 CFR 299.5. In addition, to avoid being deemed
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misbranded, drugs recognized in USP–NF must also comply with compendial standards for packaging and
labeling, FDCA Section 502(g). “Quality” is used herein as suitable shorthand for all such compendial
requirements. This approach is also consistent with U.S. and FDA participation in the International Conference
on Harmonization (ICH). The ICH guideline on specifications, Q6A, notes that “specifications are chosen to
confirm the quality of the drug substance and drug product…” and defines “quality” as “The suitability of either
a drug substance or drug product for its intended use. This term includes such attributes as identity, strength,
and purity.”

2  Marshall K, Foster TS, Carlin HS, & Williams RL. Development of a compendial taxonomy and glossary for
pharmaceutical dosage forms. Pharm Forum. 2003;29(5):1742–1752.

3  In 1960 Congress enacted the Color Additive Amendments, requiring the FDA to regulate dyes, pigments, or
other coloring agents in foods, drugs, and cosmetics separately from food additives. Under the law, color
additives are deemed unsafe unless they are used in compliance with FDA regulations. The law provides a
framework for the listing and certification of color additives. See FDCA section 721; see FDA regulations at 21
CFR Part 70. Colors must also be listed in pertinent FDA regulations for specific uses; the list of color additives
for drugs that are exempt from certification is published at 21 CFR Part 73, Subpart B. FDA also conducts a
certification program for batches of color additives that are required to be certified before sale; see 21 CFR
Part 74 (Subpart B re: drugs). Regulations regarding certification procedures, general specifications, and the
listing of certified provisionally listed colors are at 21 CFR Part 80. FDA maintains a color additives website with
links to various legal and regulatory resources at: http://www.fda.gov; search by document title.

4
 Nomenclature Guidelines, http://www.usp.org/sites/default/files/usp_pdf/EN/USPNF/2012-11-
07_nom_guidelines.pdf

BRIEFING

1168  Compounding for Investigational Studies. The Compounding Expert Committee
proposes this new general information chapter to guide compounding practitioners in the
extemporaneous compounding of drugs used in investigational studies. Compounding for
investigational drug studies should also comply with appropriate USP–NF general chapters
pertaining to compounding.

(GMP: R. Schnatz.)
Correspondence Number— C127668

Comment deadline: November 30, 2013

Add the following:

1168  COMPOUNDING FOR INVESTIGATIONAL STUDIES

I. INTRODUCTION

[Note—Pharmacies involved in compounding for investigational drug studies should be in
compliance with all the appropriate USP general chapters and USP–NF standards pertaining to
compounding. For the purpose of this chapter, the terms study or studies are used for all
investigational studies or trials. This chapter provides additional insight and standards to be
followed in compounding for investigational preclinical and Phase 1 studies or trials.] 
The purpose of this chapter is to guide pharmacists in the extemporaneous compounding of
drugs that are used in investigational studies.

A. Background

2S (USP37)
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Extemporaneous compounding is a valuable part of pharmacy practice and has been a valuable
tool in the development of dosage forms needed for:

1. instances when only a small number of doses is needed to support small patient
populations or small investigational drug studies,

2. specialized doses and dosing regimens,
3. age-appropriate dosage forms that are not commercially available,
4. development of new chemical entities because little is known about their behavior in

animals and humans,
5. investigational uses of current drugs, and
6. challenges created by shortages of drug products.

Virtually all known dosage forms may be used in investigational studies (see Pharmaceutical

Dosage Forms 1151 ). The formulation should be as simple as is reasonable and should
exclude any ingredient (excipient) that may negatively affect the patient's response to the
drug. 
Investigational drug studies for animals and humans can provide a critical understanding of a
medication's safety profile (adverse drug reactions and drug interactions) and pharmacokinetic
parameters, and can provide insight into early indications of therapeutic efficacy. Procedures
that reduce the time to supply quality formulations for studies are valuable in reducing late-
stage dropouts or losses. The studies can also increase the ability to get promising compounds
to patients who need them. Using the skills of a pharmacist to extemporaneously compound
investigational trial medications provides investigators with the ability to explore a less-confined
dosing range, alternative formulations, and alternative routes of administration. Compounded
formulations can also be used to obtain a better understanding of a drug's pharmacokinetic
profile such as absorption, distribution, metabolism, and excretion parameters. Finally,
extemporaneous preparations are useful to rapidly screen alternative, unique formulation
concepts to provide added value to a study. 
In general, investigational drug studies are biomedical or health-related research studies in
humans and animals that follow a predefined protocol. Preclinical studies involve the testing of
potential drugs in the laboratory setting or in animals and typically are conducted before the
clinical study. Clinical studies generally are conducted in four phases, and each phase has a
different purpose to answer different questions.

Phase I studies: Researchers test an experimental drug or treatment in a small group of
people (20–80 generally healthy volunteers, but the study may include patients) for the
first time to evaluate the drug's safety, determine a safe dosage range, and identify
side effects.
Phase II studies: The experimental study drug or treatment is administered to a larger
group of people (100–300 patients with the specific disease state to be treated) to see
if the drug is effective and to further evaluate its safety.
Phase III studies: The experimental study drug or treatment is administered to large
groups of people (1000–3000 patients with the disease state of interest plus
concomitant medical conditions) to confirm the drug's effectiveness, monitor side
effects, compare it to commonly used treatments, and collect information that allows
the experimental drug or treatment to be used safely.
Phase IV studies: Postmarketing studies delineate additional information about the
drug's risks, benefits, and optimal use.
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The ultimate responsibility for all compounding and quality-related elements in an investigational
study resides with both the sponsor and the compounding pharmacy. When this responsibility is
delegated to a third party (individuals or contract research organizations) outside the sponsor's
organization, written contractual documents should clearly specify the scope, roles, and
responsibilities of work that will be performed by each party involved.

B. Best Practices

Compounding professionals should have appropriate Standard Operating Procedures (SOPs) to
ensure that investigational materials are properly handled and compounded. SOPs for the
handling, compounding, storage, and transportation of investigational drugs should be clearly
written and active, and they should be followed and documented. SOPs may include written
procedures for reviewing, approving, supervising, and monitoring investigational medications.
These policies should be clearly written to ensure that when pharmacy services are provided,
the pharmacy has ultimate responsibility for the acquisition, compounding, labeling, storage,
Quality Assurance, dispensing, distribution, and destruction of the recalled, unused, or returned
investigational drug.

II. REGULATORY ENVIRONMENT AND GUIDANCE

Although traditional Current Good Manufacturing Practices (cGMP) systems may not be required
when extemporaneous compounding is used in preclinical and Phase I investigations, there
should be appropriate controls in place to ensure patient safety by means of appropriate record
keeping and documentation. Investigational drug preparation may also require compliance with
local and state laws and regulations.

A. Federal

21 CFR 210 provides support for this chapter:

§210.2 Applicability of current good manufacturing practice regulations. 
(a)*** 
(b)*** 
(c) An investigational drug for use in a phase 1 study, as described in 312.21(a) of this
chapter, is subject to the statutory requirements set forth in 21 U.S.C. 351(a)(2)(B). The
production of such drug is exempt from compliance with the regulations in part 211 of this
chapter. However, this exemption does not apply to an investigational drug for use in a phase
1 study once the investigational drug has been made available for use by or for the sponsor in
a phase 2 or phase 3 study, as described in 312.21(b) and (c) of this chapter, or the drug
has been lawfully marketed. If the investigational drug has been made available in a phase 2
or phase 3 study or the drug has been lawfully marketed, the drug for use in the phase 1
study must comply with part 211. 
[69 FR 29828, May 25, 2004, as amended at 73 FR 40462, July 15, 2008; 74 FR 65431, Dec.
10, 2009]

B. State, Territory, or Province
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Compounding for investigational drug studies may be addressed differently by different states,
territories, or provinces. When states do not specifically address the topic, investigators
(pharmacists, physicians, veterinarians, nurses, physical therapists, and others) should refer to
USP–NF standards for compounding. For example, states may require a patient's name on a
prescription, and when the patient's name is not known, a unique identifier may be assigned for
labeling, documentation, and traceability of all compounded dosage forms.

C. International and Globalization Issues

Many countries require information for the investigational drug preparation as part of the
investigational drug application. These requirements vary according to the respective laws,
regulations, and guidelines of the country. Several guidance documents are available and can
assist investigators to compile the necessary information, and the latest version should be
obtained and followed.

III. FACILITIES

A. Site Qualifications

Facilities should be properly designed and constructed for the preparation of investigational
drugs. Facility design and use considerations should comply with Pharmaceutical Compounding

—Nonsterile Preparations 795 , Pharmaceutical Compounding—Sterile Preparations 797 ,

Physical Environments That Promote Safe Medication Use 1066 , and Quality Assurance in

Pharmaceutical Compounding 1163 . Sponsors should conduct an audit to ensure
compliance.

B. Accreditation

Facilities should be accredited by a national accreditation agency or organization.

IV. EQUIPMENT

Equipment should meet the standards in general chapters 795 , 797 , 1163 , and

Prescription Balances and Volumetric Apparatus 1176 .

V. PERSONNEL

Personnel must comply with the standards in general chapters 795 , 797 , and 1163
and have appropriate training. Training should include but is not limited to the following, as
appropriate for specific protocols:

overview of new drug development,
Food and Drug Administration (FDA)-regulated research,
investigator obligations in FDA-regulated clinical research,
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managing investigational agents,
conducting clinical studies of medical devices,
detection, evaluation, and reporting of adverse events,
audits and inspections in clinical studies,
monitoring of clinical studies by industry sponsors,
HIPAA privacy rules for human and animal subject protection,
Investigational Review Board roles,
recruitment for participation in research studies, and
informed consent.

Training needs for those who prepare compounded preparations should (1) be described in
SOPs; (2) comply with all USP–NF, federal, state, and local regulations; and (3) be
documented.

VI. MATERIALS MANAGEMENT—PREPARATION

Materials such as drug substances, excipients, commercial products, and in-process materials

and preparation procedures should comply with the standards in general chapters 795 , 

797 , and 1163 , and monographs, when available.

A. Raw Materials (Drug Substances and Excipients)

Compounding professionals should have in place SOPs that describe the receipt, handling,
review, acceptance, storage, and control of raw materials. Additionally, upon receipt all of
these materials should be properly stored consistent with labeled information and should be free
from any damage. Receipt records should be maintained, and material use should be traceable
to the individual patient. Raw materials preferably should be official compendial articles, but
noncompendial ingredients and substances may be used if they are approved by the sponsor,
are evaluated for safety, and are appropriately documented. A Certificate of Analysis (CoA)
confirming appropriate identity, strength, purity, and quality should accompany the raw
material. For human and animal-derived material, documentation should include information
about sourcing and test results for adventitious agents. All raw materials should be examined
for any physical damage and should be quarantined until examined or tested, as appropriate,
and released for use. 
Storage and handling conditions for investigational raw materials should be detailed and
maintained to prevent degradation or contamination and to ensure preparation quality.
Temperature, humidity, light protection, and other specifications should be provided by the
sponsor or supplier. Alternatively, data can be generated from other recorded sources or
obtained from literature references. Investigational drug container labeling should be displayed
prominently and understandably with respect to the requirements for proper storage and retest
date. If required, in-package temperature-monitoring devices should be used and their
information recorded after the package is received at the study site. Compounding
professionals should handle and store such materials in a manner that ensures integrity and
prevents degradation or contamination.

B. Commercial Products as Drug Source Material
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Commercial dosage forms such as tablets, capsules, injectables, or liquids may be used in
investigational studies. Tablets should be finely comminuted before they can be incorporated
into an oral liquid or capsule preparation. Generally, immediate-release tablets should be used,
not altered- or controlled-release tablets unless the latter are specifically demonstrated to be
acceptable. Capsules can also be a source of the drug (i.e., opening the capsule shell and
using the contents). Liquids can be evaporated to dryness by appropriate means, or they can
be prepared with an adsorbent before incorporation into solid or semisolid dosage forms.
Injectable preparations can be reconstituted, if required, and used.

C. In-Process Materials

In-process materials include any item or preparation that is prepared and used during the
compounding of the final preparation (e.g., premixes, triturations, stock solutions, primary
emulsions, and gel components). These items may require testing to ensure stability and
uniformity during storage.

VII. MATERIALS MANAGEMENT—FINISHED PREPARATION

The finished preparation includes the dosage form, package, label, and any other required
items. The final preparation should be analyzed for conformance to the specifications provided
by the primary investigator or sponsor. Sufficient checks and balances should be incorporated
in the process to ensure that the actual yield matches the theoretical yield or that any
deviation is accounted for and documented.

VIII. COMPOUNDING

Before compounding the investigational drug, the Pharmacist-in-Charge (PIC) should review the
protocol and the intended use of the investigational drug to ensure that adequate space,
facilities, and equipment are available to properly produce the extemporaneous preparation. 
The preparation of an investigational drug should follow written procedures that take into
account the complexity of the process and a risk assessment of the material to be prepared. All
equipment and facilities should be properly and adequately cleaned before and after
preparation, and personnel should don proper attire and practice good hand hygiene and

cleansing habits in accordance with general chapters 795 , 797 , and 1163 . For
instance, weighing and dispensing a nonsterile powder is less complex and has fewer associated
risks compared to preparing and dispensing a sterile preparation from nonsterile ingredients,
which is highly complex and entails high associated risks. The documentation should contain
sufficient detail to allow reproducibility and traceability and should follow all applicable USP–NF
standards and state and local regulations. 
Each step of the preparation process should be reviewed and checked by assigned personnel
(e.g., a pharmacist) to ensure the accuracy and completeness of each step. The finished
preparation and supporting documentation (e.g., compounding log) should be checked to
ensure that the investigational drug appears as expected, any discrepancies should be
investigated, and appropriate corrective and preventive actions should be taken before
dispensing. 
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A number of technologies and resources are available to facilitate and streamline preparation
development. Some examples include:

use of disposable equipment and process aids to reduce cleaning burden and risk of
contamination,
use of commercial, prepackaged materials (e.g., Sterile Water For Injection and
presterilized containers and closures) to eliminate the need for sterilization of additional
equipment, and
use of closed processing equipment (e.g., robotic compounding systems) to alleviate
the need for stricter room classification.

IX. PACKAGING, LABELING, AND LABELS

A. Packaging

Packaging materials include the immediate container, closure, and any other packaging
materials. Packaging materials should meet USP–NF standards and should be sourced and
selected based on physical and chemical characteristics and compatibility with the final
preparation to avoid possible drug–container interactions. They should also be accompanied by
documentation of their composition and size specifications, and should ensure preparation
stability. The packaging may include glass or plastic bottles, metal or plastic caps, paper,
cardboard, plastic parts and film, metal foil, drums, cans, tubes, vials, or jars. 
The investigational drug should be suitably packaged to protect it from alteration,
contamination, and damage during storage, handling, and shipping. Written SOPs should be
established for controlling packaging, labeling, and distribution operations. Recommended
activities include preparation segregation, label reconciliation, verification of operations by a
second person, confirmatory laboratory testing when applicable and required, and quality
control review to achieve effective control especially in situations when the potential for
mislabeling is more likely (e.g., use of placebo, blinded studies, or multiple strengths).

B. Labeling and Labels

Labeling includes all the written, printed, or graphic material accompanying the preparation.
There should be complete agreement between the preparation label and the materials
accompanying the preparation. Labeling also includes the instructions to the investigators
involved in the study, package inserts, cartons, outer wrapping (if used), and any other
materials accompanying the preparation. Labeling control is vitally important, and only the
exact number of labels required should be printed. An example label should be affixed to the
compounding record. 
The Label includes all written, printed, or graphic matter on the immediate container received
by the patient. Appropriate labels should be selected after consideration of the type and size
as well as the adhesive used to ensure that the printed label is legible and adheres to the
preparation container during use and short-term storage. The adhesive should not leach and
contaminate the investigational drug preparation (this can be addressed by documented
references). 
Labeling of investigational drugs should follow applicable regulatory agency and sponsor
requirements, as below:
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21 CFR 312, Subpart A—General Provisions, §312.6 Labeling of an investigational new
drug. 
(a) The immediate package of an investigational new drug intended for human use shall bear a
label with the statement “Caution: New Drug—Limited by Federal (or United States) law to
investigational use.” 
(b) The label or labeling of an investigational new drug shall not bear any statement that is
false or misleading in any particular and shall not represent that the investigational new drug
is safe or effective for the purposes for which it is being investigated. 
(c) The appropriate FDA Center Director, according to the procedures set forth in 201.26 or
610.68 of this chapter, may grant an exception or alternative to the provision in paragraph
(a) of this section, to the extent that this provision is not explicitly required by statute, for
specified lots, batches, or other units of a human drug product that is or will be included in
the Strategic National Stockpile. 
[52 FR 8831, Mar. 19, 1987, as amended at 72 FR 73599, Dec. 28, 2007.]

The investigational protocol or the pharmacy manual should provide labeling instructions as well
as label content. Labels may be provided by the sponsoring company or may be produced on-
site at the compounding pharmacy. If labels are provided by the sponsor, the site may be
required by state laws or internal procedures to provide additional separate and unique labeling.
The compounded investigational drug should be labeled with a unique identifier that allows
traceability and recovery, if necessary, and a beyond-use date (BUD) or equivalent date. 
An auxiliary label for supplying additional information may need to be affixed to individual drugs
or a bag that holds a supply of vials or containers of the same drug strength or concentration.
Such labels should supply information that is missing on the preparation label or information that
is poorly visible on the label. A highlighter pen can be used to focus attention on key
information on the label. Sponsors typically do not allow investigational drugs to be transferred
out of the original container, and if a transfer is necessary, proper labeling should accompany
the investigational preparation.

X. QUALITY ASSURANCE PROGRAM MANAGEMENT

A Quality Assurance program in compounding investigational drugs is important for the integrity
of a study. Quality Assurance includes all of the organized arrangements made with the
objective of ensuring that pharmaceutical preparations are of the quality required for their
intended purposes. The effectiveness and suitability of the Quality Assurance program should
be assessed regularly, no less than annually. Five variables that should be addressed by a
Quality Control program for investigational trial batches are the raw materials, in-process items,
packaging materials, labels, and finished preparations. 
Quality Assurance ensures that:

compounded investigational preparations are designed and prepared according to

general chapters 795 , 797 , and 1163  and the methods and procedures in the
study protocol;
compounding and control operations are clearly specified and implemented according to
the principles of good compounding practices;
pharmaceutical preparations are supplied only if they have been correctly processed,
checked, and stored in accordance with the defined procedures and are released by an
appropriate competent person;
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adequate measures are in place to ensure that medicinal preparations are released,
stored, and handled in such a way that the required quality can be ensured until the
BUD; and
documentation systems are in place and are maintained.

A responsible qualified person should be assigned overall responsibility for the establishment and
execution of the quality program. Responsible quality personnel are essential in ensuring the
safety, identity, strength, quality, and purity of investigational drugs and their components. 

The Quality Assurance program (see 1163 ) should include at least the following nine
separate but integrated components:

1. training;
2. SOPs;
3. documentation;
4. verification;
5. testing;
6. cleaning, disinfecting, and safety;
7. containers, packaging, repackaging, labeling, and storage;
8. outsourcing, if used; and
9. responsible personnel.

The Quality Assurance program supports the safety, quality, and efficacy or benefit of
compounded investigational preparations. The latter require correct ingredients and
calculations; accurate and precise measurements; appropriate formulation, facilities,
equipment, and procedures; and prudent pharmaceutical judgment. As a final release check,
the compounder should review each step or compounding process procedure in the
compounding record or the batch record. To ensure accuracy and completeness, the
compounder should observe the finished preparation to ensure that it appears as expected and
should investigate any deviations and discrepancies and take appropriate corrective action
before releasing the compounded preparation for use. 
Internal inspections should be performed on a periodic basis to ensure compliance with SOPs,
policies and procedures, and internal and regulatory quality requirements. In a pharmacy
setting, someone other than the compounder should be responsible for the inspections. 
Sponsor companies or their vendors, including pharmacies or clinics, should conduct audits
according to the study protocol. As part of the inspection, the Quality Assurance auditor
should verify that the PIC or the appropriate person is performing quality inspections.

A. Standard Operating Procedures

SOPs for pharmaceutical compounding are documents that describe how to perform routine and
expected tasks in the compounding environment, including but not limited to procedures
involving records of preparations, compendial standards, sponsor requirements, and testing to
ensure that quality, identity, purity, uniformity, and integrity have been achieved (see

Antimicrobial Effectiveness Testing 51 , Sterility Tests 71 , Bacterial Endotoxins Test 85

, 795 , 797 , and 1163 ).

B. Testing
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A Quality Assurance program for compounded preparations should include testing during the
compounding process and of the finished compounded preparation, when appropriate, as
described in the study protocol. Testing may involve physical, chemical, and microbiological

testing (see 51 , 71 , 85 , 795 , 797 , and 1163 ). Acceptance criteria should
be determined before testing. Investigative and corrective actions associated with the specific
failure or discrepancy should be documented. Testing may involve one or more quality
attributes, and each test should have one or more procedures, usually with well-defined
acceptance criteria. Regardless of the source, each drug substance and excipient should have
predetermined acceptance criteria. 
The PIC is responsible for either implementing an in-house testing program or working with a
contract laboratory to confirm appropriate testing methods for the preparations. If testing is
done at the compounding site, appropriate equipment should be obtained and qualified either by
the manufacturer upon sale or by the compounding professional upon receipt, and should be
maintained, calibrated, and properly used. All personnel conducting in-house testing should be
properly trained, skilled, and proficient in the procedure. 
If a pharmacy has the necessary equipment, supplies, and skilled and qualified personnel, many
Quality Control tests can be conducted on-site. Appropriate SOPs should be developed and
implemented to ensure that equipment and instruments are working satisfactorily and that
preparations are compounded properly. Pharmacists can perform physical Quality Control tests
to ensure the uniformity and accuracy of many small-scale compounded preparations. These
tests address individual dosage unit weights, average individual dosage unit weights, total
preparation weight, pH, and physical observations such as appearance, taste, and smell. 
If testing is outsourced, the PIC and sponsor should determine what to outsource and how to
select a laboratory, and should develop an ongoing relationship with the laboratory chosen.
Contract laboratories should follow standards set forth in USP–NF general chapters, as
appropriate, and preferably should be registered with the FDA and/or accredited by an
appropriate agency. 
Factors to coordinate and consider involving sampling requirements include the following:

quantity of preparation being compounded according to the study protocol for a specific
prescription;
number of samples needed;
destructive or nondestructive testing;
appropriate methods of obtaining representative samples;
physical state of the samples (solid, liquid, or gas);
type of container required for collection and storage;
any special handling and shipping requirements or restrictions (e.g., controlled drug
substances, dangerous or hazardous chemicals, flammable or caustic substances, and
refrigerated or frozen preparations); and
storage requirements—storage requirements for samples should be specified, including
type of container, temperature, humidity, and light resistance (see Packaging and

Storage Requirements 659 ).

C. Laboratory

The results of laboratory testing document the quality of the compounding pharmacy's
preparations. Any preparation with a USP or NF designation must meet the requirements set
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forth in the USP–NF monograph for that drug, and all documentation should be retained
according to the study protocol or for at least 1 year past the BUD of the last batch of
compounded preparation.

D. Retention Samples

A representative sample from each batch of investigational drug substance and drug product
(in the containers used in the investigational study) should be retained and properly stored
according to the study protocol for at least 2 years following study termination or withdrawal of
the Investigational New Drug Application (INDA). An alternative approach may be needed for
unstable samples. When feasible, the sample should consist of a quantity adequate for the
performance of additional testing or investigation if required at a later date (e.g., twice the
quantity necessary to conduct release testing, excluding testing for pyrogenicity, and sterility).

E. Re-Issuing Preparations

Occasionally, it may be advantageous to re-issue investigational drugs, e.g., if samples are
appropriately packaged, if the drug has not been issued to patients or opened, and if the
preparation's identity and stability information are known. If compounding pharmacists are
considering re-issuing a preparation, they should pay special attention to the preparation's
stability, storage, sealing, and related factors. If vials are packaged in patient-specific cartons
(kits), then the compounding pharmacist can use tamper-evident tape, and if the latter is not
violated the kit can be re-issued.

F. Documentation

1. SAFETY DATA SHEETS

Safety Data Sheets should be available on-site or should be readily retrievable electronically.
They should be reviewed by appropriate personnel who are exposed to compounding materials.

2. CERTIFICATES OF ANALYSIS

A CoA should be obtained for every ingredient used in the compounding of investigational drugs,
should be maintained throughout the study, and should be provided to the sponsor at the end
of the study if requested. If all materials are supplied by the sponsor, the sponsor is responsible
for maintaining the CoAs for the ingredients and supplying these to the clinical site if requested.

3. RECORDS MANAGEMENT

Documentation should include a record of all aspects of the compounding of investigational
drugs. Information should be entered on appropriate record forms as the tasks are performed.
Compounding records should be reviewed for accuracy and completeness (as appropriate) and
should be approved by responsible quality personnel before product release. After study
termination, all records of the investigational study should be retained according to sponsor,
USP–NF, state, and local requirements. 
Documentation for investigational drugs includes at least the original study specifications, the
master formula record, the compounding record, test results, CoA, any documentation
accompanying the ingredients and materials used in the preparation, and any calibration tests
done on the equipment used. 
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Information about the preparation should consist of the preparation name, preparation or study
identification number (protocol number or preparation number), dosage strength, dosage form,
container–closure system, container size, BUD, pharmacy name and address, date, and
approval signatures. 
After a marketing application has been approved, sponsors should retain records for at least 2
years according to the study protocol and state and federal regulations or, if the INDA is not
approved, for 2 years after discontinuation of shipment and delivery of the drug for
investigational use and FDA notification.

G. Handling Precautions

All materials used in compounding should be handled appropriately and in accordance with
information from the Safety Data Sheets. When compounding with hazardous drugs,
pharmacists should pay careful attention to all aspects of handling these substances for
personnel protection and should comply with appropriate USP–NF standards.

H. Release and Certification of Preparations

The final investigational drug preparation used for subject dosing is released according to
sponsor procedures. Integral to release is the assurance that preparation activities have been
conducted in accordance with the appropriate quality requirements and as defined by the
sponsor, including receipt, handling, preparation, dispensing, labeling, blinding (when
necessary), and storage. Any discrepancies should be documented and discussed with the
sponsor to determine possible effects and appropriate steps. 
The PIC or qualified delegate is responsible for approval of the final investigational drug
preparation for subject dosing.

I. Security

The area used for storage, preparation, packaging, labeling, and distribution of investigational
drugs should be secure and should have restricted access. Sometimes, multiple day supplies are
dispensed to the study patient and proper identification of those to whom the investigational
drug is dispensed or issued is critical. Appropriate SOPs should be in place and should be
documented to facilitate traceability and recall.

XI. STABILITY, STORAGE, AND DISTRIBUTION

Stability data should be generated to support the proposed shelf life for the investigational
drug. These data are used to establish a shelf life or BUD for the extemporaneous preparation
to ensure adequate potency and purity during storage under the labeled conditions. The
stability study should be conducted using stability-indicating methods, appropriate laboratory
procedures, representative drug preparations, storage at the anticipated (or required) storage
condition, and storage in the container–closure system that is ultimately used at the site of
administration. 
All excursions outside acceptable limits should be documented by authorized site personnel,
who should note the temperature excursion and initial and date the primary temperature
recording documentation (i.e., temperature log or chart).
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A. Beyond-Use Dates and Expiration Dates

A BUD should be established for the investigational preparation. This can be accomplished in
association with a contract analytical laboratory using either real-time or accelerated stability
testing. Data should support material storage for as long as intended during the investigational
trial. Finally, compounding pharmacists should include the BUD or expiration date on all labels for
containers of investigational drug ingredients, extemporaneous preparations, and all raw
materials.

B. Exceptions to Beyond-Use Dates

Drug preparations should bear certain information on the preparation's labeling, e.g., control
numbers (or lot numbers) and BUDs. However, in the case of investigational drug preparations,
FDA recognizes there may be instances when including this information on the preparation
labeling might have an adverse effect on blinding. FDA permits exclusion of control numbers and
expiration dates from the preparation labeling for blinding purposes provided this information is
made available separately (e.g., to the clinical investigator) in case the blind or randomization
code needs to be broken. Stability information should be available when the preparation is
shipped from the sponsor to the investigational study site. The pharmacists should have access
to expiration dating information, but, as noted above, the expiration dating need not always be
present on the preparation's label.

C. Stability

Complete stability information may not be available when studies are conducted and may be
ongoing simultaneously with the investigational study. In such situations, storage and
distribution conditions should be carefully monitored, controlled, and documented. The
compounding pharmacy and the sponsor should communicate regularly about new stability
information, including unexplained treatment failures in study patients.

D. Storage

Storage temperatures throughout the entire study process should be carefully monitored,
controlled, and documented. Any temperature deviations and their durations should be
investigated and recorded. Root cause analysis should be performed to identify the causes.
Electronic monitoring devices are recommended because they can provide a detailed record of
storage conditions.

E. Distribution and Dispensing

Distribution and dispensing potentially are the least controllable part of the overall scheme from
compounding to administration. If distribution and dispensing occur within the same facility, the
potential problems should be minimal. However, if distribution and dispensing occur in different
locations and common carriers are used, the potential problems can be substantial, especially if
overnight delivery is required or distribution needs to be made during weather extremes. Robust
packaging systems may be required to minimize the effects of temperature excursions during
transportation. In-package temperature monitoring devices should be used, and their
information should be recorded immediately after the package is received at the study site, if
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required.

XII. PROCEDURES AND DOSAGE FORMS

Virtually all known dosage forms can be used in investigational studies (see 1151 ).
Compounding pharmacists should keep the formulation as simple as is reasonable and should
exclude any ingredient (excipient) that could negatively affect the response to the drug. 
Example dosage forms include bulk tablets and capsules, powdered drug substance preweighed
in unit doses, powdered drug substance in bulk for multiple subjects, solution or suspension in
unit doses, solution or suspension in bulk for multiple subjects, sterile solutions for injection or
infusion, sterile lyophilized powdered drug substance, powder for inhalation, nasal spray, radio-
labeled bulk and unit doses, bulk drug substance and excipients for compounding, topical
preparations such as creams or lotions, and placebos. 
The compounding pharmacist should document quality control information on the Compounding
Record, including observations, procedural or equipment variances, and testing results. 

Preparation procedures must follow general chapters 795 , 797 , and 1163 . Up-to-
date equipment and supplies should be used and should be properly maintained and calibrated,
if necessary. Only qualified personnel should be involved in the compounding process.

XIII. MISCELLANEOUS

After study termination, records of investigational drugs should be retained according to the
sponsor's requirements, including records pertaining to the preparation, release, and disposition
of each lot of material used, as well as source documentation and release testing, as
appropriate, for raw materials. Pharmacists should also retain records pertaining to reference
standards, if any, used to support investigational drugs.

A. Disposition of Unused Materials and Preparations

Unused drug substances, excipients, or finished preparations should be disposed of in
accordance with SOPs and sponsor requirements, and pharmacists should make an accounting
for all investigational preparations received, dispensed, and returned to the sponsor. Any
discrepancies should be noted (e.g., preparation of doses that were not dispensed or broken or
breached containers). 
At the completion of the study, the sponsor should visit the compounding pharmacy to account
for all used and unused drug supplies. The sponsor can verify the accountability and note the
quantity returned for reconciliation and destruction. 
The compounding pharmacy should verify the quantity returned for destruction and should
complete and sign the necessary forms. 
The placebo and unused supplies should be handled according to the sponsor's requirements.

XIV. CONCLUSIONS

Compounding for investigational studies differs from routine pharmacy compounding primarily
with respect to documentation and Quality Assurance. A pharmacy's ability to provide these
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services is an integral part of delivering pharmaceutical care to patients.

BRIEFING

1196  Pharmacopeial Harmonization, USP 36 page 941. The General Chapters—Physical
Analysis Expert Committee has recommended omitting this general information chapter because
of its redundancy with information on the USP webpage on harmonization.

(GCPA: K. Moore.)
Correspondence Number—C134210

Comment deadline: November 30, 2013

Delete the following:

1196 PHARMACOPEIAL HARMONIZATION

This general information chapter provides information about the concept of harmonization by
the Pharmacopeial Discussion Group (PDG). The chapter provides: (1) the PDG Policy
Statement; (2) the PDG Working Procedures; (3) a discussion; (4) a status report; and (5) a
glossary.

HARMONIZATION POLICY

The following policy statement was approved by the PDG at its September 2002 meeting.

General Information

In 1989, the PDG was formed with representatives from the European Directorate for the
Quality of Medicines in the Council of Europe, the United States Pharmacopeial Convention,
Inc., and the Japanese Pharmacopoeia in the Ministry of Health and Welfare—now the Ministry
of Health, Labor, and Welfare (MHLW). Since that time, the PDG generally meets twice a year
to work on pharmacopeial harmonization topics. In May 2001, the PDG welcomed the World
Health Organization as an observer. While not part of the International Conference on
Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use
(ICH), the PDG usually meets in conjunction with the ICH and provides the ICH Steering
Committee with reports of its progress. To facilitate harmonization of some ICH Quality
guidelines and the Quality section of the Common Technical Document, the PDG representatives
sometimes attend ICH expert working group discussions as observers.

Purpose

A pharmacopeial monograph for an active ingredient or excipient, preparation, or other
substance used in the manufacture or compounding of a medicinal product generally provides a
name, definition, description, and sometimes packaging, labeling, and storage statements.
Thereafter, the monograph provides tests, procedures, and acceptance criteria that constitute
the specification. For frequently cited procedures, a monograph may refer to a general chapter
for editorial convenience. The PDG works to harmonize excipient monographs and general
chapters. This will reduce manufacturers' burden of performing analytical procedures in different

2S (USP37)
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ways, using different acceptance criteria. At all times, the PDG works to maintain an optimal
level of science consistent with protection of the public health.

Definition of Harmonization

The PDG has defined harmonization of a pharmacopeial monograph or general chapter as
follows: 
“A pharmacopeial general chapter or other pharmacopeial document is harmonized when a
pharmaceutical substance or product tested by the document's harmonized procedure yields
the same results and the same accept/reject decision is reached.” 
When using a fully harmonized pharmacopeial monograph or general chapter, an analyst will
perform the same procedures and reach the same accept/reject decisions irrespective of which
PDG pharmacopeia is referenced. This approach is called interchangeability, and each
pharmacopeia will identify, in an appropriate manner, such a monograph or general chapter. 
When full harmonization of a pharmacopeial monograph or general chapter is not possible, the
PDG works to harmonize it using an approach termed harmonization by attribute. In this
approach, some elements of a monograph or general chapter may be harmonized, but others
may not. When a monograph is harmonized by attribute, a combination of approaches is
needed. For nonharmonized elements, reliance on the individual PDG pharmacopeia is necessary.

Process

Harmonization of pharmacopeial documents in the PDG is based upon decisions of the expert
bodies of each pharmacopeia. The PDG works transparently in many ways, principally through
the public notice and comment procedures of each pharmacopeia. The details are described
below under PDG Working Procedures.

Implementation

The implementation of a harmonized document varies in the three PDG regions, depending upon
their legal requirements, need for translation, and publication schedules. Each pharmacopeia
generally allows some period of time after publication to implement official harmonized texts to
allow manufacturers and other users to achieve conformity. Harmonization is not achieved until
the text becomes official in all three pharmacopeias.

Revision of Harmonized Monographs

The pharmacopeias participating in the PDG have agreed not to revise unilaterally any
harmonized document after publication. Should revisions be necessary for any appropriate
reasons, the initiating pharmacopeia notifies the PDG, and revision proceeds according to the
PDG Working Procedures.

PDG WORKING PROCEDURES

Working Procedures of the PDG were updated at the October 2006 PDG meeting.

General
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Harmonization may be carried out retrospectively for existing monographs or chapters or
prospectively for new monographs or chapters. 
The three pharmacopeias have a commitment to respect the agreed working procedures and
the associated time deadlines as an essential part of the harmonization procedure. 
Harmonization of pharmacopeial documents in the PDG is performed on the basis of decisions of
the expert bodies of each pharmacopeia. The PDG works transparently in many ways, but
principally through the public notice and comment procedures of each pharmacopeia. 
Where necessary, meetings of experts are held to identify potential solutions to difficult
problems. 
The specific stages of the PDG procedure (Process) involved in harmonization are described
below.

Stage 1: Identification

On the basis of an inquiry among its users, the PDG identifies subjects to be harmonized among
PDG pharmacopeias and nominates a coordinating pharmacopeia for each subject. 
The PDG distributes the work by consensus among the three pharmacopeias and strives for a
balance in the distribution of assignments to coordinating pharmacopeias.

Stage 2: Investigation

For a subject to be harmonized retrospectively, the coordinating pharmacopeia collects the
information on the existing specifications in the three pharmacopeias, on the grades of
products marketed, and on the potential analytical procedures. 
The coordinating pharmacopeia prepares a draft monograph or chapter, accompanied by a
report giving the rationale for the proposal with validation data. 
Stage 2 ends with the proposal draft, which is mentioned in this procedure as a Stage 3 draft.
The Stage 3 draft, accompanied by supporting comments or data that explain the reasons for
each test procedure or limit proposed, is sent by the coordinating pharmacopeia to the
secretariats of the other two PDG pharmacopeias.

Stage 3: Proposal for Expert Committee Review

The three pharmacopeias forward the Stage 3 draft to their expert committee (through
meetings or consultation by correspondence). 
Comments by the experts resulting from this preliminary survey are sent to their respective
pharmacopeial secretariat, preferably within 2 months. However, the comment period should
not exceed 4 months. Within 2 months of receipt of the comments, the pharmacopeial
secretariat should consolidate the comments and forward them to the coordinating
pharmacopeia. 
The coordinating pharmacopeia reviews the comments received and prepares a harmonized
document (Stage 4 draft) accompanied by a commentary discussing comments received about
the previous text and providing reasons for action taken in response to those comments. 
The Stage 4 draft, as far as possible written in global style—a style easily understood by a
variety of readers—together with the commentary, is sent to the secretariats of the other
pharmacopeias (end of Stage 3).

Stage 4: Official Inquiry
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The Stage 4 draft and the commentary are published in the revision document or forum of each
pharmacopeia in a section entitled International Harmonization. The draft is published in its
entirety. 
The corresponding secretariats may have to add information essential to the understanding of
the implementation of the texts (e.g., the description of an analytical procedure or of reagents
that do not exist in the pharmacopeia), and a translation is added by the European and
Japanese Pharmacopoeias. The style may be adapted to that of the pharmacopeia concerned,
or global style may be used. The three pharmacopeias endeavor to publish the drafts
simultaneously or as closely as possible. 
Comments regarding this draft are sent by readers of the revision document to their respective
pharmacopeial secretariat, preferably within 4 months and at most within 6 months of its
publication. 
Each pharmacopeia analyzes the comments received and submits its consolidated comments to
the coordinating pharmacopeia within 2 months of the end of the review or comment period. 
The coordinating pharmacopeia reviews the comments received and prepares a draft
harmonized document (Stage 5A draft), accompanied by a commentary discussing comments
received regarding the previous text and providing reasons for action taken in response to
those comments. 
The Stage 5A draft, together with the commentary, is sent to the secretariats of the other
two PDG pharmacopeias.

Stage 5. Consensus

5A. PROVISIONAL

The Stage 5A draft is reviewed and commented on by the other two PDG pharmacopeias within
4 months of receipt. The three pharmacopeias shall do their utmost to reach full agreement at
this stage to obtain a final consensus document. 
If a consensus has not been reached, the coordinating pharmacopeia prepares a revised
version (Stage 5A/2), taking into consideration relevant, substantiated comments on the Stage
5A document from the two other pharmacopeias. The revised document (Stage 5A/2), together
with the commentary, is sent to the secretariats of the other two PDG pharmacopeias. The
revised document is reviewed and commented on by the other two PDG pharmacopeias,
preferably within 2 months of receipt. This review or comment and revision process of the 5A
document is repeated (Stage5A/n) until the three PDG pharmacopeias reach a consensus or
until the coordinating pharmacopeia considers that harmonization by attribute should be
applied. 
If the coordinating pharmacopeia considers certain attributes in the monograph or provisions in
a general chapter (especially for retroactive harmonization) are such that it will not be possible
to harmonize within a reasonable time period, harmonization by attribute will be applied. If
harmonization by attribute is applied, a special cover page (see the table in the Appendix)
indicating harmonization is included with the draft. The text contains harmonized attributes and
provisions, and nonharmonized and local attributes are not included. The nonharmonized
attributes are clearly indicated in the text as such. The table is prepared as follows: if three
pharmacopeias agree on the attribute, there will be a (+) in all columns; if two pharmacopeias
agree that the attribute should be included and have agreed on the method and limit, there will
be a (+) in the column for those two pharmacopeias, and a (–) in the column for the
pharmacopeia that will not stipulate the test. 
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For nonharmonized or local requirements, if three pharmacopeias agree that the attribute
should be included, but have not come to agreement on the method or limit: state attribute
under “nonharmonized attributes.” If only one pharmacopeia will include an attribute: state
under “local requirement.” 
If the Stage 5A draft is substantially different from the Stage 4 draft, the PDG may decide that
it should be published again in the revision documents; the draft then reverts technically to
Stage 4, revised.

5B. DRAFT SIGN-OFF

When agreement is reached, the 5B draft is sent by the coordinating pharmacopeia to the
other pharmacopeias no later than 4 weeks before a PDG meeting for final confirmation. The
document is then presented for sign-off at the PDG meeting.This document includes
nonharmonized attributes clearly marked as such.

Stage 6: Regional Adoption and Implementation

Note—The last two stages of the implementation of the “harmonized” chapters and monographs
take place independently according to the procedures established by each pharmacopeial
organization.

6A. REGIONAL ADOPTION AND PUBLICATION

The document is submitted for adoption to the organization responsible for each pharmacopeia.
Each pharmacopeia incorporates the harmonized draft according to its own procedures. 
Adopted texts are published by the three pharmacopeias in their supplements, or where
applicable, in a new edition. 
If necessary, the Stage 5B draft may be adopted with some amendments (local requirements)
corresponding to a general policy in the national or regional (European) area. If a pharmacopeia
includes a local attribute after the sign-off of a text, it will inform the PDG. It is, however,
preferred to include the nonharmonized text in Stage 5B as an alert to the other pharmacopeias
that there will be some differences in text in the final document. 
Users of the pharmacopeias are appropriately informed of the harmonization status of
monographs and general chapters. In the European Pharmacopoeia (EP) and USP–NF, for
general chapters, this is done via a preliminary paragraph. For the Japanese Pharmacopoeia
(JP), a notification is made by the MHLW, and information is given in a general chapter.

6B. IMPLEMENTATION

The pharmacopeias will inform each other of the date of implementation in their particular
region. 
The date of implementation of a harmonized document varies in the three PDG regions
depending on their legal requirements, need of translation, and publication schedules. Each
pharmacopeia generally allows some period of time after publication for implementation to allow
manufacturers and other users to achieve conformity. Harmonization is not achieved until the
text becomes official in all three pharmacopeias.

6C. INDICATION OF HARMONIZATION

Each pharmacopoeia will introduce a statement indicating the harmonization status. EP and USP
reference the corresponding text of the other PDG pharmacopeias. JP references the
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harmonized text. In case of residual differences, these are indicated by a specific symbol (black

diamond ). 
Harmonization is achieved when all pharmacopeias have highlighted harmonization and any
residual differences, based on a general policy in the national or regional area. 
Concurrent to Stages 6A, B, and C, a dialogue is opened between PDG and ICH Q4B Expert
Working Group for the purpose of obtaining regulatory acceptance of the harmonized text. The
coordinating pharmacopeia provides documents to ICH Q4B EWG as defined in the ICH Q4B
Guideline.

Stage 7: Inter-Regional Acceptance

Following the Q4B evaluation process, a formal notification of regulatory acceptance is posted
by ICH. 
A topic-specific annex to the Q4B guideline for each monograph or chapter concerned is
processed for publishing and implementation by each regional authority.

Revision

The procedure for the revision of harmonized monographs and chapters is as follows. 
The pharmacopeias participating in the PDG have agreed not to revise unilaterally any
harmonized document (monograph or chapter) after sign-off or after publication. 
A pharmacopeia requesting the revision of a monograph or chapter shall apply the following
criteria for justification of the revision:

Public health and safety reasons.
Insufficient supply of pharmacopeial-quality product on the market.
Specified analytical reagents or equipment unavailable.
New methods of preparation of products or reagents not covered by the current
monograph.
Analytical procedures capable of being replaced by more appropriate, accurate, or
precise procedures.

The PDG as a whole has to agree to initiate the revision. A coordinating pharmacopeia will be
nominated. The coordinating pharmacopeia will prepare a Stage 3 draft, based on the validation
of data provided by the pharmacopeia requesting the revision. 
The PDG Working Procedures will then be followed. The revisions of a sign-off document
prepared for this or other reasons are indicated as revision 1, 2, 3, etc. 
In case of health and safety issues, and whenever agreed to by the PDG, an accelerated
procedure shall be applied (shortening or eliminating stages).

Discussion

Harmonization of general chapters and monographs benefits manufacturers of pharmaceutical
products intended for human use, regulatory agencies, and ultimately, practitioners and
patients. Benefits are derived from (1) reduced development effort; (2) simplification of
regulatory filings; and (3) reduced release testing. 
Pharmacopeial harmonization amplifies the work of the ICH, particularly for Quality topics. While
the PDG is not part of the ICH, the PDG periodically provides updates to the ICH Steering
Committee, and in the past participated in a joint task force. This task force focused on
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harmonization of general chapters considered important to the ICH harmonized document
Specifications: Test Procedures and Acceptance Criteria for New Drug Substances and New
Drug Products: Chemical Substances (Q6A). USP also participates in the International
Cooperation on Harmonization of Technical Requirements for Registration of Veterinary Products
(VICH). As with the ICH, some of the quality guidelines developed in VICH depend upon
harmonization of pharmacopeial general chapters. A major difference between the PDG and
ICH/VICHs is that the ICH/VICH guidelines generally are applicable only to ingredients and drug
products not previously registered in an ICH/VICH region or nation, whereas the PDG
harmonization applies to all marketed products in the applicable region or nation. 
In the case of harmonization by attribute, nonharmonization or divergence will be indicated in

USP–NF and EP by the symbol . For these nonharmonized attributes, reliance upon the
individual pharmacopeia is required. A monograph or general chapter in one PDG pharmacopeia
may unilaterally include additional local or national attributes that are not included in the
corresponding text of the other pharmacopeias. Such text is not considered by the PDG to be a
divergence from the PDG harmonized text. 
As with other USP–NF revisions, draft harmonization texts are published for comment in
Pharmacopeial Forum. Final harmonized official text in USP–NF is presented in the latest edition,
Supplement, or Interim Revision Announcement. The current status of all harmonization
projects appears in Table 1 and Table 2. These status tables will be updated in subsequent
editions of USP–NF and its Supplements. 
In the U.S., cases of noncompliance or dispute are resolved through performance of the official
procedure in USP or NF. If the procedure and its acceptance criteria are harmonized in the PDG,
then a manufacturer may follow the relevant compendial instructions in USP–NF, EP, or JP.

Table 1. Status of Harmonization—Excipient 
Monographs

Excipient Name
Coordinating 
Pharmacopeia

Harmonization 
Stage

Alcohol (Rev 2) EP 4
Benzyl Alcohol 
(Rev 1)

EP 6

Dehydrated Alcohol 
(Rev 2)

EP 4

Butylparaben EP 6
Calcium Carbonate USP 4
Calcium Disodium Edetate JP 6
Calcium Phosphate Dibasic 
(and anhydrous)

JP 6

Carmellose Calcium 
(Rev 1)

USP 6

Carmellose 
Sodium

USP 4

Carmellose JP 4
Cellulose Acetate 
(Rev 1)

USP 6

Cellulose Acetate Phthalate USP 6
Microcrystalline Cellulose 
(Rev 1)

USP 6
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Cellulose, Powdered 
(Rev 1)

USP 6

Citric Acid, Anhydrous 
(Rev 1)

EP 6

Citric Acid, Monohydrate 
(Rev 1)

EP 6

Copovidone JP 4
Croscarmellulose Sodium USP 6
Crospovidone EP 4
Ethylcellulose EP 6
Ethylparaben EP 6
Gelatin EP 3
Glucose Monohydrate/Anhydrous EP 3
Glycerin USP 3
Glyceryl Monostearate USP 2
Hydroxyethyl Cellulose EP 4/2
Hydroxypropyl Cellulose USP 4
Hydroxypropyl Cellulose, 
Low Substituted

USP 4

Hydroxypropylmethyl 
Cellulose

JP 6

Hypromellose 
Phthalate

USP 6

Lactose, Anhydrous 
(Rev 2)

USP 6

Lactose, Monohydrate USP 6
Magnesium Stearate USP 5A
Mannitol EP 3
Methylcellulose JP 6
Methylparaben EP 6
Petrolatum USP 4
Petrolatum, White USP 4
Polyethylene Glycol USP 4
Polysorbate 80 EP 4 rev
Povidone JP 6
Propylene Glycol EP 4
Propylparaben EP 6
Saccharin USP 6
Saccharin, Calcium USP 6
Saccharin, Sodium 
(Rev 1)

USP 6

Silicon Dioxide JP 4 rev
Silicon Dioxide, Colloidal JP 4 rev
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Sodium Chloride 
(Rev 2)

EP 6

Sodium Lauryl Sulfate USP 3
Sodium Starch Glycolate 
(Rev 1)

USP 6

Starch, Corn 
(Rev 2)

USP 6

Starch, Potato EP 6
Starch, Pregelatinized JP 3
Starch, Rice EP 6
Starch, Wheat EP 6
Stearic Acid EP 5B
Sucrose EP 4
Sterile Water for Injection in Containers USP 3
Talc EP 6
Titanium Dioxide JP 5A2

Table 2. Status of Harmonization—General Chapters

Chapter Title
Coordinating 
Pharmacopeia

Harmonization
Stage

Amino Acid Determination USP 6
Bacterial Endotoxins 
(Rev 1)

JP 4 rev

Bulk Density and Tapped 
Density

EP 5A2

Conductivity EP 2
Color (Instrumental 
Method)

EP 3

Density of Solids EP 5B
Disintegration USP 6
Dissolution 
(Rev 1)

USP 6

Capillary Electrophoresis EP 6
Polyacrylamide Gel 
Electrophoresis

EP 6

Extractable Volume 
(Rev 1)

EP 6

Heavy Metals USP 3
Inhalation EP 4
Isoelectric Focusing EP 6
Laser Diffraction Measure of Particle Size EP 4
Limits for Nonsterile Products EP 6
Microbial Contamination EP 6
Tests for Specified Microorganisms EP 6
Microbial Enumeration EP 6
Optical Microscopy USP 6
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Particle Size Distribution Estimation by Analytical
Sieving (Rev 1)

USP 5B

Particulate Contamination (Rev 1) EP 6
Peptide Mapping USP 6
Porosimetry by Mercury 
Intrusion

EP 4

Powder Fineness USP 5A
Powder Flow USP 6
Protein Determination USP 6
Residue on Ignition 
(Rev 2)

JP 6

Specific Surface Area EP 6
Sterility Tests EP 6
Tablet Friability USP 6
Thermal Behavior of Powders EP 3
Uniformity of Content/Mass USP 6
Uniformity of Delivered 
Dose of Inhalations

EP 2

Water-Solid Interaction EP 3
X-Ray Powder 
Diffraction

EP 4

GLOSSARY

Harmonized monograph or general chapter—Text that has reached Stage 5B and that has
been countersigned by the three PDG pharmacopeias.

Total harmonization—A monograph or a general chapter that is identical in the three PDG
pharmacopeias in terms of identical tests, test procedures, and acceptance criteria.

Harmonization by attributes—A monograph or a general chapter that contains a combination of
harmonized and nonharmonized tests or sections.

Interchangeability—A test or a section of a monograph or a general chapter that is not the
same among the PDG pharmacopeias, but the accept/reject decision is the same regardless of
which one of the tests or sections of the PDG pharmacopeia is used.

Local or national divergence—A monograph or a general chapter in one of the PDG
pharmacopeias contains specific attributes of local or national origin in addition to the PDG
harmonized/nonharmonized attributes.

Nonharmonized attributes—Attributes that could not be agreed upon by the three PDG
pharmacopeias because of regional differences, regulatory differences, nonavailability of
reagents, etc.

APPENDIX

Example

PF 39(5): Sep.-Oct. 2013 268



Pharmacopeial Discussion Group

Sign-Off Document

Name: __________

Attributes EP JP USP

1 + + +
2 + + –
3 + + +
4 + + +
5 + + +
6 + + +
7 + – +
8 + + +
9 + + +
10 + – +
11 + + +

Legend:+ will adopt and implement; – will not stipulate

Nonharmonized attributes:

Reagents and reference materials:Each pharmacopeia will adapt the text to take account of
local reference materials and reagent specifications.

Date:

Signatures:European Pharmacopoeia Japanese Pharmacopoeia United States Pharmacopeia

BRIEFING

1663  Assessment of Extractables Associated with Pharmaceutical
Packaging/Delivery Systems. In the 2010–2015 cycle, the Packaging, Storage, and
Distribution Expert Committee determined the need to update general chapters that focus on
the quality of the packaging systems used to store drug products. The Expert Committee's
initial focus was on the final packaging systems; however, it has been extended to include
packaging systems components and their materials of construction.

The suitability of a pharmaceutical packaging system for a drug product can be assessed by
extractables and leachables testing. Out of these characterization studies, specific controls for
a packaging system, its components, or its materials of construction can be established. The

suite of general chapters for packaging systems begins with Plastic Materials of Construction 

661.1 , which is used to characterize the materials of construction, and Plastic Packaging

Systems for Pharmaceutical Use 661.2 , which is used to characterize the final packaging
system and/or component. Other chapters that will be proposed in the future will address the
characterization of plastic materials used in the manufacturing process and medical devices,

Plastic Systems Used for Manufacturing Pharmaceutical Products 661.3  and Plastic Medical

Devices Used to Deliver or Administer Pharmaceutical Products 661.4 .

2S (USP37)
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As part of this continuation, the Packaging, Storage, and Distribution Expert Committee is
proposing Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery

Systems 1663 , which presents a framework for the design, justification, and execution of
an extractables assessment for pharmaceutical packaging and delivery systems. A workshop will
be held on December 9 and 10, 2013, at USP in Rockville, Maryland to discuss comments on the
suite of packaging general chapters and potential future revisions.

(GCPS: D. Hunt.)
Correspondence Number—C126512

Comment deadline: November 30, 2013

Add the following:

1663  ASSESSMENT OF EXTRACTABLES ASSOCIATED WITH PHARMACEUTICAL
PACKAGING/DELIVERY SYSTEMS

PURPOSE

This general information chapter presents a framework for the design, justification, and
execution of an extractables assessment for pharmaceutical packaging and delivery systems.
The chapter establishes critical dimensions of an extractables assessment and discusses
practical and technical aspects of each dimension. Although intended to be helpful and
generally applicable, the chapter is for informational purposes and does not establish specific
extraction conditions, analytical procedures, or mandatory extractables specifications and
acceptance criteria for particular packaging and delivery systems or dosage forms; nor does it
delineate every situation in which an extractables assessment is required. It is not possible for
a general discussion of extractables to anticipate and cover all situations where an
extractables assessment might be required. Designing an individual extractables assessment is a
process that balances sound science, prudent resource allocation, and effective risk
management. Achieving this balance is the responsibility and obligation of the drug product
manufacturer and assumes due consideration of all applicable legal and regulatory requirements.
The principles and best demonstrated practices outlined in this general chapter represent a
consensus interpretation of sound science and can therefore be applied to any situation in
which an extractables assessment is required for pharmaceutical application.

KEY TERMS

This general chapter uses the following key terms listed below (1, 2; also see Packaging and

Storage Requirements 659 ). Note that the terms Packaging System, Packaging Component,
Primary Packaging Component, Secondary Packaging Component, and Materials of

Construction are also defined in 659 , and the definitions below are intended for clarification
purposes within the context of this chapter and are not intended to supersede those provided

in 659 . 
Packaging Systems are the sum of packaging components that together contain, protect, and
in certain cases deliver the dosage form. Packaging systems are also referred to as Container
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Closure Systems. 
Packaging Components are single parts of a packaging system. Each individual packaging
component has a particular function within the context of containing, protecting, and delivering
the dosage form. An individual packaging component can be Primary, meaning that it is or may
be in direct contact with the dosage form; or Secondary, meaning that it is not or will not be in
direct contact with the dosage form but may provide additional protection. Packaging
components are considered to be Tertiary if they are not in direct contact with the dosage
form but facilitate handling and transport in order to prevent damage from physical handling and
storage conditions to which the dosage form is subjected. 
Packaging Materials of Construction are substances used to manufacture packaging
components. These are also referred to as Raw Materials. 
Extractables are organic and inorganic chemical entities that can be released from a
pharmaceutical packaging/delivery system, packaging component, or packaging material of
construction under laboratory conditions. Depending on the specific purpose of the extraction
study (discussed below), these laboratory conditions (e.g., solvent, temperature,
stoichiometry, etc.) may accelerate or exaggerate the normal conditions of storage and use for
a packaged dosage form. Extractables themselves, or substances derived from extractables,
have the potential to leach into a drug product under normal conditions of storage and use. 
Leachables are organic and inorganic chemical entities that migrate from a packaging/delivery
system, packaging component, or packaging material of construction into an associated drug
product under normal conditions of storage and use or during accelerated drug product stability
studies. Leachables are typically a subset of extractables or are derived from extractables.
Note that chemical entities can also leach from packaging/delivery systems to patients via
direct contact. 
Extraction Studies are the overall laboratory processes required in order to create extractables
profile(s) of particular pharmaceutical packaging/delivery systems, packaging components, or
materials of construction. Extraction studies are also referred to as Controlled Extraction
Studies. 
Characterization is the discovery, identification, and quantitation of each individual organic and
inorganic chemical entity present in an extract above a specified level or threshold. Such
thresholds can be based on patient safety considerations, materials considerations, the
capabilities of analytical technology, etc. 
Scouting is the process of acquiring general chemical information that provides insight into the
nature and magnitude of extractables. 
Discovery is the process of searching for, and ultimately finding, individual organic and inorganic
chemical entities present in an extract. 
Identification is the process of assigning a molecular structure to an organic extractable, or
assigning constituent elements in the case of an inorganic extractable. 
Quantitation is the process of measuring the level, or concentration, of an individual organic or
inorganic chemical entity contained in an extract. 
Extractables Profiles are qualitative and/or quantitative analytical representations of the
extractables content of a particular extracting medium and set of laboratory extraction
conditions. 
Leachables-Extractables Correlations are established when observed drug product leachables
are linked both qualitatively and quantitatively to extractables from associated
packaging/delivery systems, packaging components, or materials of construction. 
Safety Concern Threshold (SCT) is the threshold below which a leachable has a dose so low
that it presents negligible safety concerns from carcinogenic and noncarcinogenic toxic effects.
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As noted, additional terminology and associated definitions are available (1, 2, and 659 ).

SCOPE

The scientific principles and best-practices described in this general chapter are intended to
apply to any extractables assessment or extraction study of pharmaceutical packaging/delivery
systems, packaging components, or materials of construction; the results of which are intended
for establishing extractables profiles. Extractables profiles can be used in a variety of
pharmaceutical development and manufacturing applications, including the characterization,
selection and qualification of materials of construction, packaging components or
packaging/delivery systems; establishing leachables-extractables correlations; and/or simulating
worst-case drug product leachables profiles. These scientific principles and best practices can
also be applied to materials of construction and functional components of equipment used to
manufacture drug substances and drug products; e.g., filters, tubing, and tanks. In addition,
these principles and best practices can be applied to materials of construction for the medical
device component of a combination product (2), with appropriate consideration of the
guidances and regulations that apply specifically to medical devices. These scientific principles
and best practices apply to all organizations and individuals involved in the manufacture of drug
substances, drug products, and in their stability studies, including but not limited to:

Manufacturers of drug substances and drug products for human and veterinary use
where manufacturing may involve operations at the applicant holder's facilities (i.e.,
facilities that belong to the holder of an approved New Drug Application or Abbreviated
New Drug Application) or at those of a contractor for the applicant holder
Manufacturers of combination products
Packaging operations by the manufacturer or a designated contractor for the
application holder
Repackaging operations in which the drug product may be owned by an organization
other than the primary manufacturer

Manufacturers and fabricators of pharmaceutical packaging/delivery systems, packaging
components, and materials of construction may also apply these scientific principles and best-
practices as appropriate.

BACKGROUND INFORMATION

During the course of manufacturing, packaging, storage, distribution, and administration;
dosage forms and their constituents can contact components and materials of construction of
manufacturing and packaging equipment, and primary and secondary packaging components
and systems. Such contact may result in interactions between the dosage form and these
components and materials. One such interaction is the migration or leaching of substances from
any of these components and materials into the dosage form with subsequent delivery to the
patient during drug administration. Patients also can be directly exposed to substances via
direct contact with the packaging/delivery system during drug administration. Leachables,
which can include both organic and inorganic chemical entities with wide chemical diversity, are
of concern due to their potential safety risk to patients and potential compatibility risks for the
drug product (e.g., drug substance interaction/degradation, pH change, appearance change,
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particle formation, protein aggregation/structure change, etc.). In order to assess these risks
and manage the potential issues posed by leachables, it is necessary to know the identities and
the levels to which leachables will accumulate in the finished drug product over its shelf-life.
These two pieces of information can be used to establish the magnitude of patient exposure
(dose) and therefore the safety risk posed by an individual leachable, as well as the likelihood
of any compatibility issues involving the drug product. 
Regulatory guidelines and various best-practice recommendations all state that assessment of
the potential impact of contact between a component or material and a final dosage form
involves testing the final dosage form for leachables. This assessment therefore includes a
migration or leachables study whose purpose is to discover, identify, and quantitate leachables
that have migrated from the contacted system, components or materials and accumulated in
the dosage form. There are many science-based and practical reasons why such a leachables
assessment cannot stand alone as the single means of assessment. Since the pharmaceutical
packaging/delivery system is the primary source of potential leachables, it is appropriate that
any leachables assessment be preceded by an extractables assessment performed on the
packaging/delivery system, its primary and certain critical secondary packaging components,
and/or packaging and delivery system materials of construction; consistent with regulatory
guidelines and best-practice recommendations. Such an extractables assessment can also be
performed on particular components and/or materials of construction of manufacturing and
packaging equipment, as well as certain tertiary packaging components, that are deemed of
high leaching potential or have been implicated in an identified leachables problem with a
particular drug product. 
Extractables assessments can be used to:

Characterize packaging/delivery systems, packaging components, combination product
medical device components, manufacturing components, and their various materials of
construction
Facilitate the timely development of safe and effective dosage form packaging/delivery
systems, manufacturing systems and processes by assisting in the selection of
components and materials of construction
Understand the effects of various manufacturing processes (e.g., sterilization) on
packaging components and their potential leachables
Establish the worst-case potential leachables profile in a manner which facilitates
leachables studies, the development of leachables specifications and acceptance
criteria (should these be required), and the safety evaluation/qualification of potential
and actual leachables
Establish the worst-case potential leachables profile in a manner which facilitates the
safety evaluation/qualification of probable leachables when it is not scientifically
possible to determine actual leachables
Facilitate the assessment of patient exposure to chemical entities resulting from direct
contact between a patient's body tissue(s) (e.g., mouth, nasal mucosa) and a
packaging or combination product medical device component (e.g., a metered dose
inhaler's plastic actuator/mouthpiece)
Facilitate the establishment of qualitative and quantitative leachables-extractables
correlations
Facilitate the development of extractables specifications and acceptance criteria (if
these are required) for packaging components, combination product medical device
components, and materials of construction
Facilitate investigations into the origin(s) of identified leachables whose presence
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causes out-of-specification results for a marketed product

In these ways, extractables assessments can support Quality by Design principles for the
development and manufacture of pharmaceutical packaging/delivery systems and drug
products. Note that although characterization of packaging/delivery systems and materials is a
goal of many extractables assessments, regulatory guidances and best-practice
recommendations clearly stress that extractables assessments also serve as investigations into
potential leachables (1–6). 
As stated previously, it is not a goal of this chapter to identify each case in which an
extractables assessment is required for packaging/delivery systems, individual packaging
components, or materials of construction for any particular type of dosage form. This is the
responsibility of the sponsor, and assumes appropriate consideration of applicable regulatory
guidance documents. Rather, this chapter addresses the question “If an extractables
assessment is required, what are the scientific principles and best demonstrated practices
under which it should be accomplished?” 
Achieving the objectives of an extractables assessment requires performance of an extraction
study in order to create extractables profiles. An extraction study has two critical dimensions:
laboratory generation of the extract (extraction) and testing the extract (characterization).

GENERATING THE EXTRACT

General Concepts and Critical Experimental Design Parameters

Extractables are derived from a variety of sources and exhibit extensive chemical diversity.
Primary sources of extractables include:

Chemical additives in individual elastomeric/polymeric packaging components and raw
materials, including contaminants in these additives
Monomers and higher molecular weight oligomers derived from incomplete polymerization
Migrants from secondary and tertiary packaging components, such as inks, label
adhesives, and volatiles from cardboard shipping containers, plastic storage bags, and
wooden pallets
Surface residues, such as heavy oils and degreasing agents on metal canisters and
containers
Chemical substances on the surfaces of component fabrication machinery or other drug
product manufacturing systems, such as mold release agents, antistatic and antislip
agents
Chemical additives, monomers/oligomers, contaminants, etc., in various parts of
component fabrication machinery or other drug product manufacturing systems

As noted above, the chemical diversity of extractables is significant. For example, the chemical
additive category antioxidants includes hindered phenols, secondary aromatic amines, hindered
amines, organosulfur compounds, organophosphorus compounds, and other chemical classes. 
Extraction is a process of treating a material with a solvent to remove soluble substances.
Extraction is a complex process influenced by time, temperature, surface area to volume ratio
(i.e., stoichiometry), extraction medium, and the phase equilibrium of the material (3). There
are two reasons why an extraction study is the necessary and appropriate means of
accomplishing the various objectives of an extractables assessment. First, there is no other
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viable analytical alternative. Characterizing a material for potential leachables in its natural solid
state is a goal of modern analytical chemistry rather than an accomplishment. Second, even if
a direct characterization could be accomplished, it would at best only establish the identities
and levels of chemical entities present in the material, and not assess the leaching
characteristics of these chemical entities. A compositional assessment does not take into
account any chemical reactions that can alter the molecular structures of potential leachables
over the dosage form's lifecycle. For example, in the case of phenolic antioxidants that are
leached by an aqueous drug product, hydrolysis and oxidation products can accumulate in the
drug product. The only viable means for producing data related to leaching is to use a process
such as laboratory extraction that is mechanistically similar to leaching. 
The design of an extraction study is dictated by the purpose of the extractables assessment
and the question(s) being asked, as well as the available information regarding the chemical
composition of the test article(s) to be extracted. Extraction studies can be designed to
answer questions such as:

What are the chemical additives in a particular packaging component or material of
construction?
What are the maximum accumulations of chemical additives from a particular packaging
component into the dosage form?
What are the likely contents of an end-of-shelf-life drug product leachables profile?

Addressing each of these questions requires a particular set of parameters, such as extraction
time, extraction temperature, extracting solvent, extraction technique, sample surface area to
extracting solvent volume ratio, etc. Clearly, the intent of the extractables assessment must
be established before the study design is finalized. For example, if the purpose of the extraction
study is to simulate a worst-case leachables profile, then the study can be termed a simulation
study that should produce an extract that:

Contains all the substances (extractables) that could leach into the final product at
levels considered potentially significant
Contains these extractables at concentrations that are greater than or equal to the
maximum concentration that these chemical entities will accumulate in the drug product
as leachables at any time during the shelf-life
Is generated more efficiently and in less time than that required for a drug product
leachables study
Is amenable to chemical analysis

The means by which an extraction process is accomplished are reflected in the juxtaposition of
several experimental parameters including:

The chemical nature of the extracting media
The time duration of the extraction process
The temperature at which the extraction is performed
The stoichiometry of the extraction process (extracted surface area per unit volume of
extracting solution)
The mechanism or process by which the extraction is accomplished

Extraction processes have been described as “accelerated”, “aggressive”, “exhaustive”,
“vigorous”, “harsh”, and so on, and for medical device studies certain of these terms have been
defined (7). In general, extraction processes should allow completion in a reasonable time frame
but should not be so aggressive that they alter the qualitative and/or quantitative nature of

PF 39(5): Sep.-Oct. 2013 275



the resulting extractables profile. The most aggressive extraction conditions are reserved for
the quantitative determination of chemical additive contents in components and materials.
Because such studies are intended to quantitate specific known chemical additives and not to
simulate a drug product leachables profile, it is acceptable to use extraction conditions which
disrupt or dissolve the component or material being extracted, and thus to alter the resulting
extractables profile, while recovering the target additive(s) without loss or chemical
decomposition.

Chemical Nature of the Extracting Medium

Of all the parameters involved in generating the extract, the extracting medium is the most
critical because it is the extracting medium that accomplishes the extraction, and all other
parameters merely facilitate the extraction. Establishing and justifying the extracting medium
(or media) is both straightforward strategically and complex tactically. Strategically, if the
purpose of a particular extraction study is, for example, to simulate a worst-case leachables
profile, then the ideal situation is for the extracting solvent to have a similar or greater
propensity to extract substances as the formulation, thus obtaining a similar qualitative and
quantitative extractables profile. This is clearly stated in regulatory guidances and best
practice recommendations (1, 4–6). Therefore, the most logical tactic for this simulation study
is to use the formulation itself as the extracting medium and in the absence of complicating
factors, such an approach is recommended. However, in certain cases the use of the
formulation as an extracting medium complicates extract characterization to such an extent
that it is impractical. The various guidances and recommendations suggest that if the use of
the drug product as the extracting solvent is not feasible, then the drug product vehicle, or
placebo, could be used as an effective extracting medium. This recommendation is derived from
the fact that the drug substance itself does not typically create the “leaching power” of a drug
product but rather that it is the formulation's ingredients (drug product vehicle) that establish
the drug product's ability to leach substances from a contacted material. 
When circumstances require that an extraction study must be accomplished with a simulating
solvent(s), it is necessary to establish and justify the composition of these solvents. In order
to accomplish this objective, one must consider all the physicochemical characteristics of a
formulation and/or simulating solvent that influence its “extracting power”. In certain
circumstances, the formulation is sufficiently simple that the critical characteristics can be
readily delineated and simulated. For example, the extracting power of polar aqueous drug
products consisting of soluble ingredients (such as an injectable with a drug substance,
buffers, and diluent) is, for organic extractables, driven primarily by drug product pH. In such a
circumstance, simulating the drug product pH with an analytically viable buffer system for the
extraction study may be appropriate and justifiable. For inorganic extractables, utilization of a
simulating solvent having similar metal-chelating properties as the drug product vehicle may
also be appropriate and justifiable. It may also be the case that largely non-polar drug products
can be readily simulated with analytically expedient organic solvents. For example,
chlorofluorocarbon and hydrofluoroalkane propellants used in metered dose inhalers (MDIs) can
be simulated with dichloromethane as an extracting solvent and isopropanol can be used to
simulate ethanol, a common co-solvent in MDI formulations. 
Many drug products are compositionally intermediate between the polar and nonpolar examples
just discussed. Examples of such products include “aqueous” drug products that contain
stabilizers, solubilizing agents, chelating agents and buffers, lipid-containing products, and
biotechnology products containing proteins, peptides, and blood-derived products. Such
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products have a characteristic polarity which establishes their “extracting power”. Thus, an
appropriate simulating solvent will have a polarity that matches that of the drug product. Binary
mixtures of miscible solvents (such as alcohol/water) have been utilized as simulating solvents
for these types of drugs product. 
It may be that a single simulating solvent cannot be established and justified for a specific drug
product, or that the focus of the extractables assessment is a material or system that will be
characterized for use with multiple, compositionally diverse drug products. In such
circumstances, the drug product's ability to leach chemical entities from a packaging system
can be established based on the use of multiple extracting solvents, each of which addresses
one (or more) of the extracting “mechanisms” that are relevant to the drug product (or drug
products) under investigation. The use of multiple solvents is consistent with industry-driven
best-practice recommendations for drug products that have a relatively high risk of dosage
form interaction with the packaging system and a relatively high safety risk relative to the
route of administration (e.g., inhalation aerosols and solutions, injectables and injectable
suspensions) (1). Therefore, the use of multiple solvents (or extracting media) with different
polarities, or extracting powers, is recommended for high risk dosage form packaging system
components and materials requiring extraction studies in order to simulate a drug product
leachables profiles (see Table 1).

Table 1. Possible Extracting Media Relative to Particular Packaging Components

Packaging Component
Possible Extracting

Mediaa

MDI valve elastomer seal (MDI formulation contains 1,1,1,2-
tetrafluoroethane and ethanol)

Dichloromethane
Isopropanol
Hexaneb

Dry powder inhaler mouthpiece
Water (pH 7)
Isopropanolc

Small-volume parenteral vial rubber stopper (aqueous formulation
buffered at pH 6.5)

Water (pH 5.2)
Water (pH 9.5)
Isopropanol:water
(50:50)d

Large-volume parenteral plastic bag (aqueous formulation buffered at
pH 7.2)

Water (pH 5.2)
Water (pH 9.5)
Isopropanol:water
(50:50)d

a  The possibilities listed in Table 1 are provided for example only and should not be
interpreted as standard practice recommendations. 
b  These extraction media reflect the varying polarities of the organic solvents used in MDI
formulations. 
c  These extraction media reflect both the hydrophilic and lipophilic character of human saliva
and allow materials characterization. 
d  These extraction media reflect the chemical nature of the formulation. Using media whose
pH range encompasses, and slightly exceeds, the pH limits of the product addresses the
potential effect of pH on the extractables profile. The use of an aqueous mixture containing an
organic solvent takes into account the possible presence of formulation additives such as
solubilizing agents that can influence the leaching power of the formulation. The specific
organic solvent used and its proportion in the extracting medium depends on the specific
chemical nature of the formulation and on practical issues associated with testing the extract.
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If the goal of an extractables assessment is materials characterization, then simulating a drug
product vehicle is both unnecessary and undesirable since these goals require qualitatively and
quantitatively efficient extractions. Such extractions generally are only achieved with relatively
powerful organic solvent systems capable of softening, swelling, or dissolving the material's
polymer matrix and releasing quantitative levels of additives and other chemical entities.

Extraction Time and Temperature

Extraction time and temperature are critical factors in the extraction process. Although the
nature of the extraction solvent establishes the magnitude of the extraction (i.e., the amount
of substances that can be extracted from a material at equilibrium), the combination of
extraction time and temperature establishes the magnitude of the driving force and the degree
to which equilibrium is actually achieved. In a simulating extraction study the purpose of
elevated temperature is to increase the extraction rate, so that a short experimental time may
simulate longer leaching times (1, 5–9). 
Because extraction is a diffusion process, the relationship between the diffusion rate and
temperature can be expressed empirically by the Arrhenius equation. The mathematics involved
in a process that is driven by Arrhenius kinetics have been established in ASTM F1980-07
(2011) Standard Guide for Accelerated Aging of Sterile Barrier Systems for Medical Devices
(10), which is a useful guide for establishing accelerated contact conditions. As with all such
models, the proper use of this model requires an understanding of the model's basis and
essential principles, assumptions, and limitations (2). 
Extractables profiles obtained with a given extracting medium and extraction technique can and
should be monitored for equilibrium or the attainment of asymptotic levels of extractables (see
Figure 1).
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Figure 1. A graphical representation of an extraction that has attained equilibrium as indicated
by the achievement of asymptotic levels of target individual extractables as a function of
extraction time (i.e., GC/MS peak area ratios of target extractables relative to an internal

standard plotted versus extraction time).

Extraction Stoichiometry

Extraction stoichiometry considers the physical mass of the test article relative to the volume
of the extracting medium, and the actual physical state of the material when it is extracted.
Extraction stoichiometry can be manipulated to facilitate production of a more concentrated
extract. For example, an extractables profile for an injection vial rubber stopper can be
produced by extracting 20 stoppers in 200 mL of extracting solvent. Another aspect of
extraction stoichiometry is the physical state of the test article. It is not uncommon that
components or materials are cut, opened, ground, or otherwise altered in size or configuration
prior to being extracted. For inhomogeneous or layered materials such as film laminates, the
process of cutting or grinding prior to extraction may alter the extractables profile as it may
provide a means for the extracting solvent to come into contact with (and thus more
effectively extract) materials (layers) that are shielded from contact with the solution under
normal conditions of use. One can argue that the use of such sized material further facilitates
the extraction process, however it is possible for sizing to reveal extractables that might not
appear as leachables. Nevertheless, some sizing of components or materials before extraction
can be useful in certain situations and for certain purposes, including: (a) reducing sample-to-
sample variability by the consistent preparation of ground homogeneous polymeric material; (b)
reducing the sizes of large packaging components to allow use of standard laboratory glassware
for extraction studies; (c) increasing the surface area of a packaging component or material
test article (e.g., via extruding, pressing, or grinding) in order to increase extraction efficiency. 
For extractables assessments involving components or materials whose chemical ingredients are
known based on information from the supplier or fabricator, analysts can manipulate extraction
stoichiometry based on the known levels of chemical additives and the known sensitivity of the
analytical technique(s) that will be used to characterize the extract. For example, consider the
formulation for a peroxide-cured ethylene-propylene-diene-monomer (i.e., EPDM) gasket from
an MDI valve shown in Table 2.

Table 2. Ingredients in a Peroxide Cured Rubber Gasket Test Article

Elastomer Ingredient
Amount 

(Nominal)

EPDM polymer 64.0%
Mineral fillers (may include stearic acid) 34.4%
Antioxidant 1: (butylated hydroxytoluene) 0.3%
Antioxidant 2: (2,2¢-methylene-bis-[6-(1,1-dimethylethyl)-4-methyl] phenol) 0.3%
Peroxide curing agent 1.0%

Such information is often available from component and material suppliers, and can be useful in
designing an extraction study. 
Analysts can also base the extraction stoichiometry on established safety thresholds for
leachables. For example, an exposure of 0.15 µg/day total daily intake for an individual organic
leachable has been proposed as an SCT for inhalation drug products, also termed orally inhaled
and nasal drug products (5). Leachables present at or above the SCT, in an MDI for example,

PF 39(5): Sep.-Oct. 2013 279



should be analytically and toxicologically evaluated, suggesting that extractables assessment
also should be guided with the SCT in mind. 
In summary, extraction stoichiometry (and thus the “sensitivity” of an extraction study) can be
based on:

The known chemical ingredients in a component or material
Safety-based thresholds for drug product leachables
The known or determined sensitivities of analytical instrumentation used for extract
characterization

Mechanism of Extraction—Extraction Technique

An extraction can be accomplished in a variety of ways. It is necessary that the means of
performing the extraction match the objectives of the extractables assessment. Common
laboratory extraction techniques include:

Maceration (solvent soaking)—in which the test article is allowed to soak for a period of
time in an organic or aqueous extracting solvent at temperatures below the solvent's
boiling point. Analysts can also fill packaging system units with extracting solvent and
store them at relevant temperatures.
Reflux—in which the test article is immersed in boiling solvent for a period of time.
Soxhlet— in which the test article is placed in the “thimble” of a Soxhlet extraction
apparatus that is slowly filled with redistilled solvent from a boiling flask/condenser
system; and periodically, the extracting solvent (containing extractables) is siphoned
back into the boiling flask and the process begins again (for as many times as required
to attain equilibrium).
Sealed vessel—in which the test article and extracting solvent are sealed inside a
container capable of withstanding elevated temperatures and pressures, placed into a
laboratory autoclave and heated with steam for a period of time.
Instrument-based solvent extraction—in which the test article is placed inside a sealed
apparatus and extracted in an automated cycle; examples include pressurized fluid
extraction, microwave-assisted extraction, and supercritical fluid extraction.
Sonication—in which the test article and extracting solvent are placed into a glass
container and partly immersed in water inside an ultrasonic bath.

Each of these extraction mechanisms/techniques has its own unique advantages and
limitations. For example, reflux extraction is very efficient but is particularly harsh and can lead
to thermal decomposition of certain organic extractables; the extracting power of sonication
can be difficult to control; and because of its relatively high boiling point, water performs poorly
in reflux and Soxhlet but well in a sealed vessel. 
If the goal of the extractables assessment is identification and quantitation of the chemical
additive content of a component or material, it is typical to use extraction techniques and
processes that soften, swell, or dissolve (or in the case of inorganic extractables, digest) the
component or material, thereby releasing quantitative amounts of chemical additives for
analysis.

Extractions That are Not Solvent Mediated

Not all drug product or material-contact situations are solution-mediated and not all issues
related to leaching of material-derived entities involve a solution phase. For example, doses of

PF 39(5): Sep.-Oct. 2013 280



inhalation powder contained in a capsule or blister pack for use in a dry powder inhaler could be
contaminated by volatiles leached from the capsule or blister material, or by specialty surface
additives such as mold-release agents; a solid oral dosage form could be contaminated by
organic chemical entities contained in the adhesive of a paper label affixed to the plastic bottle
that contains the dosage form; and inhalation solutions contained in low-density polyethylene
containers could be contaminated by volatiles from tertiary packaging components such as
wooden shipping pallets. In the latter two cases, chemical entities can migrate through the
plastic containers and volatilize into the airspace, subsequently contaminating the dosage
forms. 
Extraction techniques specifically designed for application to volatile organic compounds are
usually directly coupled to analytical instruments. These extraction techniques include
headspace analysis (as headspace gas chromatography; HD/GC), direct thermal desorption
(usually coupled to gas chromatography; TD/GC), and thermogravimetric analysis (TGA/GC).

CHARACTERIZING THE EXTRACT

Objectives and Challenges

Once an extract has been generated, the next objective is to perform a thorough chemical
characterization. Setting a threshold (as described above), which is a specified level of an
individual extracted chemical entity which requires characterization, can be based on safety
considerations such as the SCT; functional considerations including nominal levels of known
chemical additives in the formulation of an extracted component or material; or technological
considerations such as the known or determined sensitivity of an analytical technology,
instrument, or method. The extract characterization phase of the extraction study must enable
the realization of the overall goals of the extractables assessment. 
The ultimate objective of thorough extract characterization as defined above cannot be
realized in all cases, even when state-of-the-art analytical chemistry is practiced with best
available skill and diligence. It is a reality that there is no analytical technique or combination of
analytical techniques that is capable of the discovery, identification, and quantitation of any
and all organic and inorganic extractable chemical entities known to science. In some cases,
authentic reference compounds for organic extractables may not be available for confirmation
of identifications, or for quantitative instrument calibration. Thus, the practical objective of
extract characterization must therefore be an exercise of due diligence in the discovery,
identification, and quantitation to a reasonable degree of scientific certainty of all individual
extractable chemical entities present in an extract above a specified level or threshold.

Processes Involved in Extract Characterization

1. SCOUTING

The most useful analytical techniques in a scouting exercise are not compound specific, as
they do not provide chemical information specific to the molecular structure of any particular
extractable or chemical class of extractables. These analytical techniques provide information
regarding bulk chemical properties of organic and/or inorganic chemical entities present in an
extract, which can be used to guide extractables discovery, identification, and quantitation.
Scouting analysis is not capable in and of itself of realizing the practical objective of extract
characterization, regardless of which scouting technique or combination of techniques is
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applied. 
Analytical techniques which can be employed for scouting are listed in Table 3, along with the
particular bulk chemical property (and potential utility of this property) available from each
technique. Some examples of the utility of scouting include the following:

Significant levels of non-volatile residue determined by gravimetric analysis could
suggest the presence of significant levels of inorganic chemical entities in the extract.
This suggestion would be reinforced if significant mass remained after ashing the
extracted non-volatile residue (residue on ignition).
Significant UV absorbance of an extract suggests that organic chemical entities are
present which contain UV chromophores within their molecular structure, such as
phenolic antioxidants.
Characteristic features in an infrared spectrum of this extract could provide more
detailed insights into the chemical classes of organic extractables present. These
insights could be used to develop and apply analytical methods for discovery and
identification that would detect the chemical classes of extractables suggested by the
scouting process.
For aqueous extracts, total organic carbon provides a measure of the total amount of
organic extractables present.

Table 3. Survey of Analytical Methods for Extract Analysis

Analytical
Technique

Analytical
Method

Application

Information/UtilityScouting Discovery Identification Quantitation

Spectroscopy
UV X

   Bulk property of UV absorbing organic extractables; semi-quantitative with limited
identification ability

FTIRa X
   

Bulk property of IR absorbing organic extractables, moderate identification ability

Wet Chemical
NVRb, ROIc X

   Bulk property reflecting total amount of non-volatile organic and/or inorganic
extractables

pH X    Bulk property of acidic or basic extractables

TOCd X
   

Quantitative measure of organic extractables

Gas 
Chromatography FIDe  

X X X
Discovery and quantitative assessment of individual organic extractables; note
that qualitative identification is possible

MS
 

X X X
Discovery, identification, and quantitation of individual organic extractables; note
that identification can be either qualitative or structural

FTIRa
 

X X

 Discovery and identification of individual organic extractables; note that FTIR has
limitations relative to structural analysis (however identification via qualitative
analysis is possible)

Liquid 
Chromatography UV, CADf ,

and ELSDg

 

X

 

X

Discovery and quantitative assessment of individual organic extractables; note
that identification via qualitative analysis is possible and that Diode Array UV
detectors can assist with structural analysis

MS

 

X X X

Discovery, identification, and quantitation of individual organic extractables; note
that identification can be by either qualitative or structural and that ionization
sources with different selectivities are available

FTIRa
 

X X

 Discovery and identification of individual organic extractables; note that FTIR has
limitations relative to structural analysis (however identification via qualitative
analysis is possible)

NMRh  
X X

 Identification of individual organic extractables; note that identification can be by
either qualitative or structural

Spectrometry MS   X  Identification of individual organic extractables

NMRh   
X

 
Identification of individual organic extractables

IMSi
 

X X X

Discovery and quantitative assessment of individual organic extractables; note
that various ionization sources are available and that qualitative identification is
possible

Atomic 
Spectroscopy AASj  

X X X

Discovery, identification, and quantitation of individual extracted elements (trace
elements, metals); note that AAS can be applied to only one element at a time.
Identification of the chemical form or speciation of the extracted element may
require additional testing

ICP-AESk  
X X X

ICP/MSl  
X X X
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a  FTIR = Fourier Transform Infrared spectroscopy. 
b  NVR = Nonvolatile Residue. 
c  ROI = Residue on Ignition. 
d  TOC = Total Organic Carbon. 
e  FID = Flame Ionization Detection. Additional GC detectors, such as Thermal Energy Analysis Detector (TEA), may provide greater sensitivity for specific compound classes. 
f  CAD = Charged Aerosol Detector. 
g  ELSD = Evaporative Light Scattering Detector. 
h  NMR = Nuclear Magnetic Resonance spectroscopy. 
i  IMS = Ion Mobility Spectrometry. 
j  AAS = Atomic Absorption Spectroscopy. 
k  ICP-AES = Inductively Coupled Plasma Atomic Emission Spectroscopy. 
l  ICP/MS = Inductively Coupled Plasma Mass Spectrometry. 

The scouting process and scouting analyses are optional for extract characterization. The
utility of scouting is in the guidance it potentially provides for discovery, identification, and
quantitation.

2. DISCOVERY

The process of discovery is accomplished by detecting instrumental responses from the
individual organic and inorganic extractables that are proportional to the levels of these
individual extractables within the extract. It is in the discovery process that analytical
techniques typically associated with trace organic and inorganic analysis are first required for
extract characterization. Trace organic analysis typically involves the use of chromatographic
techniques, particularly gas chromatography (GC) and high-performance liquid chromatography
(HPLC). GC has enormous separating capability for volatile and semi-volatile organic compounds
while HPLC is most applicable to semi-volatile and relatively non-volatile organic compounds,
making the two separation techniques complementary and orthogonal for application to the
significant chemical diversity of extractables. A discussion of the principles of both gas and

liquid chromatography is available in Chromatography 621 . 
The chemical diversity of extractables with respect to polarity and volatility can require
alternative sample introduction techniques or sample modification, particularly for GC. Relatively
volatile extractables like methanol are most amenable to headspace sampling of aqueous-based
extracts into a GC. Organic acids and bases can often be analyzed more effectively by GC after
chemical derivatization, such as methylation or silylation for organic acids. Both GC and HPLC
can employ detection systems with different specificities (Table 3) which take advantage of
unique structural properties of various chemical classes of extractables. 
The analytical techniques useful for organic extractables discovery can also be applied to
identification as well as quantitation. Analytical techniques such as gas chromatography/mass
spectrometry (GC/MS), that are most often applied to identification, can also be used for both
discovery and quantitation (Table 3). Inorganic extractables such as trace elements and metals
are typically discovered, identified, and quantitated by the same suite of analytical techniques,
such as atomic emission spectroscopy. Analytical techniques designed to study inorganic
speciation, particularly in aqueous extracts, are considered beyond the scope of this chapter. 
It is important to state that the overall goals of an extraction study always require the
identities and quantitative amounts of individual organic and inorganic extractables, and so the
mere discovery of extractables does not achieve the ultimate objectives of an extraction
study.

3.IDENTIFICATION

Identification of an extractable can be accomplished either by structural analysis or qualitative
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analysis. Structural analysis is the process by which the molecular structure of an unknown
analyte is elucidated from compound-specific data, and therefore requires compound-specific
detection of the unknown analyte. A compound-specific detector is one that provides
information specific to the molecular structure of the individual unknown analyte (not just its
chemical class). Qualitative analysis is the process by which an unknown analyte is matched
with an authentic reference compound via one or more analytical techniques. The analytical
techniques used for qualitative analysis can, but do not need to be, compound specific. 
The analytical techniques most applicable to structural analysis, and to trace organic analysis
problems in general, involve the combination of chromatography with mass spectrometry. These
are the so-called “hyphenated” techniques of GC/MS and high-performance liquid
chromatography/mass spectrometry (LC/MS). A discussion of the principles of mass

spectrometry (including both GC/MS and LC/MS) is available in Mass Spectrometry 736 . 
Both GC/MS and LC/MS are capable of generating extractables profiles in the form of
chromatograms. However, since LC/MS includes a relatively high chemical background of HPLC
mobile phase ions, it is typical to include a non-destructive UV detector in series with the mass
spectrometer to assist in locating peaks of individual extractables. The compound specific data
available from mass spectrometry include:

The monoisotopic molecular weight of the extractable based on confirmation of the
molecular ion from one or more ionization processes
The molecular formula of the extractable based on accurate mass measurements,
and/or accurate isotope ratio measurements, of the molecular ion
The fragmentation behavior of the extractable based on in-source fragmentation or
tandem mass spectrometry

GC/MS interfaced with electron ionization produces mass spectra which can be searched
through computerized databases, or libraries, of mass spectra from known compounds. Note
that searchable mass spectra are generally unavailable for LC/MS ionization processes because
of the variable nature of such spectra over time and between various instruments and
laboratories. Both GC/MS and LC/MS also include the retention time (or retention index) of the
unknown extractable which can be compared with that of authentic reference compounds. 
Given the number and chemical diversity of organic extractables, it is unreasonable to expect
that authentic reference compounds will be available (or can be made available) to confirm
every identification. It is therefore necessary that levels of identification confidence be
established and appropriately utilized. Data typically available from GC/MS and LC/MS analyses
(see A through E below) are used to designate individual extractables identifications in the
categories of Confirmed, Confident, or Tentative (2, 5):

a. Mass spectrometric fragmentation behavior
b. Confirmation of molecular weight
c. Confirmation of elemental composition
d. Mass spectrum matches automated library or literature spectrum
e. Mass spectrum and chromatographic retention index match authentic reference

compound
A Confirmed identification means that A, B (or C), and D (or E) have been fulfilled.
A Confident identification means that sufficient data to preclude all but the most closely
related structures have been obtained. The combination of D with any of A, B, or C can
be used to provide a confident identification.
A Tentative identification means that data have been obtained that are consistent with
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a class of molecule only.

Although these identification categories are based on mass spectrometry, it is possible to use
data from other analytical techniques to assist in extractables identification. Such techniques
include GC/FTIR (Fourier Transform Infrared Spectroscopy) and LC/NMR (Nuclear Magnetic
Resonance Spectroscopy). These and potentially other analytical techniques are capable of
producing compound-specific data which are complementary to mass spectrometry. 
The level of identification required for any individual extractable depends on the intended use of
that identification. It is up to the organization responsible for the extraction study to determine
this after appropriate consideration of applicable regulatory guidances. 
Since the list of potential inorganic extractables, such as trace elements and metals, is finite
compared with the population of organic extractables, identification and quantitative analysis
for inorganic extractables are achieved simultaneously. While elemental analysis is relatively
straightforward, it is not without its challenges. The issue of false positive responses and
spectral or mass interference must be addressed in order for identifications based on atomic
spectroscopy to be rigorous and accurate. It is also noted that elemental analysis provides
element-specific identifications and quantitations, and not the chemical speciation of the
extractable. Thus, interpretation of the impact of the elemental results may require further
studies, such as detailed chemical speciation of elements deemed of significance. For example,
while finding sulfur in an extract by atomic spectroscopy is an important outcome, the safety
impact of this finding cannot be ascertained until the speciation of the sulfur is established.
The safety impact of sulfur as elemental sulfur is potentially much different than that of sulfur
as sulfate.

4. QUANTITATION

Quantitation is typically based on the instrumental response of an individual extractable relative
to an authentic reference compound, and therefore requires that individual extractables be
separated (either directly with chromatography or indirectly with selective detection) and
produce detector responses that are directly proportional to the level (or concentration) of the
extractable in a given extract. Calibration of an analytical system is accomplished by analysis of
authentic reference compounds (external standards). One or more internal standards can also
be included in both the extract and reference calibration solutions to increase accuracy and
precision. The levels of extractables for which authentic reference compounds are not available
can be estimated using their responses (or response factors) relative to internal standards, or
other surrogate reference compounds of similar molecular structure. While such an analytical
process can provide reliably accurate concentration estimates, diligence must be exercised in
terms of establishing and justifying the choice and use of internal standards. Criteria for the
selection of appropriate internal standards have been described (2, 5).

Preparation of Extracts for Analysis

Extracts can often by analyzed directly without significant preparation or concentration. Many
organic solvent extracts (e.g., dichloromethane, ethyl acetate, hexane) can be directly
injected into a gas chromatograph, while others (e.g., methanol, ethanol, isopropanol) are
either too reactive in the heated GC injection port or too high boiling. Organic solvent extracts
with inappropriate physical/chemical properties for direct analysis by GC can be switched to
more appropriate solvents. Certain extractables, such as fatty acids (e.g., palmitic acid, stearic
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acid) perform better in gas chromatographic analysis when they are derivatized to either methyl
esters or trimethylsilyl esters. 
It is usually considered inappropriate to directly analyze aqueous extracts by gas
chromatography, due to the reactivity and high boiling point of water. In addition, pH-buffered
aqueous extracts contain nonvolatile salts which are not suitable for GC injection. Aqueous
extracts are typically back extracted with an organic solvent to remove organic extractables
from the water, with the resulting organic extract being injected into the GC. Unlike GC, liquid
chromatography (HPLC, LC/MS) is perfectly suited to the direct analysis of aqueous extracts,
since most HPLC methods include water and water-miscible mobile phases. Water-immiscible
organic solvents (e.g., hexane) cannot be injected onto these reversed-phase HPLC systems,
so these must be dried and the resulting extractable residue taken up in a solvent suitable for
HPLC (e.g., acetonitrile, methanol, or mixtures of these with water). 
Organic or aqueous extracts with insufficient levels of extractables for analysis can be
concentrated by various techniques. Many organic solvents can be dried down under inert gas,
a rotary evaporator, or a Kuderna-Danish concentrator. Aqueous extracts can be lyophilized,
concentrated under vacuum, or back extracted into an organic solvent which is then further
concentrated. 
The final concentration at which an extract is analyzed depends on the goal(s) of the
extractables assessment and the inherent sensitivities of the analytical techniques applied. A
good “rule of thumb” is that in order to accomplish a complete structural analysis of an
unknown extractable, a GC/MS requires approximately 5 ng injected into the instrument. This
suggests a concentration in the injected extract of 5 ng/µL or 5 µg/mL. In a 200-mL
dichloromethane extract, this converts to a total of 1 mg of this particular extractable
recovered from the extracted test article. If this analyte concentration is insufficient to meet
the goal of the extractables assessment, then the following parameters can be optimized:

Extraction stoichiometry (i.e., extract more material or use more extracting solvent)
Extraction conditions (i.e., use higher temperatures, longer times, solvents with greater
extraction power, more aggressive extraction technique, etc.)
Extract processing (i.e., concentration of the extract)

SUMMARY

Assessing the Completeness of an Extractables Assessment

The completeness of an extractables assessment can only be judged against the overall goals
of the assessment. For example, an extractables assessment accomplished solely for materials
characterization might include one extracting solvent, one extraction technique, and one set of
extraction conditions; along with a materials-based threshold (e.g., 10 ppm w/w). Such an
extractables assessment might be considered complete if all extractables above the defined
threshold were identified to the confident level (defined above) and quantitated. For an
extractables assessment designed to establish a rigorous leachables-extractables correlation
for a high risk drug product, where a challenging safety threshold might apply (e.g., 0.15
µg/day; see reference 5), good scientific practice and due diligence requires the following:

Generation of extracts should be accomplished with

1. Multiple solvents or extracting media with varying extracting power based on the
known extracting power of the drug product vehicle;
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2. Multiple and complementary extraction techniques, including those with the
capability for volatiles analysis;

3. Extraction conditions that allow equilibrium to be achieved.

Characterization of extracts should use

1. Multiple and complementary analytical techniques;
2. Careful sample preparation, keeping the analytical technique(s) in mind;
3. A systematic process for identification and quantitation of extractables.

In this case, the extractables assessment might be considered complete if all extractables
above the defined threshold were identified to at least the confident level, quantitated, and
correlated both qualitatively and quantitatively with drug product leachables data (if available)
and the known ingredients in the packaging system, packaging component(s), or material(s) of
construction. 
It should be noted that limited extractables assessments with relatively narrow goals can be
accomplished to required completeness with a relatively focused effort. For example, extraction
studies designed to quantitate the levels of specific chemical additives in specific packaging
components/materials can be done with specified extraction parameters and analytical methods

(see Containers—Plastics 661 ). The reader is also referred to various sources which
describe extractables assessments and extraction studies for pharmaceutical applications (2, 5,
6), as well as other general sources which refer to extractables assessments for medical
devices (9) and food contact (11). 
Reference is also made to compendial chapters in this Pharmacopeia which include extraction
studies with specific goals and purposes:

1. Biological Reactivity Tests, In Vitro 87

2. Biological Reactivity Tests, In Vivo 88

3. Elastomeric Closures for Injection 381

4. Containers—Plastics 661

Example Extractables Profiles—Materials Characterization

As stated previously, extraction studies are usually designed to produce extractables profiles,
which are qualitative and/or quantitative analytical representations of the extractables content
of a particular extracting medium. Extractables profiles are commonly produced by analysis of
laboratory extracts by instrumental chromatographic techniques. Figure 2 and Figure 3 show
example extractables profiles (GC/MS and HPLC/UV, respectively) from a hexane Soxhlet
extract of a cyclic olefin copolymer (COC) material of construction (12). COC materials are used
in the fabrication of pre-filled syringes, vials for small-volume parenterals, and bags for large-
volume parenterals. The extracts were generated by subjecting approximately 5 g of suitably
sized material to 16 hours of Soxhlet extraction with 125 mL of hexane. The resulting extract
was spiked with internal standards (details not relevant to this discussion) and was analyzed
directly by GC/MS (see Table 4). For HPLC/UV analysis, an aliquot of the hexane extract was
reduced in volume and diluted with methanol prior to analysis (see Table 5). Since the purpose
of this extractables assessment was materials characterization, extraction study parameters
were adjusted relative to an extractables identification threshold of 10 ppm (µg/g).
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Figure 2. GC/MS chromatogram (extractables profile) for a hexane Soxhlet extract of a cyclic
olefin copolymer (12). Internal standards (IS) producing peaks in this chromatogram include: 2-

Fluorobiphenyl at 10.7 min, Irganox 415 at 22.0 min, and Bisphenol M at 23.0 min. Numbered
peaks represent identified extractables above the materials-based threshold.

Figure 3. HPLC/UV Chromatograms (  = 220 nm; extractables profile) for a hexane Soxhlet
extract of a cyclic olefin copolymer (12). Internal standards (IS) producing peaks in this

chromatogram include: Bisphenol M at 7.6 min, 2-Fluorobiphenyl at 7.8 min, and Irganox 415 at
8.7 min. The major peak in this extractables profile above the materials-based threshold is the

known additive (antioxidant) Irganox 1010 (Peak 2).

Table 4. Operating Parameters, GC/MS Analysis of the Hexane COC Soxhlet Extract (12)
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Operating
Parameter Operating Value

Column J&W DB-5HT, 30-m × 0.25-mm, 0.25 µm film thickness

Oven Program Start at 50 , hold for 1 min; ramp at 12 /min to 315 , hold for 16 min
Carrier Gas He at 1.2 mL/min
Injection Split (1:5); 1 µL

Injector Temperature 300
FID Detector
Temperature N/A
MS Transfer Line
Temperature 180

MS Detection Details
70 eV (+) EI (electron ionization), mass range of 33–650 amu (3.0-

min solvent delay)

Table 5. Operating Parameters, HPLC/UV Analysis of the Hexane COC Soxhlet Extract
(12)

Operating
Parameter Operating Value

Column Agilent Zorbax Eclipse Plus C18, 100- × 3.0-mm, 3.5-µm particles

Column Temperature 40 –50
Mobile Phase
Components A = 10 mM ammonium acetate, B = acetonitrile

Mobile Phase Gradient

Time %B
0.0 5.0
8.4 100.0
35.0 100.0
36.0 5.0
39.0 5.0

Mobile Phase Flow Rate 0.8 mL/min
Sample Size 10–50 µL

Detection, UV
205–300 nm; spectra recorded at  = 210, 220, 230, 250, and 270

nm
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BRIEFING

1664  Assessment of Drug Product Leachables Associated with Pharmaceutical
Packaging/Delivery Systems. In the 2010–2015 cycle, the Packaging, Storage, and
Distribution Expert Committee determined the need to update general chapters that speak to
the quality of the packaging systems used to store drug products. The Expert Committees
initial focus was on the final packaging systems; however, it had been extended to include
packaging systems components and their materials of construction.

The suitability of a pharmaceutical packaging system for a drug product can be assessed by
extractables and leachables testing. Out of these characterization studies, specific controls for
a packaging system, its components, or its materials of construction can be established. The
suite of general chapters for packaging systems begins with Plastic Packaging Systems and

Their Materials of Construction 661.1 , which is used to characterize the materials of

construction, and Plastic Packaging Systems 661.2 , which is used to characterize the final
packaging system and/or component. Other chapters that will be proposed in the future to
address the characterization of plastic materials used in the manufacturing process and medical

devices are Plastic Systems Used for Manufacturing Pharmaceutical Products 661.3  and

2S (USP37)
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Plastic Medical Devices Used to Deliver or Administer Pharmaceutical Products 661.4 .

As part of this continuation, the Packaging, Storage, and Distribution Expert Committee is
proposing Assessment of Drug Product Leachables Associated with Pharmaceutical

Packaging/Delivery Systems 1664 , which presents a framework for the design, justification,
and execution of a leachables assessment for pharmaceutical packaging and delivery systems.
A workshop will be held December 9 and 10, 2013, at USP headquarters in Rockville, MD, to
discuss comments on the suite of packaging general chapters and potential future revisions.

(GCPS: D. Hunt.)
Correspondence Number—C126513

Comment deadline: November 30, 2013

Add the following:

1664  ASSESSMENT OF DRUG PRODUCT LEACHABLES ASSOCIATED WITH
PHARMACEUTICAL PACKAGING/DELIVERY SYSTEMS

PURPOSE

This general chapter presents a framework for the design, justification, and implementation of
assessments for drug product leachables derived from pharmaceutical packaging and delivery
systems. A scientifically sound leachables assessment is important to manufacturers and their
various suppliers primarily as a means of establishing the suitability for use of pharmaceutical
packaging/delivery systems, as leachables can potentially affect drug product efficacy, safety,
and quality. Additionally, such a leachables assessment could provide an understanding of the
sources of leachables and how to evaluate and manage leachables during the drug development
and manufacturing processes. The chapter establishes critical dimensions of a leachables
assessment and discusses practical and technical aspects of each dimension. The chapter does
not establish specific analytical methods or leachables specifications and acceptance criteria
for any particular dosage form or packaging system and drug product combination; nor does it
delineate every situation in which a leachables assessment is required. It is not possible for a
general discussion of drug product leachables to anticipate and cover all situations which can
occur in the pharmaceutical industry where a leachables assessment might be required.
Designing an individual leachables assessment is a process that strikes a balance between
sound science, prudent resource allocation, and effective risk management with an emphasis on
patient safety. Achieving this balance is the responsibility and obligation of the drug product
manufacturer, and assumes due consideration of applicable legal and regulatory requirements.
The principles and best demonstrated practices outlined in this general chapter represent a
consensus interpretation of sound science and can therefore be extrapolated and applied to
any situation in which a leachables assessment is required for pharmaceutical application. 
In many cases, drug product leachables assessments are based on or facilitated by knowledge
from extractables assessments accomplished on drug product packaging systems, packaging
components, and packaging materials of construction (see Assessment of Extractables

Associated with Pharmaceutical Packaging/Delivery Systems 1663 ).

PF 39(5): Sep.-Oct. 2013 291



KEY TERMS

This general chapter uses the following key terms (1, 2; also see Packaging and Storage

Requirements 659 ). Note that the terms Packaging System, Packaging Component, Primary
Packaging Component, Secondary Packaging Component, and Materials of Construction are

also defined in 659 , and the definitions below are intended for clarification purposes within

the context of this chapter and are not intended to supersede those provided in 659 . 
Packaging Systems are the sum of packaging components that together contain, protect, and
in certain cases deliver the dosage form. Packaging systems are also referred to as Container
Closure Systems. 
Packaging Components are single parts of a packaging system. Each individual packaging
component has a particular function within the context of containing, protecting, and delivering
the dosage form. An individual packaging component can be Primary, meaning that it is or may
be in direct contact with the dosage form (e.g., an inhalation solution plastic nebule); or
Secondary, meaning that it is not or will not be in direct contact with the dosage form but may
provide additional protection (e.g., an inhalation solution foil overwrap pouch). Packaging
components are considered to be Tertiary if they are not in direct contact with the dosage
form but facilitate handling and transport in order to prevent damage from physical handling and
storage conditions to which the dosage form is subjected (e.g., a cardboard carton for shipping
inhalation solution foil overwrapped plastic nebules). 
Packaging Materials of Construction are substances used to manufacture packaging
components. These are also referred to as Raw Materials. 
Extractables are organic and inorganic chemical entities that can be released from a
pharmaceutical packaging/delivery system, packaging component, or packaging material of
construction under laboratory conditions. Depending on the specific purpose of the extraction
study, these laboratory conditions (e.g., solvent, temperature, stoichiometry, etc.) may
accelerate or exaggerate the normal conditions of storage and use for a packaged dosage form.
Extractables themselves, or substances derived from extractables, have the potential to leach
into a drug product under normal conditions of storage and use. 
Leachables are organic and inorganic chemical entities that migrate from a packaging/delivery
system, packaging component, or packaging material of construction into an associated drug
product under normal conditions of storage and use or during accelerated drug product stability
studies. Leachables are typically a subset of extractables or are derived from extractables.
Note that chemical entities can also migrate from packaging/delivery systems to patients via
direct contact. 
Leachables Studies are laboratory investigations into the qualitative and quantitative nature of
a particular leachables profile(s) over the proposed shelf-life of a particular drug product. 
Characterization is the discovery, identification, and quantitation of each individual organic and
inorganic leachable present in a drug product formulation above a predetermined level or
threshold. Such thresholds should be based mainly on patient safety considerations, with
consideration also given to the capabilities of analytical technology, and other related issues. 
Identification is the process of assigning a molecular structure to an organic leachable, or
assigning constituent elements in the case of an inorganic leachable. 
Quantitation is the process of measuring the level, or concentration, of an individual organic or
inorganic leachable contained in a drug product formulation. 
Leachables Profiles are qualitative and/or quantitative analytical representations of the
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leachables content of a particular drug product formulation. 
Leachables–Extractables Correlations are established when observed drug product leachables
are linked both qualitatively and quantitatively to extractables from associated
packaging/delivery systems, packaging components, or materials of construction. 
Threshold of Toxicological Concern (TTC) is a level of human intake or exposure that is
considered to be of negligible risk, despite the absence of chemical-specific toxicity data. The
TTC approach is a form of risk characterization in which uncertainties arising from the use of
data on other compounds are balanced against the low level of exposure. 
Safety Concern Threshold (SCT) is the threshold below which a leachable would have a dose
so low as to present negligible safety concerns from carcinogenic and noncarcinogenic toxic
effects. 
Qualification Threshold (QT) is the threshold below which a given noncarcinogenic leachable is
not considered for safety qualification (toxicological assessments) unless the leachable
presents structure-activity-relationship (SAR) concerns. 
Analytical Evaluation Threshold (AET) is the threshold at or above which a leachable should be
characterized and reported for toxicological assessment. The AET can be mathematically
derived from the SCT (or other threshold concepts) based on factors that include the dosing
parameters of the drug product. 

As noted, additional terminology and associated definitions are available (1, 2, and 659 ).

SCOPE

Management of leachables is important to pharmaceutical and biotechnology/biologic product
manufacturers and regulatory authorities because certain leachables above specific
concentrations can present safety concerns for patients and/or compatibility issues for drug
product formulations. During the 1980s, the U.S. Food and Drug Administration (FDA) began to
formally and comprehensively address leachables in drug products after findings of patient
sensitivity induced by leachables and other potential safety concerns related to leachables (2–
4). Since then, management of both extractables and leachables for packaging systems and
final drug products has become an important part of pharmaceutical development and
regulatory submissions for many dosage form types, particularly for those deemed of relatively
high risk for dosage form interaction with the packaging system, along with a relatively high
safety risk relative to the route of administration (see Table 1). Note that Table 1 is a version
of the original concept that appears in the FDA guidance Container Closure Systems for
Packaging Human Drugs and Biologics (1), in which certain dosage forms in the above guidance
have been downgraded to having lower potential for interaction with packaging components.
Such relatively high-risk dosage forms include: inhalation aerosols and solutions, injectables and
injectable suspensions, ophthalmics, and transdermal ointments and patches. It is important to
note, however, that even low-risk dosage forms present some risk and that appropriately
rigorous leachables assessments can be important to particular drug products in lower risk
dosage form categories (e.g., topicals and oral dosage forms, etc.).

Table 1. Modified FDA/CDER/CBER Risk-Based Approach to Consideration of
Leachablesa (1)

Examples of Packaging Concerns for Common Classes of Drug Products
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Degree of
Concern

Associated with
the Route of

Administration

Likelihood of Packaging Component-Dosage Form Interaction

High Medium Low

Highest
Inhalation Aerosols and
Sprays

Injections and
Injectable
Suspensions;
Inhalation
Solutions

Sterile Powders and
Powders for Injection;
Inhalation Powders

High
Transdermal Ointments and
Patches

Ophthalmic
Solutions and
Suspensions;
Nasal Aerosols and
Sprays

—

Low

Topical Solutions and
Suspensions; Topical and
Lingual Aerosols; Oral
Solutions and Suspensions

—

Oral Tablets and Oral
(Hard and Soft Gelatin)
Capsules; Topical
Powders; Oral Powders

a  While this table provides a convenient overview of the general level of regulatory concern
with various dosage forms regarding leachables, it should not be inferred that “low-risk”
dosage forms (e.g., oral tablets) by that definition carry no risk for leachables issues. 

This chapter will describe scientific principles and best practices for the assessment of drug
product leachables, and will cover various important concepts, including: 1) the requirement for
leachables studies; 2) fundamental concepts for leachables studies; 3) the basis of thresholds
for leachables and general guidance about application of these thresholds; 4) design and
implementation of leachables studies; 5) leachables method development and validation; 6)
correlation of results from extractables assessments and routine extractables testing with
leachables studies; and 7) establishment of leachables specifications including acceptance
criteria. 
These scientific principles and best practices apply to all organizations and individuals involved
in the manufacture of drug products and in their stability studies, including but not limited to:

Manufacturers of drug products for human and veterinary use where manufacturing may
involve operations at the applicant holder's facilities (i.e., facilities that belong to the
holder of an approved New Drug Application or Abbreviated New Drug Application) or at
those of a contractor for the applicant holder
Manufacturers of combination drug products
Packaging operations by the manufacturer or a designated contractor for the applicant
holder
Repackaging operations in which the drug product may be owned by an organization
other than the primary manufacturer.

Although it is ultimately the drug product applicant's responsibility to ensure that appropriate
leachables assessments are accomplished, manufacturers and fabricators of pharmaceutical
packaging/delivery systems, packaging components, and materials of construction should also
apply these scientific principles and best practices as appropriate, and applicants are
encouraged to work with component manufacturers and fabricators to this end.
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CONCEPTS

General Concepts for Leachables Assessment

During the course of manufacturing, packaging, storage, distribution, and administration,
dosage forms and/or their formulation constituents contact components and materials of
construction of manufacturing and packaging equipment, and primary and secondary packaging
components and systems. Such contact may result in interactions between the dosage form
and these components and materials. One such interaction is the migration, or leaching, of
substances from any of these components and materials into the dosage form. Leachables,
which can include both organic and inorganic (i.e., elemental) chemical entities with wide
chemical diversity, are of concern due to their potential safety risk to patients and potential
compatibility risks for the drug product. In order to assess these risks and manage the potential
issues posed by leachables, it is necessary to know their identities and the levels to which they
will accumulate in the finished drug product over its shelf-life. These two pieces of information
can be used to establish the magnitude of patient exposure (dose) and therefore the safety
risk posed by an individual leachable, as well as the likelihood of any drug product compatibility
issues. 
Regulatory guidelines, requirements, and various best practice recommendations all state that
the definitive assessment of the potential impact of contact between a packaging/delivery
system and a final dosage form involves testing the final drug product for leachables. In its
most essential form, this impact assessment involves performing a migration, or leachables,
study whose purpose is to discover, identify, and quantitate leachables that have migrated
from the contacted system, components, or materials and accumulated in the finished dosage
form under the product's actual manufacturing, storage and clinical use conditions. A
leachables study is a laboratory investigation into the qualitative and quantitative nature of a
particular leachables profile(s) over the proposed shelf-life of a particular drug product. The
purpose of a leachables study is to systematically and rationally identify and quantify (i.e.,
characterize) drug product leachables to the extent practicable, and within certain defined
analytical threshold parameters. The results of leachables studies are used in the overall
leachables assessment to understand the impact of leachables on patient safety and drug
product stability. 
Leachables studies can be used within the context of an overall leachables assessment to:

Facilitate the timely development of safe and effective dosage form packaging/delivery
systems, manufacturing systems, and processes by assisting in the selection of
components and materials of construction
Facilitate the establishment of qualitative and quantitative leachables-extractables
correlations in drug products, when coupled with an appropriate extractables
assessment(s)
Establish the worst-case drug product leachables profile in a manner that facilitates the
development of drug product leachables specifications and acceptance criteria (should
these be required), and the safety evaluation/qualification of leachables
Identify trends in drug product leachables accumulation levels over the shelf-life of a
particular drug product
Facilitate change-control processes for drug product packaging/delivery systems (as
appropriate), packaging components, materials of construction, formulation
constituents, etc.
Facilitate investigations into the origin(s) of identified leachables whose presence
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causes out-of-specification (OOS) results for a marketed drug product.

In these ways, leachables studies and assessments can support Quality by Design (QbD)
principles for the development and manufacture of pharmaceutical packaging/delivery systems
and drug products. 
A complete leachables assessment includes understanding the safety impact of individual
leachables, safety qualification of individual leachables, and developing an understanding of the
impact of individual leachables on drug product stability (i.e., compatibility). Although safety
qualification is presented in general terms, the details of attaining this goal are beyond the
scope of this chapter, which is limited to general scientific principles and best practices for the
conduct of leachables studies and the other stated uses of the results of leachables studies
within an overall leachables assessment. 
Note that certain packaging and combination product medical device components are (or can
be) in direct contact with a patient's mouth, nasal mucosa, or other body tissue(s) during
normal use of the drug product. Such packaging components include metered dose inhaler and
dry powder inhaler mouthpieces, transdermal patches, etc. Patients are potentially exposed to
chemical entities by direct contact from such components. Assessment of patient exposure in
such direct contact scenarios is best accomplished with appropriate extractables assessments
and extraction studies, and the reader is referred to Assessment of Extractables Associated

with Pharmaceutical Packaging/Delivery Systems 1663 .

Safety Thresholds

Although leachables represent a particular class of drug product impurity, current regulatory
guidance for drug product impurities specifically considers leachables to be out of scope (5).
Thresholds that have been specifically proposed for drug product leachables are based on
either patient safety considerations or the current capabilities of analytical technology. Safety
thresholds are particularly important in a leachables assessment because current analytical
technology allows detection of trace organic and inorganic chemical entities at extremely low
levels (i.e., ng/mL; ng/g). Identification and risk assessment (or qualification) of every
individual chemical entity in a typical leachables profile at the limits of current analytical
technology is neither necessary from a toxicological perspective nor feasible in a typical drug
product. Safety thresholds allow for a science and risk-based determination of acceptable
levels of leachables and can be based on results from preclinical exposure studies, as well as
additional safety risk factors that consider, e.g., route of administration, daily exposure, and
treatment duration. Because safety thresholds are derived from exposure data they are
considered in terms of units of exposure, such as Total Daily Intake (TDI). Thus, any safety
threshold must be converted into units of concentration (e.g., µg/mL) so that it can be applied
as an analytical threshold in the laboratory. The analytical threshold is a guide as to which
chemical entities in the leachables profile should be considered for chemical characterization
(i.e., confirmed identification) and safety evaluation and qualification. 
An example of a safety threshold concept that has been practically applied in pharmaceutical
development is the Threshold of Toxicological Concern (TTC) approach (6). The TTC concept
was adopted by the European Medicines Agency (EMA) to evaluate genotoxic impurities, using

an excess cancer risk factor of 10 5 (1 in 100,000) (7). The EMA's proposed safety threshold
for genotoxic impurities using the TTC approach is 1.5 µg/day Total Daily Intake (TDI). Other
examples of safety thresholds include the Product Quality Research Institute (PQRI) Safety
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Concern Threshold (SCT) and Qualification Threshold (QT), derived and proposed for individual
organic leachables in Orally Inhaled Nasal Drug Products (OINDP) (2, 8, 9). The SCT is 0.15
µg/day TDI, and the QT is proposed at 5 µg/day TDI for an individual organic leachable. The
development of the TTC approach provided a foundation, precedent, and guide for derivation of

the PQRI SCT, which incorporates a 10 6 (1 in 1,000,000) risk factor rather than the 10 5

value used for the EMA threshold. This lower threshold was considered appropriate for
leachables in OINDP because of considerations regarding the direct delivery of some of these
dosage forms to diseased organs of a sensitive patient population, and assuming lifetime
exposure. In addition, leachables are typically industrial chemicals with no direct structural
relationship to any active ingredient or other formulation constituent. Below the SCT,
identification and safety evaluation of leachables generally would not be required. Below the
QT, leachables without structure alerts for carcinogenicity or irritation would not require
compound-specific safety risk assessment. The PQRI proposed decision tree for leachables
identification and qualification is shown in Figure 1. Note that neither the SCT nor the QT is a
control threshold or safety-driven limit. Rather, they are leachables evaluation thresholds. The
SCT in particular is designed to establish a threshold for characterization of unknown drug
product leachables. Individual levels of safety concern, different from the SCT value, could be
determined for known leachables and potential leachables (i.e., extractables).
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Figure 1. Decision tree for leachables identification and qualification. Note that although this
process was proposed for leachables in OINDP (8), it is potentially applicable to leachables in

any dosage form type and drug product.

For OINDP there are certain “special case” compounds and compound classes, that due to
particular safety concerns (e.g., carcinogenic) were deemed to require lower thresholds based
on the capabilities of specific analytical technologies and methods. These special case
compounds for OINDP include: polyaromatic hydrocarbons or polynuclear aromatics (PAHs or

PNAs), N-nitrosamines, and the individual chemical entity 2-mercaptobenzothiozole (see 
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1664.1 ).

Information Sharing

To successfully manage leachables throughout the drug product lifecycle, it is critical to
establish close and regular communication among those stakeholders throughout the
development and drug product lifecycle responsible for the quality of the drug product:
chemists, toxicologists, packaging engineers, manufacturing operations, procurement, etc. With
respect to leachables, communication between the analytical chemist and toxicologist is
critical. For example, if a leachable is found to be above an accepted limit, or a new leachable
is found, a safety evaluation will need to be performed. The chemist will need to provide the
toxicologist with information that will help to qualify the leachable, including: the identity of the
leachable, which may include compound class or more specific information, such as chemical
formula and structure; and the amount and concentration of the leachable in the drug product.
Information sharing between packaging component manufacturers/suppliers and drug product
developers/manufacturers is also important in order to guide packaging component and
materials of construction selection, and facilitate leachables-extractables correlations via
knowledge of packaging component chemical compositions, etc. (also see Assessment of

Extractables Associated with Pharmaceutical Packaging/Delivery Systems 1663 ).

LEACHABLES STUDY DESIGN

Although leachables studies may be accomplished at any time during the drug product
development/manufacturing lifecycle, it is most appropriate that leachables studies occur
during late stage product development or during formal product stability assessment. This is the
case because the most appropriate leachables assessment is conducted as follows:

The assessment is performed on the actual drug product and not simulations thereof
(however, see Simulation Studies).
The assessment is performed with the actual packaging and delivery system in the form
it will be commercialized, not with a prototype or on system components.
The related extractables assessments are accomplished on the same lots of packaging
components used to manufacture the drug product lots on which the leachables
assessments are performed.
The assessment is performed on product that is manufactured under conditions that
reflect the actual commercial processes of production of the drug product and the
packaging/delivery system, filling of the drug product into the packaging/delivery
system, post-filling treatment of the filled packaging (e.g., terminal sterilization),
distribution, storage, and clinical use. Although leachables studies may include
accelerated storage conditions, they cannot be limited to accelerated conditions and
must include real-time assessment.

Additionally, leachables assessments may be appropriate on certain occasions post-market. The
design of any particular leachables study depends on the purpose and goals of the overall
leachables assessment. 
Leachables studies can also be performed early in the drug product development process (e.g.,
preclinical stage) in order to facilitate the selection of packaging components and their
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materials of construction. Such leachables studies are particularly useful for certain “high-risk”
dosage forms (see Table 1) where selecting appropriate packaging components and materials of
construction is critical. A variety of packaging components and materials of construction can
be evaluated at the same time and drug product leachables profiles determined and evaluated
for each configuration. For primary packaging systems or combination drug/device products this
can be accomplished by using either the drug product formulation or a placebo formulation in
contact with the proposed packaging system. In the latter case, the placebo formulation can
be considered as a simulating solvent to characterize extractables as probable leachables (see
Simulation Studies). In either case, the leachables study conditions (i.e., time, temperature,
etc.) should be based on conditions that are relevant for either the use-life or shelf-life of the
drug product. Preclinical development stage leachables studies can be designed in a systematic
way in order to support QbD processes and principles. It is important to also note that during
early stage drug product development for high-risk dosage forms, leachables characterization is
recommended for any drug product batches that are used as test articles in any definitive
toxicology or clinical studies. For “low-risk” dosage forms (e.g., solid orals, topical powders)
leachables studies conducted throughout development might be appropriate in order to assess,
and thereby avoid, problems with packaging systems that might appear either in later stage
development or marketed product. 
During later stage development of high-risk dosage forms in support of product registration,
when the final market form of the packaged drug product is available, leachables studies may
be accomplished on definitive registration batches of drug product during the course of overall
product stability studies. The results of these leachables stability studies can be used to
establish leachables-extractables correlations, identify trends in leachables accumulation levels,
evaluate individual leachables and qualify them on a safety basis, and develop leachables
specifications with acceptance criteria (should these be required). For inhalation aerosols and
other OINDP, leachables testing should be an integral part of the larger ICH registration stability
program (2), and storage conditions and stability time-points should be planned accordingly.
For cases where a packaging/delivery component is in direct contact with the patient (e.g., a
metered dose inhaler or dry powder inhaler actuator mouthpiece), chemical entities that a
patient might be exposed to can be evaluated as extractables (i.e., potential leachables) using
appropriate simulating fluids under time/temperature exposure conditions relevant to the

intended use (see 1663 ). 
Drug product leachables studies may also be appropriate in many cases where necessary or
desired changes in a marketed drug product are made. Such leachables studies are normally
required to support change-control processes for many high-risk dosage forms, particularly
those with in-place leachables specifications and acceptance criteria, and could also be
appropriate for other dosage form types, drug/device combination products, etc. Changes may
include but are not limited to: composition of the drug formulation; manufacturing processes for
the drug product; primary and secondary packaging components or their materials of
construction; manufacturing or assembly processes for primary and secondary packaging
components or their materials of construction; and delivery system(s) that are part of the drug
product labeling. Any change that results in the patient being exposed to a different leachables
profile than the one approved during registration will require leachables studies as part of any
change-control process unless adequate scientific justification is provided to the contrary. 
Although low-risk dosage forms (e.g., solid orals, topical powders) typically do not rigorously
require leachables studies as part of the drug product registration process (Table 1), it is
possible that leachables could appear in drug product impurity profiles either during registration
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stability studies or in marketed products. For example, it has been documented that chemical
additives in label adhesives can migrate through plastic primary packaging and appear in
impurity profiles of solid oral dosage forms packaged within these containers. Thus, it is
appropriate to consider performing leachables studies on “low-risk” dosage forms in certain
cases. If leachables assessment is not performed proactively, such an event could lead to an
OOS result for a development or marketed product and require an “emergency” leachables
study as part of an investigation process. The design of this type of leachables study depends
on the particular situation; however, in general it would be necessary to identify and quantify
the leachable(s), evaluate safety and possibly qualify the leachable(s), and correlate the
leachable(s) with packaging component extractables. It is also possible that leachables could
result from contact with manufacturing equipment and tertiary packaging systems (e.g.,
shipping materials). 
The leachables studies described above have different purposes and overall goals but require
similar types of information for their proper design. First, it is important to have information as
to the identities and maximum possible accumulation levels of all potential leachables. The
packaging component manufacturers may provide chemical composition details for the
packaging/delivery system and various materials of construction, as well as details regarding
the manufacturing processes for these components and materials. Such information may be in
the form of material safety data sheets, technical data sheets, test reports, or confidential
communications, and can be used to infer potential leachables. An extractables assessment
(including an extraction study) can also be accomplished on packaging components and/or their

materials of construction to directly assess potential leachables (see 1663 ). Regardless of
how the chemical information is obtained, it is important to ensure that all possible sources of
potential leachables from the finished packaging system are considered. These may include
chemical entities from any of the primary and secondary packaging components and their
materials of construction, coatings, cleaning, lubricating, cutting, sterilization, assembly, or
other processes associated with the manufacture of the final packaging/delivery system as
used in the drug product. The chemical information on the packaging and delivery system is
used to create a list of potential leachables and their possible accumulation levels. 
Potential leachables have a significant chemical diversity, and therefore a diversity of physical
and chemical properties, including polarity, volatility, solubility, etc. Whereas relatively volatile
compounds can more readily migrate into any type of formulation through indirect contact,
nonvolatiles generally require direct contact. Two aspects of formulation contact should be
considered: The nature of the formulation contact (i.e., direct or indirect) and the time of
contact (transient or continuous). If the formulation is not in direct contact with the packaging
component (e.g., inhalation powder in a capsule packaged in a blister) then it is less likely that
any relatively nonvolatile compounds would migrate into the formulation from the packaging
system; however, volatile compounds might. If the formulation is only briefly contacting the
packaging component (e.g., an inhaler mouthpiece) it is less likely that any migration of
chemicals from the component would occur on this transient timescale. However, if the
formulation is in continuous contact with the packaging component (e.g., parenteral in a bag
delivered through an administration set) then all types of compounds could potentially migrate
into the formulation. 
A rigorous leachables assessment considers leachables from other than primary packaging, such
as necessary secondary packaging and, in certain situations, tertiary packaging. If the primary
packaging consists of a semipermeable polymer (e.g., a low density polyethylene container),
then potential leachables from labels, inks, adhesives, etc. that are used in the secondary
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packaging must be evaluated. Similarly, volatile compounds that are present in tertiary
packaging (e.g., wooden pallets, cardboard boxes, plastic overwraps, etc.) could migrate into a
formulation contained in such a plastic bottle, and these potential leachables should be
considered in the event of an unknown impurity OOS situation. 
Various characteristics of the drug product formulation must also be considered in designing
any leachables study. For example, formulations are typically either solids or liquids, and it is
well documented that physical state affects the leaching process. In the event that a
formulation has a change in state during the course of production (e.g., lyophilization; liquid to
solid) then the leachables study should be designed taking into consideration the time periods
that the formulation is expected to be in each physical state. In the event that a formulation
has a change in state during the course of use (e.g., nebulization of a liquid to vapor) then
consideration should be given to both the leachables acquired during storage from the
container of the liquid and those acquired during use of the prescribed delivery device. In
addition, typically only the final packaged product is evaluated for leachables; however, there
may be cases in which an intermediate (e.g., bulk capsule for an inhalation powder) is stored
for long periods of time in different primary packaging (e.g., foil pouch) from which compounds
may leach. If these compounds that migrate from bulk packaging persist through the drug
product's manufacturing process and are entrained in the finished drug product, then they are
properly treated as leachables. 
The nature of any contact that the packaging and delivery system has with the patient must
also be considered. If the contact is only surface contact, then the likelihood of direct chemical
migration to the patient is much less than if the contact is with mucosa, tissue, bone, or
dentin. The various contact categories are described in The Biocompatibility of Materials Used

in Drug Containers, Medical Devices, and Implants 1031  or ISO 10993 (10).

LEACHABLES CHARACTERIZATION

The primary goal of any leachables study is leachables characterization; i.e., the discovery,
identification, and quantitation of leachables present in a particular drug products. Analytical
methods for leachables characterization are developed based on the nature of the drug product
matrix, the identities and possible accumulation levels of potential leachables, and the required
sensitivity based on an adopted leachables evaluation threshold and the capabilities of the
analytical methods employed. Unlike a typical drug product impurity method where target
analytes are related to the drug substance, leachables have a wide chemical diversity and can
come from various sources in the packaging/delivery system. Leachables also have a wide
range of possible accumulation levels in drug product. Taken in total, these factors present a
significant challenge for trace analysis, especially in the case of organic leachables
identification. Under certain circumstances, this challenge can be mitigated by performing the
process of potential leachables identification outside of the leachables assessment, for example
via extractables assessment in simulated extractables studies (see Simulation Studies). 
Before proceeding to describe the processes, analytical techniques, and methods involved in
leachables characterization, it is appropriate to state that the ultimate objective of thorough
leachables characterization as defined above cannot be realized in all cases, even when state-
of-the-art analytical chemistry is practiced with best available skill and diligence. It is a reality
that there is no analytical technique or combination of analytical techniques that is capable of
the discovery, identification, and quantitation of any and all organic and inorganic leachable
chemical entities. Authentic reference compounds for organic leachables may not be available
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in all cases for confirmation of identifications or for quantitative instrument calibration. Given
these facts, the practical objective of leachables characterization must therefore be the
discovery, identification, and quantitation of individual leachables present in a drug product
above a predetermined level, or “threshold” to a reasonable degree of scientific certainty and
exercising due diligence.

Analytical Thresholds

The starting point for consideration in leachables method development is to establish the level
at which the method must be capable of accomplishing the appropriate leachables
characterization function by establishing an analytical threshold. As discussed previously, such
an analytical threshold can be based on various criteria, including safety considerations. An
example of a safety-based threshold is the SCT as established for OINDP. In order to define the
SCT in practical terms for laboratory analysis, it must be converted from units of exposure (i.e.,
µg/day) to units of concentration (e.g., µg/mL, µg/g, µg/canister, µg/vial, etc.). This is
accomplished by considering the dose parameters for a given drug product per the drug
product's label claim. The resulting analytically useful threshold is termed the Analytical
Evaluation Threshold (AET) (2). Target leachables (previously characterized as potential or
probable leachables from extractables or simulation studies) will have known safety profiles and
previously established leachables thresholds. 
A general formula for conversion from the SCT (0.15 µg/day) to an AET is as follows:

Further, for liquid dosage forms:

Further, for solid dosage forms:
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This AET establishes the level at which unknown leachables should be identified and quantified
in a particular drug product, and can therefore be used as a basis for analytical method
development.

Analytical Method Requirements

Analytical method requirements for leachables characterization are based on the determined
AET (or an alternative valid threshold concept), and information on potential leachables
obtained from extractables assessments of packaging components and materials, including
information from component/material suppliers. Since leachables are typically a subset of
extractables or chemically linked to extractables, it may be the case that analytical methods
used for leachables characterization can be based on those used for extractables

characterization (see 1663 ). Any analytical method for leachables that is used for drug
product stability studies in support of product registration, establishing leachables-extractables
correlations for high-risk dosage forms, or the development of leachables specifications and
acceptance criteria must be amenable to complete validation using industry-accepted
validation practices.

Preparing the Drug Product for Analysis—Sample Preparation

Sample preparation for leachables characterization is a function of the chemical nature of the
potential leachables, the chemical nature of the drug product sample matrix, and the analytical
technique(s) to be applied. The drug product matrix can present a significant challenge for
organic leachables characterization. Drug product matrices contain the active pharmaceutical
ingredient and excipients, which are typically present at high levels relative to leachables
(except in certain high potency drug products). Analytical methods for organic leachables
usually incorporate sample preparation procedures to separate leachables from the drug
product matrix and concentrate them for analysis. The exact details of sample preparation
procedures are unique to the individual drug product and while it is impossible to anticipate
every scenario, the following general statements can be made:

Aqueous dosage form (e.g., inhalation solutions, small and large volume parenterals,
ophthalmic solutions, etc.) leachables can be recovered using liquid-liquid extraction
with water immiscible organic solvents, such as dichloromethane, hexane or petroleum
ether, etc. The pH of the aqueous sample can be manipulated (i.e., raised or lowered)
in order to enhance extraction of weakly acidic or basic leachables, or reduce extraction
problems caused by the relatively high concentration of active pharmaceutical
ingredient and excipients. The resulting organic extract can be dried if required (e.g.,
with magnesium sulfate drying agent) and concentrated if required by techniques that
remove the solvent, such as evaporation with a gentle stream of dry nitrogen, rotary
evaporation, or a Kuderna-Danish concentrator, etc. Concentrated organic extracts can
be analyzed directly by GC-based methods; however, for HPLC-based methods using
aqueous mobile phases the organic extract can be reduced to dryness (or near dryness)
and the resulting residue of leachables taken up in a water miscible solvent (e.g.,
acetonitrile, methanol, etc.). Volatile leachables (e.g., solvents) can be analyzed
directly from aqueous drug product samples with GC combined with headspace sampling.
Note that recoveries of certain leachables can be affected by extraction and extract
concentration procedures.
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Solid dosage form (e.g., solid orals, inhalation powders, lyophilized powders, etc.)
leachables can be recovered (for example) by dissolving the drug product sample in an
aqueous solution and applying liquid-liquid extraction and extract concentration, as
above. Headspace sampling and GC analysis of volatile leachables can be accomplished
on the aqueous samples or, in some cases, directly on the solid dosage form. It is also
possible to dissolve the drug product sample in another appropriate and analytically
expedient medium (e.g., an organic solvent) for direct analysis by GC, however it is
possible that matrix effects and interferences from the active ingredients and excipients
could result.
Oral liquid dosage form leachables can be recovered by diluting the drug product sample
in aqueous solution and applying liquid-liquid extraction and extract concentration, as
above. Headspace sampling and GC analysis of volatile leachables can be accomplished
on the aqueous samples or, in some cases, directly on the oral liquid dosage form. It is
also possible to dissolve the drug product sample in another appropriate and analytically
expedient medium (e.g., an organic solvent) for direct analysis by GC; however, it is
possible that matrix effects and interferences from the active ingredients and excipients
could result.
Cream and ointment dosage form leachables can be recovered by dissolving the drug
product sample in an aqueous solution, filtering, and applying liquid-liquid extraction and
extract concentration, as above. Headspace sampling and GC analysis of volatile
leachables can be accomplished on the aqueous samples. It is also possible to dissolve
the drug product sample in another appropriate and analytically expedient medium (e.g.,
an organic solvent) for direct analysis by GC; however, it is possible that matrix effects
and interferences from the active ingredients and excipients could result.
Dosage forms with non-aqueous drug product vehicles (e.g., metered dose inhalers with
organic solvent propellants) require special sample preparation procedures, which are

discussed in 1664.1 .

Development of sample preparation methods for leachables characterization can be
accomplished through the use of appropriate test samples, such as accelerated drug product

samples (e.g., 40 /75%RH on 3-month storage), drug product or placebo samples spiked with
known potential leachables, and/or a simulated drug product matrix spiked with known potential
leachables. Recoveries of spiked potential leachables should be assessed and optimized during
method development. Internal standards can be included to improve quantitative accuracy and
precision. 
Note that the sample preparation for leachables characterization must create a test sample in a
form amenable to the analytical technique to be applied, and appropriately concentrated so
that individual leachables can be characterized relative to the selected threshold.

Analytical Techniques

Analytical techniques applied to leachables characterization are the same as those applied to
extractables characterization, which are summarized and discussed in Assessment of

Extractables Associated with Pharmaceutical Packaging/Delivery Systems 1663 . Scouting
analyses in general are not applied to leachables characterization, as the drug formulation may

interfere with the scouting methods (see 1663 ). The most useful analytical techniques for
discovery, identification (either by qualitative or structural analysis), and quantitation of
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organic leachables are those that combine GC and HPLC with mass spectrometry [i.e., GC/MS
and HPLC (or LC)/MS]. Headspace sampling can also be interfaced with GC/MS. Other detection
systems for both GC and HPLC that are not compound specific (e.g., FID, UV, etc.) are
potentially useful for leachables discovery and quantitation, but not in general for identification.
The combination of GC and HPLC techniques has the sensitivity and specificity required to
characterize the diversity of chemical compounds found in many leachables samples. Analytical
methods for leachables should be capable of characterizing target as well as new (or
unspecified) leachables (e.g., scanning GC/MS or LC/MS), however, when additional sensitivity
is required due to the use of analytically challenging thresholds, dedicated target compound
methods (e.g., GC/MS with selected ion monitoring) can be used. It is also possible, with
appropriate validation, to use methods based on techniques that are not compound specific
(i.e., GC/FID, HPLC/UV, etc.). 
Structural analysis of leachables should be accomplished with a systematic process identical to

that described in 1663  for extractables, and to a level of confidence sufficient for safety
assessment. A discussion of the principles of both gas and liquid chromatography is available in

Chromatography 621 . A discussion of the principles of mass spectrometry (including both

GC/MS and LC/MS) is available in Mass Spectrometry 736 . Although chromatographic-based
hybrid analytical techniques are most commonly applied to leachables characterization, other
analytical techniques with compound-specific detection capability (e.g., nuclear magnetic
resonance spectroscopy) can be employed.

Quantitative Methods—Validation Considerations

Validation of quantitative leachables methods should be accomplished according to industry
accepted practices, criteria, and standards (11). The extent of validation required depends on
the goals of the leachables study in which the analytical method is being utilized. Validation
parameters include: accuracy, precision (repeatability, intermediate precision), specificity, limit-
of-detection, limit-of-quantitation, linearity and range, and robustness. System suitability tests
and criteria should also be developed for each leachables method. Special considerations for
individual validation parameters relative to leachables methods are as follows:

Accuracy and precision—The validation parameters of accuracy and precision
(repeatability and intermediate precision) are typically evaluated using drug product
samples spiked with known amounts of target leachables. The choice of drug product
spiking matrix used for these evaluations should be one that has had little-to-no
contact with the packaging materials used in the final drug product, and therefore little-
to-no measurable levels of endogenous leachables. Suitable spiking matrices can include
freshly manufactured drug product and simulated drug product vehicles. Spiking levels
should be determined based on results from accelerated stability studies or estimated
from the known amounts of potential target leachables determined from extraction
studies. Accuracy is typically performed at three spiking levels, which can also be
determined based on results from accelerated stability studies or estimated from the
known amounts of potential target leachables determined from extraction studies.
Linearity and range—Since potential leachables are present in packaging components at
widely varying levels, actual drug product leachables can likewise appear at widely
varying levels. The best accuracy and precision are achieved when the validated linear
range considers the potential maximum accumulation levels of each target leachable or
chemical class of leachables.
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Limit of detection/Limit of quantitation—To detect and quantitate unknown leachables,
the limit of quantitation should be at or below the designated analytical threshold (e.g.,
AET).
Specificity—Evaluation of method specificity can be accomplished by evaluating
chromatographic peak purity in spiked and nonspiked drug product samples. For GC-
based quantitative methods, this can be accomplished by GC/MS. For HPLC-based
methods, either LC/MS or LC/DAD (diode array detection) can be used. Specificity can
be demonstrated if there are no observable interfering chemical entities present.
Robustness—A design-of-experiments statistical approach with consideration of critical
analytical method parameters (e.g., HPLC flow-rate, HPLC column, mobile phase
gradient, etc.) should be used to create robustness evaluation protocols.
System suitability—GC- and HPLC-based analytical methods should include appropriate
system suitability criteria for routine method evaluation, including tests for method
linearity, precision, sensitivity, and specificity as appropriate. These parameters should
be evaluated with an appropriately constituted test mixture(s) each time the
quantitative leachables method is used, and should include appropriate system
suitability acceptance criteria based on the method validation results. For example,
sensitivity may be confirmed by analysis of standards prepared at the analytical
threshold.

Several examples of validated leachables methods from the scientific literature are included for
more specific reference (12–17).

ESTABLISHING A LEACHABLES–EXTRACTABLES CORRELATION

A leachables-extractables correlation is established when actual drug product leachables can
be linked both qualitatively and quantitatively with extractables from corresponding
extractables assessments of individual packaging components. Leachables-extractables
correlations are important for several reasons, including justifying the use of routine
extractables release tests of packaging components as an alternative to leachables testing
during stability studies for high-risk drug products, establishing the source of a leachable
producing an OOS result for a low-risk drug product, change control, and ongoing quality
control, etc. 
A qualitative correlation is demonstrated when a leachable is linked either directly or indirectly
to an extractable (i.e., potential leachable). For example, hexadecanoic acid observed in a
leachables profile can be directly linked with hexadecanoic acid observed in the extractables
profiles of one or more primary packaging components. The ethyl ester of hexadecanoic acid
observed in the same leachables profile can be indirectly linked with hexadecanoic acid
observed in one or more extractables profiles, if ethanol is a known drug product formulation
constituent and it is shown that an esterification reaction can occur in the drug product during
storage. For an appropriate quantitative leachables-extractables correlation to exist, the
quantity of any individual leachable over the shelf-life of a drug product must be
mathematically related to the quantity of the corresponding extractable. One of the more
simple mathematical relationships between an extractable and a leachable is that the quantity
of the leachable in the drug product should be less than or equal to the quantity of the
corresponding extractable. For example, the concentration of butylatedhydroxytoluene (BHT)
present in a drug product formulation was determined to be 5 µg/mL. BHT was extracted from a
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primary packaging system component at a level of 300 µg/component. If the drug product
packaging system incorporates one of these components per dosage form and the packaged
formulation has a volume of 50 mL, then a quantitative leachables-extractables correlation is
established, as BHT was extracted in the amount of 300 µg (300 µg/component × 1
component) and was leached in the amount of 250 µg (5 µg/mL × 50 mL). As a result, it can
be concluded that on the average 50 µg of BHT is unaccounted for, and this quantity was
either not leached from the packaging component into the formulation (likely) or lost by some
other process (less likely). 
For high-risk drug products, leachables-extractables correlations may be established over
multiple batches of drug product (accelerated or at end of shelf-life) and multiple batches of
packaging components. Extractables studies should ideally be conducted on lots of components
that were used to manufacture the drug product batches used in primary stability studies (and
therefore on the drug product batches on which leachables testing was conducted to establish
leachables-extractables correlations). 
If the maximum level of any specific leachable in the formulation during stability studies was
substantially greater than the calculated maximum potential accumulation levels of that same
leachable as established by the extraction study, and the extraction studies were conducted
on the same lots of components used to make the primary drug product stability batches, it
must be concluded that the extraction study was inadequate and therefore a leachables-
extractables correlation for that specific leachable cannot be established. In this case, either a
more complete extraction study must be performed in which the extractable level exceeds the
maximum level of the leachable, or the leachable must be controlled as such in the drug
product specifications for shelf-life stability testing, and release testing as an extractable at
the component level is inadequate to control this leachable. 
If a leachable-extractables correlation cannot be established, possible explanations include:

inadequate extractables assessments of packaging components (see 1663 ); unreported
changes in packaging component composition or manufacturing processes; unreported changes
in the identity of packaging components.

CONSIDERATIONS IN DEVELOPING LEACHABLES SPECIFICATIONS AND ACCEPTANCE
CRITERIA

The validated analytical methods and information obtained from those methods in a drug
product leachables study can be used to develop drug product leachables specifications and
acceptance criteria (i.e., limits). In certain circumstances, most commonly encountered with
high-risk dosage forms (such as OINDP), it may be meaningful, useful, and at times required to
routinely monitor finished drug products for leachables. Under such circumstances, leachables
specifications and acceptance criteria must be established. It is important to note that
leachables specifications should be applicable to a product during all stages of its shelf-life,
including release and at end of shelf-life. This is the case since leachables accumulate over the
entire shelf-life of a drug product. When a change occurs in a product for which leachables
specifications and acceptance criteria have been established, it is important to review the
analytical method and reevaluate the acceptance criteria and make adjustments as appropriate
and scientifically justified. A change in components that results in an increase in leachables
concentrations beyond the levels qualified will necessitate the toxicological evaluation of the
proposed levels, as would be the case for any impurity. 
Acceptance criteria can be both qualitative and quantitative for both known and unspecified
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leachables. For example, a typical leachables specification could include:
Quantitative end of shelf-life limits for target leachables, which apply over the shelf-life
of the drug product
A quantitative limit for “unspecified” (i.e., previously unidentified and uncorrelated)
leachables (identification of unspecified leachables is required for accurate quantitation
and toxicological evaluation).

A typical scenario for establishing rigorous and valid acceptance criteria would involve testing a
minimum of three drug product batches. After thorough chemical and safety evaluation,
acceptance criteria can be established for target leachables based on the
qualitative/quantitative results of the leachables study, manufacturing process capability
considerations, and, most importantly, the potential safety, compatibility, or drug product
quality impact of the leachables.

ADDITIONAL CONSIDERATIONS

Simulation Studies

Occasions may arise in which it is not analytically feasible (due to challenging thresholds) to
successfully discover and identify all actual leachables in a drug product leachables study. This
circumstance can be managed if the activities of discovery and identification of probable
leachables are accomplished in an extraction study, where samples and analyte concentrations
are more easily manipulated to achieve analytical expediency. In such a circumstance, the
actual drug product leachables assessment simplifies to a high sensitivity quantitation of
targeted leachables that have been discovered and identified as part of this extraction study. 
In order to facilitate the discovery and identification of probable leachables, the extraction
study must be similar in design to a drug product leachables study. Such a study seeks to
simulate the circumstances experienced by the drug product but should produce a test sample
that is easier to characterize than the drug product itself. For such a study to be relevant in
establishing appropriate target leachables, the solvent(s) used to generate the test sample
must have nearly the identical propensity to leach as the drug product formulation. Such a
study should be accelerated versus the leachables study so that the extractables, reflecting
potential target leachables, can be discovered and identified in a timely fashion. The study
design differences between this simulation study and the drug product leachables study are: 1)
that the drug product formulation has been replaced with a simulating solvent that mimics the
formulation; 2) that the conditions of contact have been accelerated, so as to increase both
the concentrations of probable leachables and the rates of migration of probable leachables
into the simulating solvent; and 3) the test article can be the complete packaging and delivery
system or separate components of that system. Factors to consider in designing and justifying
the simulating solvent(s), along with recommendations on the analytical approach used to
characterize the simulating extract for extractables as potential target leachables are

discussed in 1663 . Given the intent of the simulation study, which is the discovery and
identification of extractables as target leachables, simulation studies must also be driven by
relevant thresholds. 
It is possible that in cases of very low thresholds (e.g., AETs), quantitation of drug product
leachables might still not be analytically feasible, even with high sensitivity target compound
analytical methods. In such cases, the results of the simulation study (probable leachables
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identities and concentrations) may be sufficient to establish patient safety and the quality
impact of the actual drug product leachables. To the extent that the simulation study
mimics the drug product leachables study, the potential safety or quality impact of a
compound as an extractable is an estimate of the potential safety or quality impact of the
compound as an actual leachable. If it can be established that a compound quantitated as an
extractable under these conditions has an acceptably small impact on safety and quality, then
it follows that the same compound as a leachable in the drug product formulation may be
assumed to have a similarly low impact on safety and quality. The acceptability of this
approach for any particular drug product needs to be scientifically justified by the drug product
applicant. 
If a compound is measured as an extractable in a simulation study and targeted as a leachable
in a drug product leachables study, the extractables and leachables data for that compound
become the basis upon which a leachables-extractables correlation can be made. In this
circumstance, it is necessary that each leachable concentration in the drug product be less
than or equal to the corresponding extractable concentration in the simulated extract,
accounting for the uncertainty in the analytical measurements and any justifiable “exaggeration
factors” that may have been utilized in the simulation study. Note that in certain justifiable
circumstances drug product placebo batches may be used as test articles in drug product
leachables studies (stability studies). However, there are also circumstances when placebo
batches are not acceptable, such as when there is significant reason to believe that leachables
might have an adverse effect on an active pharmaceutical ingredient (e.g., therapeutic
proteins).

Inorganic (Elemental) Leachables

The topic of elemental impurities as leachables in pharmaceuticals is best addressed within the
overall context of elemental impurities in drug products. The equivalent topic of extractable
metals from packaging systems and their materials of construction is addressed in Plastic

Materials of Construction 661.1  (see also 381 ) as well as in Assessment of Extractables

Associated with Pharmaceutical Packaging/Delivery Systems 1663 ). 
There are potential elemental leachables other than those that may be of concern from the
broader perspective of the overall quality of the drug product. For example, silicon and sulfur
can be extracted from certain packaging systems (and/or their materials of construction) in
both organic and inorganic forms, and in potentially quality-impacting quantities. Thus, it may
be appropriate to quantify such elemental leachables in the drug product. Important issues to
consider in defining this additional testing for elemental leachables include establishing which
elements to measure as leachables and how to assess the potential quality impact of the
elemental leachables. Regarding which elemental leachables to measure, it is noted that testing

of the plastic packaging systems and their materials of construction as per 661.1  will
establish those extractable elemental impurities that are relevant to a specific packaging

system. Therefore, the results of 661.1  testing on plastic packaging systems should be
used to establish those elemental impurities that should be monitored as targeted elemental
leachables. 
After appropriate elemental leachables characterization, an additional issue involves assessing
the potential product quality impact of the targeted elemental leachables. In the case of
potential safety impact, the targeted elemental leachables are assessed in the same manner as
organic leachables and elemental impurities. As for other quality attributes, the targeted
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elemental leachables data must be addressed by means established by the individual drug
product applicant. 
Note that one of the differences between the testing for organic leachables (and extractables)
and for elemental impurities is the nature of the information generated. The testing for organic
leachables is based on having established the identity of the chemical compound that is the
leachable. Alternatively, the test methods most commonly employed to address elemental
impurities (atomic spectroscopy) do not establish the compound, or form, that the detected
element is present in. For example, sulfur might be present in the form of elemental sulfur (S8),

as the sulfate (SO4
2), or as a sulfur-containing organic compound (e.g., 2-

mercaptobenzothiazole). Also, silicon might be present either as silicone oil or as SiO2. As the
form of the elemental impurity may have a marked effect on the impurity's impact on product
quality or safety, it may be the case that testing beyond elemental impurity profiling may be
necessary to establish the exact chemical form of the elemental impurity and thus ascertain its
potential safety or product impact.

SUMMARY

The requirement for, and completeness of, a leachables assessment for any particular drug
product can only be determined by the drug product applicant with reference to appropriate

regulatory guidance documents. Detailed recommendations for OINDP are presented in 1664.1

. 
Reference is also made to other compendial chapters in this Pharmacopeia that describe related
extraction studies:

1. Biological Reactivity Tests, In Vitro 87

2. Biological Reactivity Tests, In Vitro 88

3. Elastomeric Closures for Injection 381

4. Containers—Plastic Materials of Construction 661.1

5. Plastic Packaging Systems for Pharmaceutical Use 661.2
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BRIEFING

1664.1  Orally Inhaled and Nasal Drug Products. In the 2010–2015 cycle, the General
Chapters—Packaging, Storage, and Distribution Expert Committee determined the need to
update general chapters that speak to the quality of the packaging systems used to store drug
products. The Expert Committee's initial focus was on the final packaging systems; however, it
was extended to include packaging systems components and their materials of construction.

The suitability of a pharmaceutical packaging system for a drug product can be assessed by

2S (USP37)
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extractables and leachables testing. Out of these characterization studies, specific controls for
a packaging system, its components, or its materials of construction can be established. The

suite of general chapters for packaging systems begins with Plastic Materials of Construction 

661.1 , which is used to characterize the materials of construction, and Plastic Packaging

Systems for Pharmaceutical Use 661.2 , which is used to characterize the final packaging
system or component. Chapters Plastic Systems Used for Manufacturing Pharmaceutical

Products 661.3  and Plastic Medical Devices Used to Deliver or Administer Pharmaceutical

Products 661.4  will be proposed in the future and will address the characterization of plastic
materials used in the manufacturing process and medical devices.

As part of this continuation, the Expert Committee is proposing this general information
chapter to address specific considerations for leachables in orally inhaled and nasal drug
products. A workshop will be held December 9 and 10, 2013, at USP in Rockville, MD, to discuss
comments on the suite of packaging general chapters and potential future revisions.

(GCPS: D.G. Hunt.)
Correspondence Number—C133823

Comment deadline: November 30, 2013

Add the following:

1664.1  ORALLY INHALED AND NASAL DRUG PRODUCTS

INTRODUCTION

This section addresses specific considerations for leachables in orally inhaled and nasal drug
products (OINDP), including metered dose inhalers (MDIs); nasal sprays; inhalation solutions,
suspensions, and sprays; and dry powder inhalers (DPIs). Although OINDP can be a combination
of products that are comprised of drug and device constituent parts, the primary mode of
action is typically through the drug. For this reason OINDP are treated as drugs from a
regulatory perspective. Regulatory guidance documents and detailed best practice
recommendations specific to OINDP are available (1–5). Note that the following discussion is
primarily devoted to organic leachables. For consideration of inorganic (i.e., elemental)
leachables, see Assessment of Drug Product Leachables Associated with Pharmaceutical

Packaging/Delivery Systems 1664 .

KEY TERMS

In addition to the key terms listed in 1664 , some additional key terms more specific to
OINDP are the following:

Critical components are packaging components that contact either the drug product
formulation or the patient, or that affect the mechanics of the overall performance of
the packaging and delivery system, including any necessary secondary packaging. The
identification of critical components for a particular OINDP dosage form is the
responsibility of the applicant in consultation with appropriate regulatory authorities.
Special case compounds are individual (or classes) of compounds that have special
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safety or historical concerns as drug product leachables in OINDP, and therefore must
be evaluated and controlled as leachables (and extractables) by specific analytical
techniques and technology-defined thresholds.

Additional terminology and associated definitions specific to OINDP are available in the cited
references (1–5).

LEACHABLES ASSESSMENT RATIONALE FOR ORALLY INHALED AND NASAL DRUG
PRODUCTS

OINDP are generally categorized as high-risk dosage forms due to safety considerations related
to the route of administration and high probability of packaging component interaction with the

formulation (see Table 1 in 1664 ). The packaging systems used in these drug products
incorporate components of various types, including components composed of polymeric (plastic
or elastomeric) raw materials with complex chemical compositions and therefore a variety of
potential leachables. Chemical entities may migrate (i.e., leach) into the formulation when there
is direct contact with the primary packaging and delivery components for extended periods of
time. In certain cases, there is also the potential for leaching from secondary and tertiary
packaging. In addition, for OINDP, contact of the delivery device with mucosal tissue (mouth or
nasal) is generally expected. Leachables studies for some OINDP may be considered separately
for packaging components that are in continuous contact with the formulation (e.g., vials,
bottles, blisters, metering valve components) versus those that are only in transient contact
(e.g., DPI mouthpiece, MDI mouthpiece). 
OINDP typically require:

A leachables stability study for drug product registration that supports intended storage
and use conditions throughout the proposed shelf-life (see Table 1), ideally on primary
drug product stability batches manufactured with the same lots of packaging
components used in extraction studies (in order to facilitate a leachables–extractables
correlation)
Sensitive, selective, and fully validated leachables analytical methods
Leachables assessments based on safety thresholds [Safety Concern Threshold (SCT):
0.15 µg/day, and Qualification Threshold (QT): 5 µg/day total daily intake (TDI) for an
individual organic leachable; however, for exceptions see Special Case Compounds]
Complete qualitative and quantitative leachables–extractables correlations (which
require that extractables assessments be accomplished on all critical packaging
components; see Assessment of Extractables Associated with Pharmaceutical

Packaging/Delivery Systems 1663 )
Leachables specifications including acceptance criteria (assumes a complete
extractables assessment for each critical packaging component). (Note that in many
cases routine extractables testing for release of critical components can be used to
control drug product leachables in lieu of routine drug product leachables testing,
providing that a comprehensive leachables–extractables correlation is established.)

For OINDP dosage forms based on formulations with relatively lower leaching potential for
organic compounds (e.g., aqueous formulations, dry powder formulations), the above
requirements should be considered and evaluated on a case-by-case basis, including
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consultations with the appropriate regulatory authorities.

Table 1. Example Stability Storage Conditions and Testing Time Points for an OINDP
Registration Leachables Study (5)

Condition
(temperature/relative humidity)

Time Points
(months)

25 ± 2 C/60 ± 5%RH 3, 6, 12, 18, 24, 36 (to end of shelf-life)

30 ± 2 C/65 ± 5%RH 3, 6, 12, 18, 24, 36 (to end of shelf-life)

40 ± 2 C/75 ± 5%RH 3, 6

ORALLY INHALED AND NASAL DRUG PRODUCTS DOSAGE FORM TYPES

Metered Dose Inhaler

MDIs or pressurized MDIs (pMDIs) are defined as “drug products that contain active
ingredient(s) dissolved or suspended in a propellant, a mixture of propellants, or a mixture of
solvent(s), propellant(s), and/or other excipients in compact pressurized aerosol dispensers”
(2,5). Typical MDIs include a metal canister (stainless steel or aluminum; coated or uncoated),
a fixed-volume metering valve (with plastic or elastomeric components), elastomeric seals, and
a plastic actuator or mouthpiece (see Inhalation and Nasal Drug Products: Aerosols, Sprays,

and Powders—Performance Quality Tests 601 ). MDIs are multidose drug container closure
and delivery systems that can contain sufficient formulation for up to several hundred
actuations (label claim) per container. Because many of the critical packaging components are
in continuous contact with an organic solvent-based formulation, the MDI has the highest risk
for formulation-packaging component interaction, and therefore the highest risk for leachables,
of all OINDP dosage forms (or any other dosage form). Because of the leaching potential of
their organic solvent-based formulations, MDIs would typically be expected to show complete
qualitative and quantitative leachables–extractables correlations. Leachables in MDIs should be
characterized (i.e., identified and quantitated) at levels above a calculated analytical
evaluation threshold (AET). An AET can be calculated for any OINDP dosage form with
consideration of the SCT for OINDP (i.e., 0.15 µg/day for an individual organic leachable). An
example AET calculation for an MDI follows. 
Given an MDI drug product with 200 labeled actuations per canister, a maximum recommended
patient exposure of 12 actuations per day, and a critical valve component mass per valve of
200 mg, for an individual organic leachable derived from this valve component, the following
AET can be estimated:

Leachables Estimated AET = 2.5 µg/canister

To convert to an estimated AET, which would be a useful guide for characterizing potential

leachables via extraction studies of this particular valve component (see 1663 ):
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Extractables Estimated AET = 12.5 µg/g

The AET calculation should not be modified to account for variables, such as manufacturing
overfill in the canister to compensate for leak rate or fill variability, unless such modification can
be scientifically justified. 
Analytical methods for leachables testing of MDI drug products can be based on processes
such as “cold filtration” of suspension formulations to remove active ingredient and excipient
particles (6) or careful venting of the volatile organic propellant, which retains leachables in a
residue within the canister (7). Because sample preparation procedures for MDI formulations
can be complex and typically require the volatile propellant to be reduced to dryness at some
point, creating the possibility for loss of leachables before sample analysis, it is particularly
important to demonstrate adequate recoveries of leachables through the use of spiked MDI
samples. 
Although it is unlikely to contribute leachables to the emitted drug product aerosol plume,
potential patient exposure to chemical entities from the MDI plastic actuator or mouthpiece

should be assessed at a threshold of 20 µg/g (see 1663 ). Additional studies and references
required to assess patient exposure to actuator- or mouthpiece-derived chemicals include
reference to indirect food additive regulations and the application of Biological Reactivity Tests,

In Vitro 87  and Biological Reactivity Tests, In Vivo 88  (2). Note that “spacers” and other
devices designed for use with MDIs should also be characterized if a particular device is
specified on the drug product label (3). 
When constructed from materials acceptable for food contact, MDI actuators and mouthpieces,
“spacers”, and other components and devices specified in the drug product labeling generally
only require appropriate characterization (i.e., extraction studies and routine extractables
testing) in order to assure continued consistent composition of the component or device. 
In addition, based on applicable regulatory guidance (2), drug product applicants should

consider the following (see 1663 ):
Development and validation of surface organic residue release tests for incoming
uncoated metal canisters, with appropriate acceptance criteria
Development and validation of extractables release tests for the inner surfaces of
incoming coated canisters, with appropriate acceptance criteria
Development and validation of extractables release tests for incoming metering valve
critical components, with appropriate acceptance criteria
Development and validation of extractables profile release tests for incoming actuators
or mouthpieces, with appropriate qualitative and quantitative acceptance criteria.

Nasal Sprays

Nasal sprays are defined as “drug products that contain active ingredients dissolved or
suspended in a formulation, typically aqueous-based, which can contain other excipients and
are intended for use by nasal inhalation” (1,5). Nasal sprays include a plastic container and
components (usually plastic) that are responsible for formulation metering, atomization, and

delivery to the patient (see 601 ). Critical components include those that are in constant
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contact with the formulation (e.g., the container, dip tube) and components that are in the
liquid pathway during actuation of the device and that do not permit quick evaporation of
residual surface liquid (4). Because nasal sprays are typically aqueous-based formulations, and
the vast majority of potential organic leachables are relatively lipophilic, the risk for
formulation-packaging component interaction is lower relative to the organic propellant-based
MDIs, and the risk for organic leachables is lower. Leachables in nasal sprays should be
characterized (i.e., identified and quantitated) at levels above a calculated AET. An AET can
be calculated for any OINDP dosage form with consideration of the SCT for OINDP (i.e., 0.15
µg/day for an individual organic leachable). An example AET calculation for a nasal spray
follows. 
Given a nasal spray drug product with 120 labeled actuations per container, a maximum
recommended patient exposure of 4 actuations per day, and a critical component (plastic dip
tube) mass of 250 mg, for an individual organic leachable derived from this component, the
following AET can be estimated:

Leachables Estimated AET = 4.5 µg/container

Given a total fill volume of 10 mL:

Estimated AET = (4.5 µg/container)/(10 mL/container)

Estimated AET = 0.45 µg/mL

To convert to an estimated AET, which would be a useful guide for characterizing potential

leachables via extraction studies of this particular plastic dip tube (see 1663 ):

Extractables Estimated AET = 18 µg/g

The AET calculation should not be modified to account for variables, such as manufacturing
overfill, unless such modification can be scientifically justified. 
All nasal spray packaging system critical components should be subjected to extractables

assessments (see 1663 ). Potential patient exposure to chemical entities from nasal spray
critical components not in continuous contact with the drug product formulation should be

assessed at a threshold of 20 µg/g (see 1663 ). Additional studies and references required
to assess patient exposure to nonformulation contact critical component derived chemicals

include reference to indirect food additive regulations and the application of 87  and 88
(1). 
When constructed from materials acceptable for food contact, nasal spray critical components
not in continuous contact with the drug product formulation generally only need to be
appropriately characterized (i.e., extraction studies and routine extractables testing) in order
to assure continued consistent composition of the component. 
In addition, based on applicable regulatory guidance (1), drug product applicants should
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consider the following (see 1663 ):
Development and validation of extractables release tests for incoming container closure
and pump critical components, with appropriate qualitative and quantitative acceptance
criteria.

Inhalation Solutions, Suspensions, and Sprays

Inhalation solutions, suspensions, and sprays are defined as “drug products that contain active
ingredients dissolved or suspended in a formulation, typically aqueous-based, which can contain
other excipients and are intended for use by oral inhalation” (1,5). Inhalation solutions and
suspensions are intended for use with a nebulizer (1,5). Inhalation sprays, like MDIs and nasal
sprays, are combination products where the components responsible for the metering,
atomization, and delivery of the formulation to the patient are a part of the container closure
system (1,5). Critical components include components that are in constant contact with the
formulation and components that are in the liquid pathway during actuation of the device and
that do not permit quick evaporation of residual surface liquid (3). Leachables in inhalation
sprays should be characterized (i.e., identified and quantitated) at levels above a calculated
AET. An AET can be calculated for any OINDP dosage form with consideration of the SCT for
OINDP (i.e., 0.15 µg/day for an individual organic leachable). An example AET calculation for an
inhalation spray follows. 
Given an inhalation spray drug product with 120 labeled actuations per container, a maximum
recommended patient exposure of 4 actuations per day, and a critical component (plastic dip
tube) mass of 400 mg, for an individual organic leachable derived from this component, the
following AET can be estimated:

Leachables Estimated AET = 4.5 µg/container

Given a total fill volume of 4.5 mL:

Estimated AET = (4.5 µg/container)/(4.5 mL/container)

Estimated AET = 1 µg/mL

To convert to an estimated AET, which would be a useful guide for characterizing potential

leachables via extraction studies of this particular plastic dip tube (see 1663 ):

Extractables Estimated AET = 11.3 µg/g

The AET calculation should not be modified to account for variables, such as manufacturing
overfill, unless such modification can be scientifically justified. 
Because inhalation solutions and suspensions are similar to nasal spray and inhalation spray
drug products in that they are typically aqueous-based formulations, and the vast majority of
potential organic leachables are relatively lipophilic, the risk for formulation-packaging
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component interaction is lower relative to the organic propellant-based MDIs, and the risk for
organic leachables is lower. However, unlike MDIs, nasal and inhalation spray drug products,
inhalation solutions, and suspensions are typically packaged in plastic unit dose containers (i.e.,
nebules). Leaching can potentially occur from the unit dose container [e.g., low-density
polyethylene (LDPE)], which is in long-term continuous contact with the drug product
formulation. It is also possible that organic chemical entities associated with paper labels,
adhesives, inks, etc. in direct contact with the permeable unit dose container can migrate
through the container and into the formulation. Leachables from tertiary packaging systems
(e.g., cardboard shipping containers) are also possible. Leachables in inhalation solutions and
suspensions should be characterized (i.e., identified and quantitated) at levels above a
calculated AET. An AET can be calculated for any OINDP dosage form with consideration of the
SCT for OINDP (i.e., 0.15 µg/day for an individual organic leachable). An example AET
calculation for an inhalation solution follows. 
Given an inhalation solution with 3 mL of drug product contained in a LDPE unit dose vial (1 g
total weight of LDPE), with a maximum recommended patient exposure of three vials per day,
for an individual organic leachable derived from this component, the following AET can be
estimated:

Leachables Estimated AET = 0.05 µg/container

Estimated AET = (0.05 µg/container)/(3 mL/container)

Estimated AET = 0.017 µg/mL

To convert to an estimated AET, which would be a useful guide for characterizing potential

leachables via extraction studies of this particular plastic unit dose vial (see 1663 ):

Extractables Estimated AET = 0.05 µg/g

The challenge of characterizing drug product leachables at levels of 17 ng/mL in an aqueous
drug product is considerable, even given the capabilities of modern analytical chemistry. For
this particular inhalation solution example, it might be appropriate to implement a simulation

study (see 1663  and 1664 ) to facilitate the discovery and identification of probable
leachables, with actual drug product leachables being quantitated (if required) with high-
sensitivity target compound analytical techniques and methods. 
All inhalation solution, suspension, and spray packaging system critical components should be

subjected to extractables assessments (see 1663 ). Potential patient exposure to chemical
entities from inhalation solution, suspension, and spray critical components not in continuous

contact with the drug product formulation should be assessed at a threshold of 20 µg/g (see 

1663 ). Additional studies and references required to assess patient exposure to
nonformulation contact critical component-derived chemicals include reference to indirect food
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additive regulations and application of 87  and 88  (1). When constructed from materials
acceptable for food contact, inhalation solution, suspension, and spray critical components not
in continuous contact with the drug product formulation generally only need be appropriately
characterized (i.e., extraction studies and routine extractables testing) in order to assure
continued consistent composition of the component. Critical components of nebulizers and
other devices designed for use with inhalation solutions and suspensions should also be
characterized with respect to extractables and leachables if a particular device is specified in
the drug product labeling. 
Based on applicable regulatory guidance for inhalation solutions, suspensions and sprays (1),

drug product applicants should consider the following (see 1663 ):
Development and validation of extractables release tests for incoming container closure
and pump critical components, with appropriate qualitative and quantitative acceptance
criteria
Consideration of validated tests for probable leachables from labels, inks and adhesives,
etc., with appropriate acceptance criteria (should these be appropriate and applicable).

Dry Powder Inhalers and Inhalation Powders

DPIs are defined as “drug products designed to dispense powders for inhalation” (2,5). The drug
substance in an inhalation powder has a particle size distribution in the respirable range, and
may be a physical mixture of active pharmaceutical ingredient(s) with carrier particles or a

formulated combination of active ingredient and excipients (see 601 ). The powder may be
contained in a unit dose packaging system (e.g., capsule, blister), or reside in bulk in a
reservoir inside the delivery device itself. In the latter case, the dose is metered by the device.
The delivery device may actively disperse the powder from the container or rely on patient
inspiration to supply the energy necessary to disperse the particles. The components and the
design of the device are integral to the aerosol characteristics (i.e., mass and particle size
distribution) of the formulation delivered to the patient. There is a wide diversity of DPI designs
and characteristics 2). 
Of all OINDP, the DPI has the lowest risk of exposing a patient to leachables at significant
levels. The reasons for this are:

1. The DPI drug product formulation is a dry powder, and contains no solvent, either
organic or aqueous, which can promote leaching of organic (or inorganic) chemical
entities.

2. In a unit dose DPI, the drug product formulation is contained in a separate packaging
system, and is usually only in transient contact with critical components of the device
itself.

The most likely source of leachables in a unit dose DPI would be the material composing the
unit dose container, such as a foil laminate blister or capsule material, or the material
composing the drug product reservoir in a multidose DPI (including antistatic surface additives).
Leaching would have to occur either via direct contact of the drug product powder with the
packaging material, via volatilization of organic chemical entities from the container closure
material with deposition on the dry powder, or via migration of organic chemical entities through
the primary packaging material with deposition on the dry powder. The possibility of observing
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leachables from the DPI unit dose container is best evaluated with detailed extraction studies
on the container material to identify potential leachables, which could possibly migrate to the
dry powder by either solid-solid contact or volatilization and have potential safety concerns. 
The device and packaging materials are typically evaluated for potential leachables by

extraction and simulation studies (see 1663 ) to determine whether there are chemical
entities at levels that would pose a safety concern. The evaluation of materials that contain
the inhalation powder must consider the inks and any other processing aids used in the
manufacture of the container so that all potential leachables are characterized. The types of
compounds of greatest concern for inhalation powders are those that may migrate from the
primary packaging (i.e., unit dose container or multidose reservoir) into the formulation.
Extraction and simulation studies should consider all possible mechanisms of leaching, including
volatilization. Actual and potential leachables in inhalation powders derived from critical
components of the packaging system or device that may have continuous long-term contact
with the drug product formulation should be characterized (i.e., identified and quantitated) at
levels above a calculated AET. An AET can be calculated for any OINDP dosage form with
consideration of the SCT for OINDP (i.e., 0.15 µg/day for an individual organic leachable). An
example AET calculation for an inhalation powder follows. 
Given a DPI containing 13 mg of inhalation powder in a unit dose blister with 50 mg of blister
material either in direct contact with the formulation or capable of volatilizing leachables into
the headspace above the formulation, with a maximum recommended daily exposure of 2
actuations per day, for an individual organic leachable derived from this material, the following
AET can be estimated:

Leachables Estimated AET = 0.075 µg/blister

To convert relative to the total mass of drug product in a blister:

Estimated AET = (0.075 µg/blister)/(0.013 µg drug product/blister)

Estimated AET = 5.8 µg/g drug product

To convert to an estimated AET, which would be a useful guide for characterizing potential

leachables via extraction studies of this particular blister material (see 1663 ):

Extractables Estimated AET = 1.5 µg/g

The challenge of characterizing drug product leachables at levels of 5.8 µg/g in an inhalation
powder is considerable, even given the capabilities of modern analytical chemistry. For this

particular DPI example, it might be appropriate to implement a simulation study (see 1663

and 1664 ) to facilitate the discovery and identification of probable leachables from the
blister material, with actual drug product leachables being quantitated (if required) with high-
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sensitivity target compound analytical techniques and methods. 
All inhalation powder packaging system and DPI device critical components should be subjected

to extractables assessments (see 1663 ). Potential patient exposure to chemical entities
from inhalation powder packaging system and DPI device critical components not in continuous

contact with the drug product formulation should be assessed at a threshold of 20 µg/g (see 

1663 ). Additional studies might be required to assess patient exposure to nonformulation
contact critical component derived chemicals, including reference to food additive regulations

and application of 87  and 88  (2). 
When constructed from materials acceptable for food contact, inhalation powder packaging
system and DPI device critical components not in continuous contact with the drug product
formulation generally only need be appropriately characterized (i.e., extraction studies and
routine extractables testing) to assure continued consistent composition of the component. 
In addition, for DPIs and inhalation powders, and based on applicable regulatory guidance (2),

drug product applicants should consider the following (see 1663 ):
Development and validation of extractables release tests for incoming inhalation powder
packaging system and DPI device critical components, with appropriate qualitative and
quantitative acceptance criteria.

ADDITIONAL CONSIDERATIONS

Analytical Uncertainty

An AET is that concentration above which unknown leachables should be characterized and
reported for toxicological assessment. Target leachables (previously characterized as potential
or probable leachables from extractables or simulation studies) will have known safety profiles
and previously established leachables thresholds. In addition, reference compounds for
previously characterized potential leachables will allow for accurate and precise quantitation of
those target leachables as actual drug product leachables. Characterization of unknown
leachables requires consideration of analytical uncertainty, as the location of an AET in a given
leachables profile (e.g., a gas chromatography/mass spectrometry [GC/MS] chromatogram)
must be accomplished relative to an internal standard(s) within the leachables profile.
Analytical uncertainty for a particular analytical technique or method can be estimated based
on the analysis of a series of reference compounds to create a response factor database. The
reference compounds included in this database should represent all known potential leachables
(i.e., as determined from extractables assessments). For OINDP, it is recommended (3,5) that
the estimated AET be lowered by a factor defined as 1% relative standard deviation in an
appropriately constituted response factor database, or a factor of 50% of the estimated AET,
whichever is greater. Detailed examples of response factor databases and AET determinations
are available (3,5).

Special Case Compounds

Polycyclic Aromatic Hydrocarbons (PAHs) or Polynuclear Aromatics (PNAs), N-nitrosamines, and
2-mercaptobenzothiozole (2-MBT) are considered to be “special case” compounds (i.e.,
compounds with special safety and historical concerns), requiring special characterization
studies using specific analytical techniques and methods (1–3,5). Thresholds for
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characterization of these compounds as extractables or leachables in OINDP are typically based
on the limits of these specific analytical techniques and methods. Table 2 lists the PNAs and N-
nitrosamines that, along with 2-MBT, are typically investigated as extractables and leachables
in OINDP.

Table 2. PAHs, PNAs, and N-Nitrosamines Typically Investigated as Extractables and
Leachables for OINDP

Target PAHs/PNAs Target N-nitrosamines

Naphthalene N-Nitrosodimethylamine
Acenaphthylene N-Nitrosodiethylamine
Acenaphthene N-Nitrosodi-n-butylamine
Fluorene N-Nitrosomorpholine
Phenanthrene N-Nitrosopiperidine
Anthracene N-Nitrosopyrrolidine
Fluoranthene —
Pyrene —
Benzo(a)anthracene —
Chrysene —
Benzo(b)fluoranthene —
Benzo(k)fluoranthene —
Benzo(e)pyrene —
Benzo(a)pyrene —
Indeno(123-cd)pyrene —
Dibenzo(ah)anthracene —
Benzo(ghi)perylene —

PNAs have been associated with carbon black filler used in many types of elastomer. Analysis of
PNAs, either as elastomer extractables or as drug product leachables, usually involves
quantitative extraction followed by highly specific and sensitive analysis of resulting extracts.
GC/MS with selected-ion-monitoring has been reported for analysis of target PNAs as
leachables in MDI drug products, for example 6). N-Nitrosamines are reaction products between
specific organic precursor molecules, secondary amines (R2NH), and a “nitrosating agent”. In
the compounding of rubber, secondary amines are likely formed from certain vulcanization
accelerators such as thiurams and dithiocarbamates. Potential nitrosating agents include NO+,
N2O3, N2O4, etc., certain of which can be formed from commonly used chemicals such as
sodium nitrite (NaNO2), which has many industrial uses. Analysis of N-nitrosamines in rubber as
potential leachables involves quantitative extraction followed by analysis of extracts with gas
chromatography/thermal energy analysis detection (GC/TEA) (8). Analysis of N-nitrosamines as
leachables in MDI drug products using GC/TEA has been reported (7). The 2-MBT is a
vulcanization accelerator, which is used in certain sulfur-cured elastomers, and can be
analyzed by extraction followed by LC/MS (5).
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1736  APPLICATIONS OF MASS SPECTROMETRY

I. INTRODUCTION

Mass spectrometry (MS) is an integral part of modern pharmaceutical research and
development in academic, industrial, and clinical laboratories. Trace analytical measurement
(both qualitative and quantitative), specifically the demand for trace-mixture analysis, has
increased the need for this powerful tool. In many cases, the analytical demands of trace-
mixture sample analysis has made MS the method of choice for qualitative and quantitative
assays for target analytes such as proteins, peptides, drug substances, metabolites, impurities,
and degradation products. Because of its analytical capabilities, MS has found widespread
application in the pharmaceutical industry. Specifically within the compendial context, MS has
been, or has the potential to be, applied to both qualitative (identification tests) and
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quantitative measurements (assays). 
In its simplest form, a mass spectrometer can be viewed as a sensitive, specific, and accurate
analytical balance. 
For qualitative tests, MS-based methods can provide molecular weight information via the
detection of the molecular ion or ions related to the molecular weight of the analyte as a first
level or step of identification. A variety of instrumental methods permit molecular weight
determinations for a wide range of materials, up to and including large biomolecules (e.g.,
proteins) and polymers. Along with the molecular weight information, MS also can provide
unique structural information via the generation of fragment ions. The diversity of
fragmentation approaches available in modern MS allows structurally significant fragmentation
approaches for a wide variety of compendially relevant materials (e.g., small molecules and
peptides). 
Molecular weight thus can become a surrogate for confirmation or can even be used for the
identification of a targeted compound, particularly when used in conjunction with an authentic
standard or a chromatographic method. Advanced studies that involve one or two more
dimensions of mass analysis also can be used to obtain specific structural detail (fragment ions
that correspond to structurally unique portions of the target molecule) or more selectivity to
enable powerful approaches for quantitation. Moreover, higher resolution methods that feature
mass spectrometry and chromatography can routinely provide a benefit to the scientific
community. 
Modern analytical MS includes a diverse range of available instrumentation and experimental
approaches. The specific mass spectrometer, and, of course, specific chemistries (i.e., sample
preparation, chromatography, and ionization) define the final analytical procedure.

2. MASS SPECTROMETERS

The following sections describe the principles of MS, including the general layout of modern MS
instrumentation used in the pharmaceutical industry and the specific components (sample
introduction, ionization, and mass analyzer). This section also includes a brief description of the
operational modes of a mass spectrometer, focusing on fragmentation production and analysis.

2.1 Overview

Analytical measurements that use MS generally involve the following processes: sample
preparation, chromatography or sample introduction, ionization, and mass analysis and
detection. The resulting output from the mass spectrometer is depicted in a mass spectrum, a
survey of ions made in the ion source, and is represented in a graphic representation of mass-
to-charge ratio (m/z) versus intensity. 
Ions are separated by a property of mass such as m/z, where m is the mass of the ion and z is
the number of charges on the ion. The method by which ions are separated typically defines
the mass spectrometer type. Regardless of type, the mass analyzer separates ions according
to the m/z, from low-mass ions to high. The mass analyzer continuously acquires data across a
predefined range of masses to generate the resulting mass spectra, a survey of ions generated
in the ion source.

2.2 General Layout
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A general layout of a mass spectrometer platform for pharmaceutical analysis is shown in Figure
1. Samples are prepared via a procedure defined for the specific sample and analyte. The
resulting sample then is injected into the mass spectrometer via a chromatographic system
such as high-performance liquid chromatography (HPLC) or gas chromatography (GC) or via
direct injection. From the inlet, the discrete analytes are ionized for subsequent analysis by the
mass spectrometer. All mass spectrometers require three components:

1. An ionization source to charge the analyte
2. A mass analyzer to separate the analytes on a mass/charge (m/z) scale
3. A detector to count the ions.

Figure 1. General MS system. HPLC = high-performance liquid chromatography; UV = ultraviolet
detector. (Courtesy of Milestone Development Services, Newtown, PA)

MS can be categorized by the dimensions of mass analysis: single-stage mass spectrometers,
hybrid or tandem mass spectrometers (MS/MS), and multiple stages of mass analysis (MSn).
These mass spectrometer formats are described in this section.

2.2.1 SINGLE-STAGE MS

A single-stage mass spectrometer provides one dimension of mass analysis. As shown in the
schematic in Figure 2, a single mass spectrometer can be viewed simply as providing a survey
of all ions generated in the ion source. For example, if a 10-component mixture is injected into
a chromatograph and each component is separated with adequate resolution, then the mass
spectrometer would provide discrete measurement of mass (molecular weight assignment) of
each of the 10 components. The resulting mass spectrum of each component is generated for
subsequent interpretation and assignment of molecular weight.
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Figure 2. One-dimensional MS scan. Q1 = single-stage mass spectrometer or a single stage of
analysis. (Courtesy of Milestone Development Services, Newtown, PA)

2.2.2 TANDEM MASS SPECTROMETRY (MS/MS)

A system with two mass analyzers in sequence (i.e., a tandem mass spectrometer) provides
increased selectivity for detailed structure elucidation or quantitative analysis.

2.2.3 MULTIPLE STAGES (MSN)

A unique feature of some MS formats is the capability to perform multiple stages of MS and to
generate further fragment information. These mass spectrometers are capable of isolating an
ion of interest, inducing fragmentation, isolating a specific product ion and then repeating this
process on the resulting or selected product ion.

2.3 Sample Introduction

Several approaches can be used to introduce the sample into the mass spectrometer. The
direct, infusion, and chromatographic procedures are described in this section.

2.3.1 DIRECT INTRODUCTION

For some sample types and applications, a direct insertion probe is used to introduce the
sample into the mass spectrometer. The sample, usually a pure compound or relatively pure
compound, is dissolved in an appropriate solvent. A small amount of the sample (typically 1 µL
or less) is deposited onto the probe. Typically, the probe consists of a metal filament, such as
platinum, located at its tip. The metal filament is heated, and the sample is desorbed into the
ion source of the mass spectrometer. The probe then is removed from the mass spectrometer
and is prepared for the next sample.

2.3.2 INFUSION INTRODUCTION

Sample introduction via infusion typically is done to provide a relatively long analysis time or
perhaps to conduct a quick survey of a sample. Infusion introduction also can be done when
analysts optimize the instrumental conditions (source and mass spectrometer operational
parameters) for a specific analyte as well as to obtain greater numbers of spectra. This sample
introduction method may require more sample than conventional flow rates. However, infusion
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sample introduction is widely practiced for nanospray ionization applications for the analysis of
proteins and peptides as well as during specialized nanospray applications with small molecules
in drug metabolism to determine structure or equimolar response ratios.

2.3.3 CHROMATOGRAPHIC INTRODUCTION

The use of chromatography methods for sample introduction into the mass spectrometer is
perhaps the most common approach.

2.3.3.1 Gas chromatography: GC procedures are preferred for nonpolar, volatile analytes (see

Chromatography 621 . Samples contained in solvent are injected onto the injection port of
the GC. The sample is volatilized, and a nonreactive, inert gas such as helium carries the
sample through the GC column, which is contained in a temperature-controlled oven. The
combination of carrier gas and heat moves the analyte through the column. Capillary GC
columns are commonly used in pharmaceutical applications. Molecules separate within the
capillary column and are introduced directly into the ion source of the mass spectrometer.

2.3.3.2 High-performance liquid chromatography: A popular approach for sample

introduction into the mass spectrometer involves HPLC (see 621 ). HPLC procedures are
preferred for polar analytes. Samples are prepared in solution and then injected onto the HPLC
column. Analytes are separated based on the partitioning between the mobile phase and
stationary phase and are introduced into the ion source of the mass spectrometer. The effluent
is volatilized in the ion source, and ionization occurs. The subsequent ions then are introduced
into the mass spectrometer for analysis.

2.3.3.3 Capillary electrophoresis: Capillary electrophoresis (CE), also called capillary zone
electrophoresis (CZE), is a separation method that exploits subtle differences in the ionic
composition of analytes to separate them based on electrophoretic mobility in a conductive
liquid. Details regarding the principles and use of this methodology can be found in Capillary

Electrophoresis 1053 . During the past 15 years this separation method periodically has been
used with MS as an alternative to LC–MS for certain classes of compounds. However, with the
widespread use of HPLC in analytical and MS laboratories, CE-coupled MS methods often are
superseded by LC–MS methods.

2.4 Ion Polarity

Ionization involves the process of converting the analyte into the gas phase and depositing a
charge onto the molecule. The final charge of the analyte determines the ion polarity to be
used in the mass analysis. Generally, selection of the ionization mode depends on the ability of
the desired analyte to accept or lose a proton during the ionization process. MS can be
performed in the positive or negative ion polarity mode.

2.4.1 POSITIVE ION MODE

Many MS pharmaceutical analyses use the positive ion mode. For example, compounds that
contain a basic functional group such as an amine (e.g., proteins and peptides) are excellent
candidates for MS analyses in the positive ion mode because under acidic conditions these
compounds readily accept a proton on the amine to form a 1+ charged ion.

2.4.2 NEGATIVE ION MODE
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The negative ion mode is well suited for compounds that can easily lose a proton. Compounds
that contain a carboxylic acid, phosphate, or a sugar, for example, are good candidates for
negative ion MS.

2.5 Ionization Procedures

A variety of ionization procedures can be used with a mass spectrometer for pharmaceutical
analysis. The various ionization procedures are described in this section.

2.5.1 ELECTRON IONIZATION

Electron ionization (EI) is used mostly with GC applications when the analytes of interest are
nonpolar and are easily volatilized. Mass spectra produced by EI procedures are characterized
by extensive fragmentation. Because EI typically produces extensive fragmentation, EI is
considered a hard-ionization mode. Mass spectra are obtained when a 70 eV electron beam
enters the source and impacts the analyte molecules present in the gas phase:

M + e ® M+· + 2e

Nearly all EI applications are conducted in the positive ion mode. These spectra are highly
reproducible. Thus, EI spectral libraries can be used to determine the structure and to confirm
the identity of unknown compounds.

2.5.2 CHEMICAL IONIZATION

Chemical ionization (CI) procedures rely on electron ionization of reagent ions such as methane,
ammonia, or isobutene. The reagent ions react with the analyte molecules (ion–molecule
reaction) in the source of the mass spectrometer. In the positive ion mode, analyte molecules
are ionized via proton transfer and/or adduct formation, producing even electron molecular ion
species or adduct ions. Depending on the analyte, both positive and negative ion spectra can
be obtained with CI procedures. CI is considered a softer ionization (less fragmentation of the
molecular ions) mode than EI although some approaches can induce fragmentation depending
on the CI gas chosen and the structure of the analyte molecule. Representative CI ionization
reactions for both GC–MS and LC–MS methods follow. 
Protonated molecular ion formation (GC–MS example):

a. CH4 + e ® CH4
+ + 2e

b. CH4
+ + CH4® CH5+ + CH3

c. CH3+ + CH4® C2H5+ + H2

d. M + C2H5®+ [M + H]+ + C2H4

Protonated molecular ion formation (LC–MS example):

M + NH4
+® NH3 + [M + H]+

Adduct ion formation (LC–MS example):
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M + NH4
+ [M + NH4]+

2.5.3 ATMOSPHERIC PRESSURE IONIZATION

Atmospheric pressure ionization (API) procedures allow the direct introduction of samples into
the mass spectrometer from a liquid interface such as an HPLC. The two most common forms of
API used in pharmaceutical analyses are electrospray ionization (ESI) and atmospheric pressure
chemical ionization (APCI).

2.5.4 ELECTROSPRAY IONIZATION

ESI is a method that produces fine charged droplets of a liquid phase that carries the analyte
of interest. The liquid phase typically is a volatile combination of water and organic solvent
(e.g., acetonitrile or methanol). A small percentage of a reagent (e.g., 0.1% formic acid) also is
included to increase the conductivity of the solution. ESI typically is used with HPLC and
involves the nebulization of the sample delivered at flow rates that range from nL/min to mL/min
to produce a fine spray of droplets (radius = 0.5–1.0 µm). Solvent evaporation results in an
increased charge concentration at the droplet surface until ions are liberated directly from the
droplet. Ions are transported or focused directly into the mass spectrometer, and the resulting
spectra contain ions that are typically indicative of the molecular weight of the analyte. 
ESI often is referred to as a soft-ionization procedure because typically it does not result in
fragmentation of the analyte during the ionization process. The development of this ionization
technology was crucial for the analysis of large biopolymers (e.g., proteins) because it allows
the addition of multiple charges to a single molecule, thus bringing the m/z of the analyte into
a suitable m/z range for many types of mass analyzers. For example, Figure 3 shows the ESI
charge state distribution for equine heart apomyoglobin as analyzed on a simple single
quadrupole instrument with an upper scan limit of m/z 2000. The series of multiply charged ions
allows the spectrum to be collected within the instrument's working m/z range. The ability to
calculate the intact mass of the protein from a combination of all the charge states allows a
more accurate average mass (see inset in Figure 3) to be determined (within 0.1% on a simple
quadrupole instrument). Thus ESI methods are critically important for the analysis of large
biomolecules.
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Figure 3. Electrospray ionization mass spectrum for equine heart apomyoglobin.

2.5.5 ATMOSPHERIC PRESSURE CHEMICAL IONIZATION

APCI procedures are used with HPLC and involve the nebulization and heating of the sample to
liberate neutral molecules. A corona discharge produces reagent ions (e.g., H3O+ or NH4

+) from
the mobile phase. The reagent ions react with analyte molecules via proton transfer or adduct
formation. The resulting positive ion spectrum typically contains [M + H]+ ions that are
indicative of molecular weight and fragment ions that correspond to unique substructure(s) of

the analyte molecule. Negative ion spectra are generated when reagent ions (e.g., OH  or

CH3COO ) react with the analyte molecule to produce [M  H]  ions.

2.5.6 MATRIX-ASSISTED LASER DESORPTION IONIZATION

Matrix-assisted laser desorption ionization (MALDI) is a soft-ionization procedure used primarily
for biomolecules that relies on the addition of a chemical matrix dried with the analyte of
interest. This matrix compound can absorb laser energy at a particular wavelength during the
laser ablation process. By a mechanism that has not been fully elucidated, some of the ions
generated in the matrix can transfer protons to the analyte, and the resulting gas-phase ions
are focused into the mass spectrometer. Specific matrices have been empirically developed for
various classes of analytes, including 3,5-dimethoxy-4-hydroxycinnamic acid (sinapinic acid)
and -cyano-4-hydroxycinnamic acid for proteins and peptides and picolinic acid for
oligonucleotides. Unlike ESI, MALDI typically produces lower charge-state ions, with singly
charged ions being the most favorable.

2.5.7 AMBIENT IONIZATION PROCEDURES
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Ambient ionization generally refers to a collection of MS procedures that permit direct sampling
and interrogation of analytes from sample matrices or surfaces under ambient conditions with
little or no pretreatment. In recent years, the number and type of ambient ionization
procedures have rapidly expanded. This is evident from the proliferation in recent literature of
acronyms that represent various ambient ionization procedures. Ambient ionization has enjoyed
broad application in fields that include forensics; food safety; monitoring of environmental
contaminants; polymers; fuels; detection of explosives and drugs of abuse; molecular imaging
of surfaces and tissues; profiling and characterization of metabolites, proteins, and
biomolecules; as well as monitoring of chemical reactions and processes. 
Ambient ionization procedures typically produce analyte ions directly from sample surfaces or
require initial production of analytes that subsequently are ionized by any of several processes.
Therefore, ambient ionization procedures can be broadly categorized as representing either
direct or multistage ionization mechanisms. Direct ionization procedures generate analyte ions
from a sample solution or droplet in an electric field, or desorb analyte ions by impinging a
sample surface with charged droplets or solvent ions, photons, or metastable atoms. Multistage
ionization procedures initially produce analyte particle or droplets with a liquid or gas stream,
thermal desorption, irradiation or ablation with a laser, or nebulization. Analytes subsequently
react with a charged species or with metastable atoms generated by ESI, APCI, or
photoionization to produce analyte ions. 
Table 1 is a representative, but not comprehensive, listing of ambient ionization procedures and
illustrates the diversity and similarity among various approaches.

Table 1. Ambient Ionization Procedures

Acronym Description Mechanisms

APGDDI Atmospheric pressure glow discharge
desorption ionization

Thermal desorption, gas discharge
ionization

APPeIa Atmospheric pressure Penning ionization Similar to APCI

AP–TD/ESIa Atmospheric pressure thermal
desorption/electrospray ionization

Thermal desorption, ESI

ASAPa Atmospheric pressure solids analysis probe Thermal desorption

DAPCI Desorption atmospheric pressure chemical
ionization

Thermal desorption, APCI

DAPPIa Desorption atmospheric pressure
photoionization

Thermal desorption, photoionization

DARTa Direct analysis in real time Gas discharge ionization

DBDI Dielectric barrier discharge ionization Thermal desorption, gas discharge
ionization

DCBI Desorption corona beam ionization Thermal desorption, APCI
DESI Desorption electrospray ionization Similar to ESI
EADESI Electrode-assisted desorption electrospray

ionization
Similar to ESI

EASI Easy ambient sonic spray ionization Supersonic spray ionization
EESIa Extractive electrospray ionization Similar to ESI

ELDIa Electrospray laser desorption ionization Laser desorption or ablation, ESI

FD–ESIa Fused droplet electrospray ionization Similar to ESI
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IR–LADESIa Infrared laser-assisted desorption
electrospray ionization

Laser desorption or ablation, ESI

LAESIa Laser ablation electrospray ionization Laser desorption or ablation, ESI

LD–APCIa Laser desorption atmospheric pressure
chemical ionization

Laser desorption, APCI

LD–ESIa Laser desorption electrospray ionization Laser desorption, ESI

LDSPIa Laser desorption spray postionization Laser desorption or ablation

LDTDa Laser diode thermal desorption Thermal desorption

LEMSa Laser electrospray mass spectrometry Laser desorption or ablation

LESAa Liquid extraction surface analysis Similar to ESI, surface extraction
with solvent droplet

LIAD–ESIa Laser-induced acoustic desorption
electrospray ionization

Laser desorption or ablation, similar
to ESI

LPI–MSa Liquid surface Penning ionization mass
spectrometry

Similar to APCI

LSI Laser spray ionization Laser desorption or ablation
MALDESIa Matrix-assisted laser desorption

electrospray ionization
Laser desorption or ablation

PADI Plasma-assisted desorption ionization Thermal desorption, gas discharge
ionization

SESIa Secondary electrospray ionization Similar to ESI

TDAMSa Thermal desorption based ambient mass
spectrometry

Thermal desorption

TD/APCIa Thermal desorption/atmospheric pressure
chemical ionization

Thermal desorption, similar to APCI

a  Multistage ionization procedure.

3. MASS ANALYSIS

The method by which ions are separated typically defines the mass spectrometer type.
Essentially, the mass analyzer is responsible for filtering the ions generated during the ionization
process. The various mass analyzers that typically are used in the pharmaceutical industry are
described in this section.

3.1 Quadrupole

A quadrupole mass spectrometer consists of a set of four parallel rods. When a combination of
constant (DC) and alternating (AC) voltage are applied to the opposing rods respectively, the
resulting electric fields allow ions of a specific m/z to stably transit the quadruple and to pass
through to the detector. Quadrupole mass spectrometers are relatively low-cost instruments
and provide good qualitative and quantitative analytical capabilities. Generally, quadrupole mass
spectrometers are limited to production of low-resolution mass spectra.

3.2 Magnetic Sector

A magnetic sector mass spectrometer filters ions by the means of the application of a magnetic
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field. The magnetic field is varied, and ions are deflected to follow a curved path so that ions
with different m/z ratios are separated.

3.3 Ion Traps and Ion Cyclotron Resonance

Most commercial mass spectrometers fall broadly into two categories: those that rely on
continuous beams of ions being sent to a detector for sequential m/z detection (like cars on a
highway driving from point A to point B), and those devices that “trap” ions in discrete,
repeating orbits (like cars on a race track). The latter devices are broadly referred to as ion
traps. The orbital paths are complex and unique to each device. The ions can be trapped by
static electric fields (DC voltage), dynamic quadrupole electric fields [radio frequency (RF) AC
voltage], magnetic fields, or some combination of the types. Detection of the ions may take
place by sequential ion ejection (after trapping, by m/z) or by detection of all ions
simultaneously [while trapped, i.e., by image current detection and subsequent Fourier
transformation (FT) of the data]. Examples include the popular linear and 3D ion trap MS
systems (RF AC voltage only with ion ejection for detection), the FT Orbital Trapping MS
(which uses DC voltage and a quadrupole field for trapping, with image current detection), and
the less common FT Ion Cyclotron Resonance MS (which uses a superconducting magnet to
provide the primary trapping field). The FT devices generally provide very high mass resolution
(e.g., 105–106 at m/z 400) at reasonable scan speeds (1 Hz), and the RF-based devices
generally offer fast scan rates (0.1 Hz) but lower resolution (103). Lastly, the most popular FT
equipment is now hybridized with a quadrupole RF device (especially the linear trap) to yield
instrumentation with multiplexed experiment capabilities (multiple sequential MS–MS experiments
with accurate m/z determinations for structure elucidation).

3.3.1 TIME-OF-FLIGHT

A time-of-flight (TOF) mass spectrometer uses differences in transit time through a field-free
drift region to separate ions. Ions generated in the ion source are pulsed into the field-free drift
region (flight tube) by an electric field. Lighter ions have a higher velocity and reach the
detector sooner. The TOF mass spectrometer has benefited significantly from the use of fast
electronics and fast computers to provide systems characterized by high speed, high
sensitivity, and high resolution.

4. MS–MS/MSN SPECTROMETRY INSTRUMENTATION

A wide variety of tandem MS instruments are available to the pharmaceutical research and
development community. Each of the tandem instruments has some unique features that make
it particularly suited for some specific applications, but this does not preclude the use of other
tandem instruments to meet a specific analytical need. The appropriate selection of a tandem
instrument that is suitable to meet a specific need depends on the type of analysis required
(e.g., quantitation or structural elucidation), a variety of sample-specific factors (e.g., analyte
concentration or the complexity of the matrix), and whether sample fractionation is
incorporated before the introduction in the mass spectrometer (e.g., by LC–MS). A brief
summary of some of the common types of tandem instruments follows, highlighting some of the
typical applications.
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4.1 MS–MS/MSn Spectrometers

4.1.1 TRIPLE QUADRUPOLE

The triple quadrupole mass spectrometer is used for both qualitative and quantitative analysis.
A triple quadrupole mass spectrometer features a first stage of mass analysis (Q1) for the
selection of a precursor ion, followed by an RF-only collision quadrupole region (Q2). A second
stage of mass analysis (Q3) is used for product ion analysis. Most quantitative LC–MS-based
analyses feature the use of triple quadrupole mass spectrometers. Furthermore, the triple
quadrupole mass spectrometer is capable of providing all the most common qualitative scan
modes: full scan, product ion, precursor ion, and neutral loss (see Figure 4 and 4.2 MS–MS/MSn

Spectrometry Operational Modes).

A. Full Scan

B. Product Ion Scan

C. Precursor Ion Scan

D. Neutral Loss Scan 
Figure 4. Triple quadrupole MS. (A) Full scan—Q1 scans the ions produced in the ion source.

This scan also can be conducted with Q3. (B) Product ion scan—Q1 is set to select a specific
molecular ion produced in the ion source. Fragmentation of the ion(s) selected in Q1 occurs in
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the collision cell (Q2). Q3 scans the resulting fragments. The product ion spectrum contains all
the fragments of the selected precursor ion(s). (C) Precursor ion scan—Q1 scans the ions
produced in the ion source. Ions fragment in the collision cell (Q2). Q3 is set to select a

specific product ion (derived from the product ion spectrum). The scan results in a spectrum
that contains all molecular ions that generate the specific product ion. (D) Neutral loss scan—
Q1 scans the ions produced in the ion source, and ions fragment in the collision cell (Q2). Q3
also scans, but at a difference in mass equal to a selected neutral loss (as derived from the
product ion spectrum). The scan results in a spectrum that contains all molecular ions that
generate a specific neutral loss fragment. (Courtesy of Milestone Development Services,

Newtown, PA)

4.1.2 TOF–TOF SYSTEM

A tandem configuration for TOF systems typically is used for the characterization and
sequencing of peptides and other biomolecules from fairly simple mixtures (e.g., proteolytic
digestion of a single-protein therapeutic). These systems often are configured for ionization by
MALDI, which allows peptide sequence confirmation without the need for an initial separation.
The relative ease of use of such instruments and the robust fragmentation data collected for
confirmation of peptides may allow TOF–TOF instruments to be used for monograph
identification testing in the future.

4.1.3 MAGNETIC SECTOR

Tandem configurations for magnetic sector instruments traditionally have been used for
analyses that require high resolution and mass accuracy, such as structural elucidation of
unknowns. However, because of greater resolution and mass accuracy becoming available in
other tandem MS platforms (e.g., ion traps and quad-TOF devices), magnetic sector
instruments are now less commonly used for these purposes.

4.1.4 ION TRAP

The tandem configuration for ion trap systems allows the isolation and fragmentation of ions in
a time-dependent manner, unlike other tandem instruments that have spatially distinct mass
analyzers in the path of the ion beam. One advantage of the trap-isolate-fragment-detect
mechanism in an ion-trap instrument is the ability to re-isolate product ions from the initial
precursor ions for further fragmentation. This sequential fragmentation allows more detailed
structural determination to assist in elucidating structural unknowns. For protein and peptide
applications, ion-trap instruments have been widely used to identify and sequence peptides and
to characterize protein modifications (e.g., phosphorylation and glycosylation).

4.1.5 FOURIER-TRANSFORM ION CYCLOTRON RESONANCE

Fourier-transform ion cyclotron resonance (FT–ICR) mass spectrometers, like ion traps,
facilitate a time-dependent isolation of ions. FT–ICR mass analyzers offer high resolution

(typically 105 106) and can achieve sub-ppm mass accuracy, which permits determination of
accurate mass and elemental composition for unknown compounds with a high degree of
certainty. Ions can be selectively excited or ejected from the ICR cell by using a stored
waveform inverse Fourier transform (SWIFT) waveform, which involves generation of a
waveform that contains resonant frequencies of the m/z values of the ions of interest. Several
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fragmentation procedures are available for achieving the structural characterization of small
and large molecules with FT–ICR MS, including collision-induced dissociation (CID), electron
capture dissociation (ECD), and infrared multiphoton dissociation (IRMPD). Some commercial
FT–ICR MS systems use a tandem ion trap to isolate and fragment precursor ions, the product
ions of which are subsequently transferred to the ICR cell for detection or additional
fragmentation by other procedures. The high resolution and mass accuracy of FT–ICR MS make
this instrument particularly well suited for the structural characterization of components that
comprise highly complex mixtures of small and large organic molecules. FT–ICR MS also has
been widely used in the characterization of lipids and carbohydrates and in the characterization
and sequencing of peptides and proteins, including examination of unique features such as
post-translational modifications.

4.1.6 HYBRIDS

A variety of hybrid tandem mass spectrometers have emerged to either enhance specific
applications or to broaden the overall utility of the instrument in a variety of applications.
Currently the most common hybrid instrument used for pharmaceutical characterization is the
quadrupole TOF (Quad-TOF) MS, which combines the scanning speed of a quadrupole mass
filter with the resolving power and mass accuracy of the TOF mass analyzer. This combination
is well suited for structural elucidation because the improved resolution and mass accuracy of
the TOF (by comparison with a quadrupole) allow a greater degree of certainty in determining
the probable elemental makeup of both the precursor and product ions. In addition, the use of
a quadrupole mass filter in this tandem configuration allows scanning functions like those
outlined for a triple-quadrupole instrument (Figure 4), although additional postprocessing of the
data is required. An increasing number of hybrid configurations have been marketed to take
advantage of the unique feature of the combinations for resolution, mass accuracy, and
quantitation. Some of these configurations include Quadrupole–Trap, Trap–TOF, and Trap–IRC.

4.2 MS–MS/MSn Spectrometry Operational Modes

4.2.1 FRAGMENTATION PRODUCTION MODES

Collision-Induced Dissociation (CID) or Collisionally Activated Dissociation (CAD) is the process
by which a selected precursor ion undergoes collisions with neutral gas molecules in a collision
region to yield product ions. Fragmentation occurs at relatively low energies (1–100 eV)
primarily at the site(s) of ionization to yield a fragment ion and a neutral molecule. Nitrogen,
argon, or helium typically is used as the collision gas with collision energies in the 10–50 eV
range. 
Electron Capture Dissociation (ECD) and Electron Transfer Dissociation (ETD) are two distinct
but related fragmentation methods used primarily to fragment proteins and peptides to
generate c- and z-type ions that are useful for determining protein sequence and
characterization of protein modifications. The fragmentation in each case relies on the
introduction of either a free electron (ECD) or a radical anion (ETD) into the gas phase of
positively charged molecules to induce chemical fragmentation. The advantage of these
methods for proteins and peptides versus CID is that the chemical fragmentation occurs almost
exclusively along the peptide backbone, thereby preserving the position and context of protein
modification that often are lost during CID.

4.2.2 FRAGMENTATION ANALYSIS MODES
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The most common MS/MS scan modes are described in this section.

4.2.2.1 Product ion: The product ion scan mode is illustrated in Figure 4B for a triple-
quadropole (QQQ) instrument. Application of the product ion scan mode is performed when the
first mass analyzer (Q1) is held at a specific m/z. This ion, typically the protonated molecular
ion, [M + H]+, is fragmented in the collision cell (Q2). The second mass analyzer (Q3) scans
the resulting product ions. For a trapping device such as an ion trap mass spectrometer, ions of
a specific m/z are isolated and are collisionally activated, followed by scanning of the product
ions. In either case, the resulting product ions' MS–MS spectrum contains the diagnostic
fragment ions indicative of the characteristic substructures of the selected analyte. This scan
mode requires that a full scan mass spectrum be obtained before the product ion experiment to
determine the appropriate selection of the molecular ion (typically [M + H]+). The product ion
scan mode is available in all mass spectrometers capable of MS–MS operation.

4.2.2.2 Precursor ion: The precursor ion scan mode is illustrated in Figure 4C. Application of
the precursor ion scan mode is performed when the first mass analyzer (Q1) is scanned and
allows all ions created in the ion source to pass into the collision cell (Q2). The second mass
analyzer (Q3) is held at a specific m/z ratio that corresponds to a diagnostic or unique
fragment ion of the molecule or class of molecules. The resulting precursor ion MS–MS spectrum
contains all molecular ions that contain a diagnostic fragment ion. The precursor ion scan mode
requires that the product ion experiment be performed to confirm the diagnostic fragment
ion(s). This scan mode can be used to screen for molecules that contain a specific
substructural feature such as a peptide residue. The precursor ion scan mode is available on
triple-quadrupole, magnetic sector, and some hybrid instrumentation.

4.2.2.3 Neutral loss: The neutral loss scan mode is illustrated in Figure 4D. Application of the
neutral loss scan mode is performed when both mass analyzers (Q1 and Q3) are scanned at the
same rate. The second mass analyzer (Q3) is offset (lower) from the first by a constant m/z
difference. Molecular ions enter Q1 and fragment in the collision cell (Q2), and the resulting
fragment ions are detected after passage through Q3. Because of the offset scan function
described above, the resulting spectrum presents all molecular ions that have undergone the
selected neutral loss. This scan mode also requires that the product ion scan be performed to
confirm the diagnostic neutral loss(es). Like the precursor ion scan mode, this scan mode is
used to screen for molecules with a diagnostic structural feature such as phosphate or
glucuronide conjugation. The neutral loss ion scan mode is available on triple-quadrupole,
magnetic sector, and some hybrid instrumentation.

4.2.2.4 MSn: The MSn scan mode is essentially a sequential application of the product ion scan
discussed in 4.2.2.1 Product ion. That is, it is used to further fragment product ions from a
previous product ion experiment. Thus it can be utilized to obtain additional structural
information for identification of analytes. This scan mode typically is available only on ion trap
or FT–ICR instruments.

5. QUALITATIVE ANALYSIS

MS is a powerful method and important tool for structure identification because of its ability to
provide information about the mass, elemental composition, and structural features of known
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and unknown molecular entities. In its simplest terms, an MS separates and mass-measures
ions related to the sample. A mass spectrometer separates, detects, and records the presence
of ions, not neutral molecules. For the purposes of small-molecule organic MS, the charge state
(z) typically is 1. 
A wide range of mass spectrometers and ionization interfaces are available for specific types of
MS measurements. Thus a diverse range of experimental approaches can be employed for any
given MS measurement needed. Some of the more common and applicable approaches are
presented in this section. The appropriateness of a given MS experimental approach is
demonstrated by the respective validation data provided in the submission supporting a new
monograph or monograph procedure.

5.1 The Mass Spectrum

The mass spectrum typically is displayed as a plot of m/z on the abscissa versus ion intensity
as the ordinate and frequently is normalized to the most intense ion in the spectrum. Some
characteristic features in a typical full-scan mass spectrum include (depending on ionization
procedure) the molecular ion (e.g., M+), protonated or deprotonated molecules ([M + H]+ or [M

 H] ), or adduct ions (e.g., [M + NH4]+), all of which are indicative of the molecular weight
(MW) of the analyte. Mass spectra may be more or less complex, depending on the specific
analyte(s) and ions detected. EI mass spectra typically are rich in fragment ions, but API and
soft-ionization procedures may produce spectra that are sparse in fragment ions but often
feature more prominent or base peak ions that are indicative of MW. Therefore, the
interpretation of mass spectra may be more or less straightforward. Typically, the availability of
any supporting information about the sample (e.g., origin, history, preparation, stability,
solubility) can greatly assist with interpretation. Two primary considerations merit initial
discussion because of their importance in the interpretation of mass spectra: resolution and
mass accuracy.

5.1.1 RESOLUTION

In MS, resolution is the extent to which two ions of adjacent m/z can be distinguished from
each other, and has been expressed in different ways. Two adjacent peaks in a spectrum at

values m and m Dm may be separated by a valley, which at its lowest point is a specified
maximum amount of overlap between the peaks. The resolution would be expressed as m/Dm.
For example, the term “10% valley” describes a 10% amount of overlap between two peaks and
is appropriate when the peaks are of equal height and shape. In practice, however, adjacent
peaks of equal height and shape are rarely observed. Therefore, resolution also can be
calculated by using the apparent width of a single peak at a given point in mass range as Dm,
and it often is expressed as the measured width of a peak at half-height (full-width half-height
maximum, or FWHM). Resolution is an important factor in establishing mass accuracy,
evaluating isotope patterns and abundance, determining charge state of multiply charged ions,
and distinguishing nominally isobaric interferences. 
Nominal mass spectrometers instruments typically provide mass resolution on the order of 1000,
whereas for high-resolution mass spectrometry (HRMS) this can range from 5000 to 1,000,000.
Improved resolution includes the ability to separate and distinguish isobaric interferences
(analytes with the same nominal mass but with different empirical formulae) and to mine
complex data sets more efficiently (using increased specificity).
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5.1.1.1 Nominal resolution: A number of different types of mass spectrometers are capable of
generating nominal resolution mass spectra. Probably the most common mass spectrometer
employed for nominal mass resolution work is the quadrupole mass spectrometer. In a
quadrupole mass spectrometer, ions pass through a set of four rods such that opposing rods
ramp through RF or DC, effectively scanning through the desired m/z range and allowing only a
single m/z to pass at any given instant. The net effect is to obtain nominal mass resolution
(e.g., m/z 400 can be reliably distinguished from m/z 399 and m/z 401) and to obtain a
spectrum that can define monoisotopic mass and associated isotopic cluster (e.g., A + 1 and A
+ 2). With this type of mass spectrometer (nominal resolution), the primary information
obtained is an indication of the molecular mass of the analyte and, depending on the
experimental approach used (e.g., EI ionization), ion fragments related to the structure of the
analyte.

5.1.1.2 High resolution: HRMS has important advantages for the identification of analytes.
The various forms of this technology allow determination of the mass of small molecules to the
third or fourth decimal place (i.e., approximately 0.1 to 10 ppm mass error). This provides an
added degree of specificity (certainty) that, when combined with isotope ratio information and
chemical sense, results in elucidation of the analyte's empirical formula as a starting point for
further analysis. Thus HRMS offers advantages compared to nominal MS, for which nominal
mass is the starting point. HRMS can be performed with a number of different technologies,
including TOF–MS, as well as orbital-trapping MS and ion cyclotron resonance MS, both of
which use Fourier transformation to process the raw data. These systems have different
advantages, including improved sensitivity for full spectrum data collection (versus scanning
instruments like quadrupoles), as well as resolution, mass accuracy, and calculation of the
isotopic ratio intensities.

5.1.2 MASS ACCURACY

Mass accuracy is the comparison of an experimentally determined m/z to the true m/z ratio.
Mass accuracy is influenced by a number of factors, including mass resolution, signal
abundance, calibration type and algorithms, choice and number of calibrants used,
interferences such as chemical noise, and linear dynamic range inherent with a particular type
of mass spectrometer. Mass accuracy may be expressed as millimass unit (0.001 µ) differential
or ppm. Mass accuracy, as ppm, is given by the following:

Dmacc = mtrue  mmeas

ppm = (Dmacc/mtrue) × 106

mmeas = measured value 
mtrue = calculated or true mass

Although resolution and accuracy may not be directly correlated, HRMS typically allows
improved assignment of exact mass. In practice, high resolution and high mass accuracy are
both necessary to minimize error introduced into the mass measurement by isobaric
interferences. Sufficiently high resolution and mass accuracy together can facilitate assignment
of elemental composition to ions in a mass spectrum, assisting with confirmation or elucidation
of structure, respectively, for known or unknown compounds.
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5.2 Interpretation of Mass Spectra

When interpreting the mass spectra of unknown compounds, analysts typically can differentiate
unknowns into two broad categories. 
The first category, representing the situation more commonly encountered, can be described as
known unknowns or compounds for which supportive information may be available or can be
determined by comparison with standards, related substances, metabolites, synthetic
impurities, or intermediates. In this case, the objective is verification of a compound's identity
by demonstrating its consistency with a standard material by using predetermined criteria. This
objective often is achieved by the direct comparison of mass spectral features of an unknown
with either a concurrently analyzed standard or an archived library standard mass spectrum
generated with similar instrumentation and conditions. For high-resolution accurate mass
spectra, confirmation of identity may include the verification of elemental composition.
Characteristic fragmentation patterns obtained under consistent conditions also can be used
for the confirmation of identity by providing a fingerprint that indicates functional groups,
substituents, and structural differences or modifications. The importance of chromatographic
separation (i.e., demonstration of retention characteristics that are similar to a standard) also
should be considered as part of an overall identification confirmation. The importance of
chromatographic separation is particularly evident with the identification of various structural
isomers or enantiomers for which MS alone may not provide sufficient distinction. 
The second category comprises true unknowns or compounds for which no or very limited
information about structure or background is available and presents the most complex cases for
spectral interpretation. True unknowns are encountered less frequently and often necessitate
the combination of multiple spectral procedures in order to achieve a complete structural
elucidation. For true unknowns, any relevant information (e.g., origin, preparation, matrix,
solubility, other compounds if the sample is a mixture) can aid interpretation. 
The first step in the interpretation of mass spectra is the determination of monoisotopic mass.
The mass of a compound often is represented by the peak observed at highest m/z in the
spectrum. This peak is highly dependent on the ionization procedure employed, analytical
conditions, and characteristics of the molecules from which the ions are formed. There are
prominent differences between EI and API mass spectra, which, for purpose of this discussion,
generally result from hard- and soft-ionization procedures, respectively. EI forms primarily an
odd-electron radical molecular cation, M+·, and API and other soft-ionization procedures

typically produce characteristic even-electron protonated [M + H]+ or deprotonated [M  H]
molecules. 
The Nitrogen Rule can be useful in identifying the molecular ion peak: it states that an odd-
electron ion containing either no nitrogen or an even number of nitrogen atoms will be observed
at even nominal mass and that an odd-electron ion with an odd number of nitrogen atoms will
appear at odd nominal mass because nitrogen has an even integer mass (14) and an odd
valence (3). This rule holds for all compounds that contain carbon, hydrogen, oxygen, nitrogen,
sulfur, and the halogens, as well as phosphorous, boron, silicon, sulfur, and alkaline earth

metals. Applied to even-electron ions (e.g., [M + H]+ or [M  H] ), the Nitrogen Rule states
that an even-electron ion containing either no nitrogen or an even number of nitrogen atoms
will be observed at odd nominal mass and that an even-electron ion with an odd number of
nitrogen atoms will appear at even nominal mass. 
The formation of molecular adducts can assist with determining and verifying mass in both
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positive and negative ionization modes. Some common adducts observed in positive ion mass
spectra are [M + Na]+, [M + K]+, and [M + NH4]+ adducts. Adducts with other inorganic or
organic cations, such as Li, Ag, Cs, H2O, acetonitrile, methanol, isopropanol, and small organic
protonated or quaternary amines, also can be generated. Adducts present in negative ion mass
spectra include those formed with Cl, Br, and formic or triflouoroacetic acid. Multiple adducts
are not uncommon in either positive or negative ionization mode mass spectra from API and
other soft-ionization procedures and can include combinations of protonated or deprotonated
molecules accompanied by additional protons, multiple inorganic or organic cations, or anions.
For some applications, it may be desirable to deliberately produce adducts by the modification
of the sample solution, matrix, or mobile phase to induce characteristic fragmentation or to
denote components in a mixture with common or unique structural features. Dimeric or

polymeric analyte ions [2M + H]+ or [2M  H]  may be observed respectively in positive or
negative ion API mass spectra, often with high analyte concentrations. Analogous dimeric
adducts with Na, K, and other inorganic cations also can be formed and observed and can
provide verification of the MW. Overall, adduct formation and ultimately the presence of adduct
ion peaks in mass spectra are highly dependent on ionization procedure, ionization source
conditions, type of mass spectrometer or analyzer, sample matrix, mobile phase composition,
and the analyte itself. 
The relative intensity of mass spectral peaks can provide information about molecular and ion
structure. The most intense peak in a mass spectrum is referred to as the base peak and
represents 100% relative abundance in normalized mass spectra. In EI mass spectra, the base
peak may or may not represent the molecular ion. However, with API and softer ionization

procedures, [M + H]+ or [M  H]  often appear as the most prominent peaks in the mass
spectrum. The relative intensities of peaks in EI mass spectra, and to some extent in API and
other mass spectra, can indicate ion stability.

5.3 Elemental Composition and Structure

Each molecule has a specific elemental formula or composition that by itself does not suggest
anything about the structure of the molecule, because completely different molecules can have
identical empirical composition. The mass spectrum of an analyte indicates its monoisotopic
mass, but the larger the mass, the greater the number of possible empirical formulae or
combinations of atoms that could produce that same nominal m/z signal.

5.4 Isotope Patterns

The relative intensity and position of isotope cluster peaks in a mass spectrum provide
orthogonal information to the m/z data. Isotopes represent variants of a given element with
the same number of protons and a different number of neutrons. The number and relative
abundance of isotopes are unique to each element and together comprise the isotope pattern
for a particular molecule in a mass spectrum. The relative abundance of each isotope also is a
function of the number of each element in a molecule. Natural isotopic abundances depend on
the source or provenance of a material and are influenced by variations of the isotopic
abundances of its constituent elements. Because a unique elemental formula is consistently
indicated by each peak coinciding with the m/z and relative abundance of each isotope in a
molecular formula, the resulting isotopic fingerprint can be a powerful tool for the prediction of
elemental composition. 
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Chlorine and bromine are examples of elements that produce prominent and easily recognizable
isotope patterns in a mass spectrum. Chlorine atoms are characterized by the isotopes
35Cl:37Cl (approximately 3:1) and bromine atoms by unmistakable doublets (79Br:81Br =
approximately 1:1) that enable easy identification of ions containing these atoms in a mass
spectrum. Combinations of multiple Cl or Br atoms in a molecule yield characteristic isotope
peaks that differ by two units and have relative abundances that can be calculated. For some
types of HRMS (TOF in particular), the relative intensities of the isotopic cluster can be
carefully defined. Because the relative intensity of the isotope cluster is exactly a function of
the elemental composition of the molecule (that is easily calculated), isotope fitting of
experimental data to theoretical intensity can help provide the correct formula. 
Figure 5 presents the isotopic pattern in the molecular ion region for n-butyl
benzenesulfonamide collected using ESI with different mass spectrometers, each having
different mass resolution. With nominal mass (i.e., quadrupole mass spectrometer) resolution,
one can clearly see the A + 1 (m/z 215) and A + 2 (m/z 216) peaks of the [M + H]+ ion at m/z
214. The major contributor to the A + 1 peak results from the occurrence of versions of the
molecule containing 13C1, and the major contributor to the A + 2 peak, is naturally occurring
34S1. With a higher-resolution mass spectrum, the more accurately calculated relative
abundances of the A + 1 and A + 2 peaks could be used to estimate the number of carbon and
sulfur atoms in the molecule, respectively. An examination of the FT–ICR mass spectrum
illustrates the additional isotopic information that can be obtained under even higher-resolution
conditions. This spectrum clearly shows that the A + 1 peak, seen as one peak with the other
two mass spectrometers, also has contributions from other isotopes. At resolutions afforded by
ICR or orbital-trapping mass spectrometers, the various contributors to the A + 1 peak can be
observed, and one would get a more accurate estimate of the atoms present.
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Figure 5. Partial ESI mass spectrum of n-butylbenzenesulfonamide under different mass
resolution conditions.

Examination of isotope peaks also can reveal information regarding the charge state of an ion.
For example, the difference between the A and the A + 1 isotope peaks is 1 m/z for a singly
charged ion, a mass difference of 0.5 m/z denotes a doubly charged ion, and a mass difference
of 0.3 m/z denotes a triply-charged ion. Thus, the correct charge state can be determined

PF 39(5): Sep.-Oct. 2013 344



when only one peak or one set of isotope peaks is present, which supports the determination of
MW and elemental composition. Because accurate mass and isotope fitting are orthogonal data
that each separately can greatly reduce the number of possible empirical formulae for a given
nominal mass, the information used together can reduce experimental data to a single or limited
set of possible choices.

5.5 The Monoisotopic Ion

The monoisotopic ion is an important feature of a mass spectrum, and recognizing this ion is
valuable in determining the elemental composition of a molecule or ion, particularly with
accurate mass measurements. The monoisotopic mass of an ion or molecule is the exact mass
calculated using the mass of the most abundant naturally occurring isotope of each constituent
element. Therefore, the monoisotopic ion is represented by the isotopic peak composed of the
most abundant isotopes of its elements. Importantly, MS observes the monoisotopic mass of
the analyte, not its molecular weight (i.e., the average including contributions from heavy
isotopes). Recognizing the monoisotopic ion peak can be straightforward, and some singly
charged ions and elements present simple or easily recognizable isotope patterns. However, the
combination of multiply charged ions and multiple elements that collectively contribute to
complex isotope patterns occasionally can make determination of the monoisotopic ion peak
quite challenging, particularly with polymers and biomolecules. In such cases the benefit of
instrumentation that offers higher resolving power is readily apparent.

5.6 Fragmentation

Fragmentation of an organic molecule in a mass spectrometer and examination of the ions
produced in the fragmentation process can provide detailed information about unique structural
features such as functional groups, substituents, and connectivity. Fragmentation generally is
the dissociation of an activated analyte ion. Observed fragmentations are quite diverse and can
range from simple events such as loss of water or ammonia to highly complex pathways that
involve adduction, multiple rearrangements, and atom migration. In MS, fragmentation is highly
dependent on the type of instrumentation and operating conditions. Primary considerations
include ionization source, collision zone conditions, and type of mass analyzer. To some extent,
controlling these factors permits the selection and optimization of conditions that are
conducive to generating desired or structurally diagnostic fragmentation. 
EI fragmentation results entirely from unimolecular dissociation that occurs in high vacuum.
Formation of a radical molecular ion (M+·) in an electron beam (typically 70 eV) is accompanied
by redistribution and accumulation of energy into different vibrational modes, and as a result
the molecular ion may undergo fragmentation. Fragmentation typically occurs by bond cleavage
and produces an even-electron cation and a neutral odd-electron radical. The converse also
can occur, albeit less frequently: an odd-electron radical cation is observed with an even-
electron neutral fragment loss. Fragment ions can further dissociate to generate additional
fragments. Generally, fragmentation of odd-electron ions may produce either odd-electron or
even-electron ions, but even-electron ions fragment to other even-electron ions. The
probability of cleavage of a particular bond in a molecule can be correlated with bond strength
and the relative stability of the resulting fragment ions. Some general principles apply with
regard to the presence of fragment ion peaks observed in EI mass spectra and can assist with
interpretation. These principles have been thoroughly discussed in numerous texts on the topic
and are not discussed here. 

PF 39(5): Sep.-Oct. 2013 345



API and soft-ionization procedures predominantly produce ions such as [M + H]+ or [M  H]
that exhibit limited fragmentation. API and other softer ionization procedures achieve
fragmentation by activating ions in a variety of ways, depending on the type of
instrumentation.

5.7 Biomacromolecules

Structural elucidation of biomacromolecules using MS offers a number of challenges that are not
common among traditional drug substances described previously in the chapter. To start with,
biomacromolecular therapeutics encompass many compounds with very different chemical
properties that range from proteins and peptides to a variety of glycoconjugates, lipids, and
even DNA and RNA complexes. To further complicate the matter, the molecular weight of
biomacromolecules can range from under 1000 in the case of some bioactive peptides and lipids
to well over 100,000 for vaccines, antibodies, and heparin complexes. Furthermore, many of
these biologically derived substances exhibit considerable heterogeneity and thus may not be
characterized as a single drug substance but instead as a mixture that is monitored for
consistency from batch to batch using a variety of analytical methods. 
This section provides guidance about MS characterization of biomacromolecules. Because of
the complexity of this broad class of compounds, this section focuses on a few types of
compounds to illustrate the benefits of MS, then comments briefly about how MS can be
implemented for other biomacromolecular compounds.

5.7.1 PEPTIDES AND PROTEINS

Details of the process for characterizing proteins and peptides are provided in Biotechnology-

Derived Articles—Peptide Mapping 1055  and are only summarized in this section to provide
context.

5.7.1.1 Spectral interpretation: Mass spectral evaluation of proteins and peptides typically
encompasses MS data collected on the intact compound(s) to establish the overall mass of the
protein followed by tandem MS to generate information about the primary amino acid sequence
of the protein or to characterize sites of protein modification. Interpretation of fragmentation
spectra to generate the sequence information is a critical component of this approach, and
thus some guidelines for the spectral interpretation of peptide fragments are provided in 5.7.1.2
Database searching. Primary and secondary MS-based approaches have emerged as the
standards for sequencing proteins by fragmentation and are known as bottom-up and top-down
sequencing.

5.7.1.1.1 Bottom-up—This approach encompasses fractionation of individual peptides
generated by proteolytic digestion and sequencing of the peptides by tandem MS. The
complete protein sequence then is recapitulated by piecing together the individual sequences.
To get complete coverage of the protein, it is necessary to do separate digestions with multiple
proteases with different cleavage specificities to get overlapping sequence coverage to rebuild
the overall sequence. This approach is currently the most common MS-based approach used to
characterize protein therapeutics.

5.7.1.1.2 Top-down—Advances in MS-based technologies and particularly ECD and ETD
fragmentation offer another approach for sequencing proteins, whereby the intact protein is
fragmented to generate sequence information without prior need to digest the protein into
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smaller peptides. Current challenges with this approach include the need for purified proteins;
difficulty in getting complete sequence coverage, particularly for larger proteins; the need for
considerably larger quantities of proteins than for the bottom-up approach; and a requirement
for a high-resolution instrument with ECD or ETD capabilities. However, during the development
of proteins therapeutics the availability of large quantities of purified protein is a likely scenario,
and with the continued advancement of MS technologies, top-down proteomics may offer a
direct option for characterization of some proteins therapeutics in the future.

5.7.1.2 Database searching: Because of progress in whole-genome sequencing and the
computing power of predictive algorithms for the annotation of all possible genes, mRNAs, and
proteins from genomic information, the characterization of unknown protein and peptide
therapeutics rarely requires complete de novo sequence evaluation. Instead, the compound can
be initially identified by digestion and sequencing by peptide fragmentation. This is possible
because various fragmentation strategies (e.g., CID and ETD as described previously) produce
gas-phase fragment ions from protonated peptides that represent consistent cleavage positions
along the peptide backbone. The Roepstorff nomenclature for general peptide fragmentation
along the peptide backbone is shown in Figure 6A. Peptide fragments that maintain a charge on
the C-terminus are the x, y, or z ions, and those that maintain a charge on the N-terminus are
known as a, b, or c ions. By optimizing the fragmentation energies and the collision gas to
target only a single fragmentation event per protonated peptide molecule, analysts can use the
collective fragmentation spectra from a given peptide to produce a set of fragment ions from
the same series (i.e., b ions or y ions) that vary by the residue mass of each amino acid. In
this manner they can derive the sequence. A schematic of a peptide fragmentation profile with
a complete set of y ions is shown in Figure 6B. The complete set of y ions allows the sequence
to be determined from the mass difference between the ions that correspond to residue masses
for each amino acid. With the development of complete databases of many genes, mMRA, and
proteins, a variety of commercially available computer algorithms have been developed to
match the fragmentation masses with protein sequences in databases, along with false
discovery rates and confidence probabilities. As a result, confirmation of protein sequences for
known proteins can be fully automated for data collection and evaluation.

A.
Figure 6. (A) Peptide fragmentation nomenclature.
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B.
Figure 6. (B) Peptide fragmentation sequence. Source: Adapted from Roepstorff P and Fohlman

J (1984). Biomedical Mass Spectrometry 11(11), 601.

5.7.1.3 De novo sequencing approaches: When a protein is completely unknown, MS-based
fragmentation can be used to generate sequence information as described. The primary
challenge is the inability to always get complete, unambiguous sequence information for some
peptides by MS fragmentation because of the inability to assign all amino acids from a given
fragmentation spectrum without a template of known sequences. In cases such as these, a
combination of chemical sequencing using Edman degradation and MS may be necessary.
Alternatively it may be necessary to digest and sequence the protein with multiple proteases in
order to generate overlaying sequences to ensure the reliability of the overall sequence
assignments.

5.7.2 GLYCOCONJUGATES

The analysis of drug substances in this class is discussed in Glycoproteins and Glycan Analysis

—General Considerations 1084 . Thus this section addresses only the application of MS to
the characterization of protein glycosylation. 
Many biopharmaceuticals are glycoproteins for which glycosylation plays critical roles in
maintaining function, stability, and solubility. The most common glycosylations are N-linked and
O-linked glycosylation in addition to other glycosylation modifications such as GPI anchors. N-
glycosylation refers to glycan modification on the asparagine side chain, and O-glycosylation
occurs to the side chains of serine and threonine. MS analysis of protein glycosylation can be
performed on three different levels: intact proteins, peptides, and glycans. This section
provides a brief overview of glycoprotein analysis.

5.7.2.1 Intact protein analysis: For proteins with small size or relatively simple glycosylation,
direct MS analysis of intact protein provides a mass profile that reflects the protein's primary
sequence and major modifications, including glycosylation. This type of experiment usually is
performed using TOF analyzers or analyzers with higher mass resolution equipped with ESI or
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MALDI ionization. MALDI forms mainly singly charged ions and requires MS analyzers with a wide
m/z range for measurement of intact protein mass (e.g.,TOF). ESI–MS is commonly used,
because it leads to the formation of multiply charged protein ions in the m/z range of 700–
5000, resulting in better mass accuracy in protein mass measurement (< 100 ppm when coupled
with a high-resolution mass sepctrometer). MS analysis in many cases can resolve protein
peaks by their glycoform distribution because of the mass differences (e.g., hexose 162 Da,
HexNAc 203 Da, and N-acetyl neuraminic acid 291 Da). The mass information can lead to
identification of the monosaccharide composition of the glycoforms. The intensity of the intact
protein peaks can be used to roughly estimate the glycoform distribution on the protein. For
monoclonal antibodies modified mainly by neutral N-glycans, quantification of glycosylation
distribution by intact protein analysis appears to be comparable with measurement using glycan
separation methods. Antibodies containing multiple glycosylation sites can be enzymatically
cleaved into major domains before MS analysis to gain more specific information about the
position of the glycosylation on the intact protein.

5.7.2.2 Peptide analysis: For proteins with complicated glycoforms and multiple glycosylation
sites, site-specific glycosylation information usually is desirable and is achieved by using a
bottom-up proteomics approach via analysis of peptides generated by enzymatic digestion. The
peptides are separated by reversed-phase LC followed by ESI–MS/MS analysis. MS–MS
fragmentation can be performed using CID or ETD. In CID–MS/MS, the peptides can be
identified to be glycosylated peptides by the detection of oxonium ions in the peptide MS–MS
spectra [e.g., m/z 163 (hexose), 204 (HexNAc), 292 (sialic acid), and 366 (hexose-HexNAc)].
However, CID–MS/MS spectra of glycosylated peptides usually are dominated with
fragmentation from the glycan with minimal fragmentation between the amino acid residues of
the peptide backbone, thus hampering the ability to identify the protein sequence. ETD–MS–MS
spectra of glycosylated peptides contain mainly fragmentation between the amino acids (e.g.,
c- and z-type peptide backbone cleavages), while the attached glycans remain intact. ETD–
MS–MS provides information about peptide sequence, glycosylation site, and the glycan mass
of the glycosylated peptides. CID– and ETD–MS–MS may be used alternatively in the same LC–
MS analysis of complicated protein digests, which may provide the information necessary for
identification of sequence, glycosylation sites, glycan mass, and glycan branching. O-
glycosylated peptides also can be analyzed by using similar approaches. Peptide glycosylation
can be identified by observation of oxonium ion such as m/z 204 in CID–MS–MS, and the
peptide sequence is identified by ETD–MS–MS when the O-glycan moieties remain attached to
the peptide.

5.7.2.3 Glycan analysis: N- and O-glycans can be enzymatically or chemically released from
proteins followed by MALDI–MS or ESI–MS analysis either directly or after derivatization with
chemical tags for enhancement of their ionization. 
The direct MALDI–MS analysis of released glycans can be performed in both positive and
negative mode for the detection of neutral and acidic glycans, respectively. The commonly
used matrices include 2,5-dihydroxybenzoic acid (DHB) and 2¢,4¢,6¢-trihydroxyacetophenone.
The neutral glycans usually are detected as [M + Na]+ in positive ion MALDI–MS. ESI–MS
analysis of glycans suffers from poor ionization of the glycans and thus are used only following
chemical derivatization. For example, derivatization of released glycans from glycoproteins can
be performed on the reducing end of glycans by reductive amination using fluorescent tags
such as 2-aminobenzamide. The labeled glycans are analyzed using hydrophilic interaction
chromatography followed by ESI–MS analysis in positive ionization mode. The molecular mass of
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the glycans can be determined, and subsequent MS–MS analysis can provide structure
information about the glycans. Permethylation is another important glycan derivatization
method that neutralizes acidic glycans and allows both neutral and acidic glycans to be
detected by MS in positive ion mode. MS/MS spectra of glycans contain ions from two major
types of cleavages, as illustrated in Figure 7. Glycosidic cleavage occurs at the bonds between
two sugar rings and results in B, C, Y, and Z ions, which provides important information
regarding monosaccharide sequence and glycan branching. Cross-ring cleavages (shown in
Figure 7 by dashed lines) involve rupture of two bonds on the same sugar ring and lead to A
and X ions that assist in identification of the type of sugar linkages in the glycans. With
increasing understanding of glycan fragmentation, the identification of glycan from its MS–MS
spectrum now is possible via database searches using recently developed computational
algorithms.

Figure 7. Nomenclature for carbohydrate fragmentation. Source: Adapted from Domon B and
Costello CE (1988). Glycoconj. J. 5, 397–409.

5.7.3 VACCINES

Vaccines present a unique challenge because often they include complex mixtures of proteins,
polysaccharides, and lipids in the form of intact bacteria or viruses, outer membrane vesicle
preparations, or combinations of recombinant proteins. General information regarding bacterial

vaccines is available in Vaccines for Human Use—Bacterial Vaccines 1238 . Quality control
of such mixtures typically relies on characterization by SDS–PAGE, SEC, amino acid or
monosaccharide compositional analyses, RP–HPLC, and other analytical methods. However, to
date MS has not been used as a primary QC method even though it is frequently used for
confirmation of identity and characterization of impurities. Because of the many advantages of
MS described in this chapter and its widespread use in the characterization of biotherapeutics
and vaccines that contain complex protein mixtures, MS and MS–MS offer the ability to identify
product and impurity simultaneously, and likely will be adapted in routine QC environments in
the future. Additionally, when a complication occurs (e.g., discrepancy between assays,
activity changing after formulation, or posttranslational modification), the quantitation of the
recombinant protein (within a complex proteome) or key antigen in a complex protein vaccine
via a highly specific procedure such as MS may be desirable. The use of isotope dilution MS–MS
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in combination with multiple reaction monitoring scans can provide highly specific and accurate
quantitation of protein in complex samples.

5.8 Monograph Methods for Qualitative Identification

The discussions in this chapter and in Mass Spectrometry 736  covering the qualitative
capabilities of MS provide strong technical justification for its use as part of a compendial
identification strategy for a wide range of molecular classes. The structural information content
(e.g., molecular mass, empirical formula, structurally significant fragmentation, and
characterization of biomolecular modifications such as glycosylation) has been and will be an
integral part of identification strategies. One or more specific aspects of mass spectral
information can be combined to increase the specificity and reliability of the proposed test.
Development of the MS portion of the compendial identification test should strive to provide
unique and complimentary information for use with other identification tests intended in the
monograph. Method development also should consider the availability of a reference standard
for successful mass spectrometric identification.

6. QUANTITATIVE ANALYSIS

MS is useful for the quantitative determination of actives or impurities in a drug substance or a
drug product because of its selectivity and sensitivity. The former typically comes into play
when target compounds reside in complex matrices (e.g., natural or formulated), and the latter
is a benefit when low-level impurities must be measured. Selectivity is achieved in MS-based
methods by the combination of well-characterized attributes of the target compound, including
molecular weight, intrinsic ionization characteristics, and fragmentation with additional data
such as chromatographic retention time. In addition to chromatographic selectivity, use of a
chromatographic inlet helps isolate the target compound from other chemical entities within the
sample that could create problematic artifacts (e.g., ionization suppression) if they were
introduced concomitantly. 
This general approach to sample analysis (i.e., chromatography coupled with MS) typically
introduces the target compound into the mass spectrometer as a well-defined peak (ideally,
Gaussian) that can be reproducibly integrated for optimal quantification. While other forms of
sample introduction (e.g., flow injection and direct-insertion procedures such as MALDI)
potentially can be employed and may be necessary in some applications, chromatographic
introduction systems are more common and are preferred for MS quantification. 
Although various mass spectrometer types can be used, the quadrupole and triple quadrupole,
in particular, are most commonly employed for quantitative analysis. These instruments provide
a combination of specificity, sensitivity, stability, and linear response, which is essential for
accurate measurement of target compounds, particularly within complex formulations. For these
reasons, the balance of this quantification discussion emphasizes the use of chromatographic
separations in concert with quadrupole MS detection.

6.1 MS Quantitation Overview

Employing a chromatographic inlet, analysts introduce a sample solution via injection onto an
appropriate chromatographic column, and a flowing carrier stream (gas or liquid mobile phase)
advances the target compound(s) and other matrix components through the column at various
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rates that are determined by strength of the carrier (gas characteristics for GC; organic, along

with mobile-phase modifiers, for HPLC), temperature, and affinity for a stationary phase (see 

621 ). Pressurized or near-atmospheric-pressure chromatographic effluent is passed through
an appropriate interface into the vacuum environment of the mass spectrometer. In this
manner, chemical components within the sample enter the mass spectrometer as
chromatographic peaks that are subject to ionization as defined by the chosen ionization mode
and according to the propensity of each chemical to become ionized under those experimental
conditions. 
In the case of single-quadrupole MS detection, the mass analyzer is set to pass to the
detector an ion with an m/z value that is characteristic of the target compound. In this
selected ion monitoring (SIM) mode, a chromatographic profile for a single m/z value is created.
This overall process yields a chromatographic peak at the retention time expected for the
target compound. When integrated, the area under this peak leads to a measure of target
compound concentration in the original sample. Accuracy in an MS-based quantitative assay is
achieved by the proper use of a well-characterized reference standard and, ideally, an
appropriate internal standard, as described in 6.2.1 Internal Standards. 
For many analyses, the combination of chromatographic separation and SIM MS analysis will
provide sufficient selectivity to yield an analysis, which is sufficiently free of chemical
interference to meet the measurement need. However, in some situations, it may be necessary
to utilize the additional selectivity provided by tandem MS detection that commonly is provided
by a triple-quadrupole instrument. The need can be particularly acute in Category II analytical
procedures for which a trace impurity must be measured within a complex formulation. 
The relative benefit of MS/MS detection is illustrated in the extreme example presented in
Figure 8. The antitussive dextromethorphan (Dex) is present in a plasma extract at 100 pg/mL.
This extract is first analyzed by LC–MS using ESI–SIM at m/z 272 (protonated molecular ion).
In this experiment the SIM chromatographic peak corresponding to Dex is barely discernible
above the relatively high background noise. Alternatively, a triple quadrupole can be employed
to set up a selected reaction monitoring (SRM) detection scheme for added selectivity. SRM is
a special case of product ion MS–MS in which the second mass analyzer is tuned to pass only a
selected fragment ion corresponding to Dex (m/z 147 in this example). A marked enhancement
in selectivity, and therefore signal-to-noise ratio, is evident and typically leads to improved
performance for quantitative analytical methods.
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Figure 8. MS (SIM) versus MS–MS (SRM) for quantitative methods.

6.2 Quantification Considerations and Procedures

Methods suitable for Category I and Category II applications require the use of a reference
standard for each target compound. Quantification of a target compound in an appropriately
prepared test sample is achieved by relating its MS response (e.g., SRM-derived
chromatographic peak area) to that of similarly prepared reference standards spanning the

required concentration range (see Mass Spectrometry 736 , Validation and Verification of
Mass Spectrometry Analytical Procedures).

6.2.1 INTERNAL STANDARDS

For optimal accuracy and precision, internal standards should be employed at a consistent
concentration in both the test samples and reference standards. Internal standards
compensate for small sample-to-sample differences in dilution volume or loss of material during
sample processing. They also compensate for analysis-to-analysis fluctuations in MS response
or sensitivity drift over the course of batch analyses, both of which occur in all MS-based
methods. In practice, selective detection schemes are set up to monitor both the target
compound (analyte) and its corresponding internal standard. The key instrumental measure for
each standard and test sample is, therefore, a ratio of the analyte-to-internal standard
chromatographic peak areas. Internal standards can be either structural or stable-isotope-
labeled analogs of the target compound. The former may be adequate and often has the
advantage of lower cost and availability. The isotopically labeled (e.g., 2H, 13C, or 15N)
alternative offers superior method performance, because it is essentially identical to the
analyte in chemical and physical properties, with the exception of greater molecular mass. The
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only requirements are that the isotopic labels are not subject to chemical exchange during
storage or sample preparation, are retained in the MS ionization process, and provide a
sufficient molecular mass shift (typically 3+ Da using multiple labels) versus the analyte to
ensure negligible cross-talk (interference) between analyte and internal standard signals
(because of natural isotopes and variable m/z resolution across different mass analyzers). In
addition, care must be taken to ensure that the internal standard contains inconsequential
levels of unlabeled target compound impurities that potentially could bias results. Suitability of
the internal standard is confirmed after successful completion of the analytical procedure
validation.

6.2.2 DATA ACQUISITION

For accurate integration of analyte and internal standard chromatographic peaks, the data
acquisition parameters (e.g., sampling rate, scan range, or masses monitored) must provide a
sufficient number of intensity samples across the peak width. The number of samples may vary

depending on method performance requirements (see Table 1 in general chapter 736 ) and
practical considerations related to chromatography conditions, mass spectrometer type, and
the number of analytes and internal standards monitored. For example, for single-analyte
assays on quadrupole-based instruments, analyte and internal standard SIM or SRM detection
schemes are alternately sampled throughout the analytical run. With modern quadrupole
instruments, dwell times of 100 ms or less per sampling point are readily achieved and should
result in at least eight samples across each peak (this is the suggested minimum for good
quantitative representation of the peak).

6.2.3 CALIBRATION

A calibration curve is created by plotting analyte-to-internal standard peak area ratios versus
concentration for the reference standards analyzed. For the somewhat narrow calibration range
required for Category I and Category II measurements, a simple (nonweighted) linear fit is
sufficient to define this response versus concentration function. However, 1/x or 1/x2 weighting
also can be used, as well as nonlinear (e.g., quadratic) functions, as supported by appropriate
and provided validation data. 
The calibration concentration range is selected based on instrument sensitivity and the required
method performance attributes. In general, the lowest concentration should yield sufficient
signal for reproducibility, and the highest concentration ideally should be within the linear
response range of the MS system. In extreme cases, the upper end of the linear response
range may result from limitations of the mass analyzer or detector (e.g., as with TOF and ion
trap MS instruments, but much less so with quadrupole mass analyzers). More often, loss of
linearity results from diminishing ionization efficiency at higher concentrations. This is a common
consideration with, for example, electrospray ionization where high analyte concentrations may
increasingly deplete available ionizing adduct ions, leading to a less-than-proportional increase
in detected signal with increasing concentration. This so-called self-suppression phenomenon
can be somewhat compensated by the use of a stable-isotope-labeled internal standard that
co-elutes with the analyte and, therefore, experiences similar proportional suppression.
However, best-method performance is achieved when calibration falls within the linear range.

6.2.4 TEST SAMPLE PREPARATION

The scope of acceptable sample preparation procedures for quantitative MS analysis is broad
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and depends on many factors, including the analyte chemical class, the composition and
complexity of the matrix, the target analyte concentration, and the type of analytical
instrumentation available. If appropriate, the preferred approach is simple dissolution followed
by internal standard addition and then dilution to a target concentration within the calibration
range. This simplicity minimizes the potential for analyte recovery issues and contamination or
other procedural errors that may compromise the robustness of more complex methods.
Provided sufficient instrument sensitivity, optimal method performance typically is achieved with
greater dilution factors (lower analyte concentrations in the prepared sample). This approach
not only avoids self-suppression issues but also minimizes the potential for ionization
suppression due to co-eluting matrix components. 
More complex sample preparation procedures may be required to address issues related to the
chemical class or concentration of the analyte, as well as the nature of the matrix. In such
cases, the use of an internal standard (stable-isotope-labeled standards in particular) is almost
essential to ensure adequate method performance. For best results, the addition of the internal
standard should take place at the earliest practical stage of sample preparation (e.g.,
immediately following test sample dissolution). 
For example, procedures such as liquid–liquid and solid-phase extraction may be required to
enrich (concentrate) target compound(s) for greater assay sensitivity or for isolation from high
levels of ionization-suppressing components within the matrix (e.g., salts or other excipients).
Chemical derivatization of certain functional groups of a target compound may be desirable to
stabilize the sample (e.g., for GC–MS analysis), improve method chromatographic performance,
or enhance intrinsic sensitivity for detection (e.g., for ESI). Although such procedures add
complexity, they are acceptable provided the overall analytical procedure can be properly
validated. 
A special case of complex sample preparation that may be required for quantification of
macromolecular compounds such as vaccines and biotherapeutics involves the intentional
degradation of the target molecule(s) into smaller entities that are more amenable to
quantitative MS analysis. For example, partial degradation of a protein therapeutic may be
achieved by hydrolytic (chemical) or enzyme-based (e.g., tryptic) digestion to yield peptide
fragments that are characteristic of the protein. These smaller molecules can be analyzed by
using principles described in this section (including the use of stable-isotope-labeled internal
standards of each targeted peptide), and the results can be correlated to determine the
concentration of the original target protein. Further, by measuring multiple peptides derived
from the protein of interest, analysts can achieve qualitative (identity) verification of the
protein by means of the same method. Of course, this indirect approach usually requires some
degree of isolation and qualitative identification of the macromolecule to ensure that the
subsequent quantitative measure of the representative peptides is relevant.

7. EMERGING MS APPLICATIONS

7.1 Drug Product Authentication and Contamination Detection

Counterfeit and contaminated or adulterated pharmaceutical materials are a threat to patient
safety, consumer confidence, and product security and are therefore of concern to
pharmaceutical manufacturers and regulatory agencies. Because increases in the incidence of
counterfeited and contaminated pharmaceutical materials have elevated concerns about public
health safety and product security, numerous measures have been employed to detect
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counterfeit and contaminated drug products and to ensure supply chain integrity. Because of
its sensitivity and specificity, MS is an effective analytical tool for broad application in the
determination of authenticity, source, or contamination of drug products. Approaches include
verifying the identity of the active ingredient(s), determining and comparing impurity profiles,
and isotopic characterization.

7.1.1 IDENTIFICATION OF THE ACTIVE INGREDIENT

Counterfeit drug products may contain multiple or different active ingredients or no active
ingredient at all. GC–MS, LC–MS, or direct-infusion MS procedures can provide a verification of
the presence or absence of an active ingredient or the identity of other active ingredients that
may be present. Counterfeit drug products containing multiple active ingredients or very high
levels of a single active ingredient (superpotent samples) typically are of greater concern to
human safety than those that contain little or none. In cases such as these MS can provide
positive, unequivocal proof of identity, as well as quantitative information sufficient to pursue
those responsible for producing the counterfeit products.

7.1.2 IMPURITY PROFILING

Impurity profiles can indicate contamination of a drug product or can distinguish an authentic
product from a counterfeit. Impurity profiles serve as fingerprints for a drug substance or
formulated product from a particular source. Hyphenated techniques such as LC–MS and GC–
MS can be used to resolve and identify process-specific impurities that are characteristic of a
particular synthetic route, which can be useful in determining the origin and distribution of
counterfeit materials. Variations in the impurity profile of the authentic material and changes in
the profile with time and process conditions must be considered when analysts use impurity
profiles for identification or as indicators of potential contamination. With suspect counterfeit
products, similarity of impurity profiles may not necessarily indicate a suspect sample is
authentic. In such cases, additional investigation using orthogonal procedures may be
necessary.

7.1.3 ISOTOPIC CHARACTERIZATION

Stable isotopes of elements such as carbon, nitrogen, hydrogen, and oxygen occur naturally in
pharmaceutical products and raw materials. Isotopic ratios principally depend on starting
materials and processes used to produce drug substances and drug products and can be highly
specific for a given batch. Therefore, isotope ratios can define an isotopic fingerprint for a
given material, and observed differences in specific isotope ratios between batches can be
used to authenticate materials or indicate potential contamination. Isotope ratio mass
spectrometry (IRMS) is a powerful tool for pharmaceutical authentication or detection of
potential contamination in drug products and raw materials. IRMS affords a high level of
specificity, accuracy, and precision in the determination of certain elemental (e.g., carbon,
nitrogen, oxygen, and hydrogen) isotope ratios in drug substances or products. Because
specific isotope ratios can be influenced by multiple factors such as location, climate, process
differences, and source and quality of raw materials, IRMS is able to provide information that is
not only useful in authenticating a drug product but also in indicating the origin of a drug
product or material. This is particularly important in determining whether distributed counterfeit
drug products obtained at discrete locations originate from the same manufacturing process or
when linking a diverted product with its original manufacturing site. Figure 9 illustrates subtle
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but notable differences between authentic drug product samples from three global
manufacturing sites and overt differences between authentic and three counterfeit drug
products. Additionally, IRMS approaches authentication from a postproduction perspective and
does not involve marking or altering the drug product, as may be required by other
pharmaceutical authentication technologies.

Figure 9. Bivariate plot of stable isotopic composition ( 13C versus 15N) of authentic drug
product from three global manufacturing sites (Sites 1–3) and three counterfeit drug products

(C1–C3).

BRIEFING

1771  Ophthalmic Preparations—Performance Tests. It is proposed to add this new
general information chapter that contains information about dissolution or drug release tests for

ophthalmic preparations. See the Briefing under Ophthalmic Ointments 771 .

(GCDF: M. Marques.)
Correspondence Number—C129474

Comment deadline: November 30, 2013

Add the following:

1771  OPHTHALMIC PREPARATIONS—PERFORMANCE TESTS

INTRODUCTION

This chapter provides information on performance tests to assess drug release from finished

2S (USP37)
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ophthalmic preparations. These tests may have the ability to detect changes in drug release
from drug products that may have the potential to alter the in vivo performance of the drug in
the dosage form. These changes may be related to the drug substance(s) or to the excipients
present in the formulation, physical and/or chemical attributes of the finished formulation,
critical manufacturing variables, shipping and storage effects, aging effects, and other
formulation and/or process factors critical to the performance of the ophthalmic preparation.

PERFORMANCE TESTS (DISSOLUTION/DRUG RELEASE)

In the case of semisolid dosage forms such as ointments, gels, and emulsions, the test can be

performed according to Semisolid Drug Products—Performance Tests 1724 . This chapter
contains the description of the equipment and instructions on how to perform the test using
equipment such as a vertical diffusion cell, an immersion cell, and a special cell to be used with
USP Apparatus 4 (flow-through cell). 
Depending on the design and release mechanism of the dosage form, the dissolution/drug

release test can be developed using the conditions described in Dissolution 711  or Drug

Release 724 . 
Novel dosage forms may require the use of noncompendial equipment and/or conditions. An
example is the cell for colloidal systems (liposomes, nanospheres, etc.) (see Figure 1)
developed to be used with USP Apparatus 4 or the apparatus used in the dissolution test for
Minocycline Periodontal System.

Figure 1: Cell for colloidal systems for USP Apparatus 4.

The dissolution/drug release test should be discriminative for the critical quality attributes of
the product and should be properly validated (see The Dissolution Procedure: Development and

Validation 1092 ).

BRIEFING

2232  Elemental Contaminants in Dietary Supplements, page 5795 of the First
Supplement to USP 37. It is proposed to reduce the permissible daily exposure limit (PDE) for
lead from 10 µg/day to 5 µg/day according to the recommendations of the USP Expert Panel for
Elemental Impurities. These recommendations were based on information received from the
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Centers for Disease Control (CDC), and the International Conference on Harmonization (ICH). In
2012, the CDC reduced the level of concern for blood testing from 10 ng/dL to 5 ng/dL. ICH
also recommended a new permissible daily exposure for lead of 5 µg/day in pharmaceutical
dosage forms. In addition, an improved method for inorganic arsenic is proposed, changing the
reducing distillation solution from a ferrous salt to potassium iodide. With the new distillation
reducing solution and simplified distillation, the recovery of arsenic [As(V)] as arsenic trichloride
(AsCl3) after subsequent distillation was 92.4%–95.4%. It is also proposed to replace the
recommended procedure for the determination of methylmercury based on HPLC and cold vapor
atomic absorption (HPLC-CVAA) with a new procedure based on HPLC coupled with inductively
coupled plasma mass spectrometry (HPLC-ICP-MS), because the currently recommended HPLC-
CVAA procedure requires a noncommercially available interface between the HPLC and the
detection system. The method was originally developed by the U.S. Food and Drug
Administration (FDA), and is currently published in the FDA publication, Elemental Analysis
Manual: Section 4.81,2. The method was revalidated in USP laboratories using a protocol for
limit tests and quantitative tests, as detailed in USP general chapter Elemental Impurities—

Procedures 233 . While the general chapter 2232  details the analytical procedure for
mercury species contaminants as a limit procedure, additional validation test results for a
quantitative procedure were also included. Validation results were as follows: Limit of detection
0.01 µg/g at a mass-to-charge ratio of 202; precision was determined at 7.04% relative
standard deviation, specificity; and accuracy was determined by spike recovery between 83%
and 101% and as 102% recovery from the NIST RSM relative to the values reported by Hight2

on the reference material tested. The validation data was obtained with the Phenomenex
Synergi 4u Hydro-RP 80A brand of L1 column from Phenomenex, and the typical retention times
for the peak representative of mercury (Hg2+) and for the peak representative of
methylmercury (MeHg+) were 2.2 and 3.9 min, respectively.

(GCCA: C. Okunji.)
Correspondence Number—C131113

Comment deadline: November 30, 2013

2232  ELEMENTAL CONTAMINANTS IN DIETARY SUPPLEMENTS

The objective of this general chapter is to limit the amounts of elemental contaminants in
finished dietary supplement dosage forms labeled as conforming to USP or NF standards. This
general chapter is not intended to set limits for dietary ingredients. Those limits are set in the
corresponding individual monographs. 
The focus of this general chapter is on the four major elements of toxicological concern:
arsenic, cadmium, lead, and mercury. The extent of testing can be determined using a risk-
based approach that takes into account the likelihood of contamination. Manufacturers should
consider the presence of unexpected elemental contaminants to determine compliance.

Change to read:

LIMITS OF ELEMENTAL CONTAMINANTS

The levels of elemental contaminants should be restricted as shown in Table 1 unless otherwise
stated in the individual monograph. Specific monographs may provide different limits for articles
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that need to be consumed in large quantities.

Table 1

Element
PDE

(µg/day)a

Arsenic (inorganic) 15
Cadmium 5

Lead
1.0

5
Mercury (total) 15
Methylmercury (as Hg) 2

a  Permitted Daily Exposure (PDE) is derived from the Provisional Tolerable Weekly Intake
(PTWI) that is recommended by the Food and Agriculture Organization of the United Nations
and World Health Organization (FAO/WHO) by subtracting the daily exposure (µg/day) to each
elemental contaminant from air, food, and drinking water. A body weight of 50 kg and a safety
factor are used to calculate the PDE. Other regulations (e.g., Proposition 65 in California) may
require different limits; manufacturers are responsible for compliance with applicable local
requirements differing from these PDE values.

Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be demonstrated
on the basis of a speciation procedure. Methylmercury determination is not necessary when the
content for total mercury is less than the limit for methylmercury.

Change to read:

OPTIONS FOR COMPLIANCE WITH THE LIMITS OF ELEMENTAL CONTAMINANTS

In order for a dietary supplement finished dosage form to comply with the limits for elemental
contaminants as described in this chapter, the level of elemental contaminant in the finished
dietary supplement should be NMT the PDE. The following three options are available for
determining compliance with the limits for elemental contaminants in dietary supplements.

Dietary Supplement Analysis Option

This option is generally applicable. In this option, the finished dietary supplement dosage form is
analyzed according to the procedures in the general chapter Elemental Impurities—Procedures 

233  or the speciation procedures given in this chapter. The results obtained from the
analysis of a typical serving size, scaled to a maximum daily intake, are compared to the PDE,
as stated in Table 1.

Analysis: Proceed as directed below in this chapter. 
Calculate the measured amount of each elemental contaminant, in µg/daily intake, as:

Result = MVSS × N

MVSS = measured amount of each elemental contaminant (µg/serving size) 
N = maximum daily intake of the supplement recommended in the labeling (servings/day)
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Acceptance criteria: The measured amount/daily intake is NMT the PDE value given in Table 1.

Individual Component Option

This option is applicable to finished dietary supplement dosage forms with a maximum daily
intake of NMT 10 g of the dietary supplement finished product.

Analysis: Unless otherwise specified in the individual monograph, proceed with the individual
ingredient as directed below in this chapter.

Acceptance criteria: The product meets the requirements when each component used to
prepare the finished dietary supplement meets the limits given in Table 2.

Table 2

Element
Individual Component Limits

(µg/g)a

Arsenic (inorganic)b 1.5

Cadmium 0.5

Lead
1.0

0.5
Mercury (total) 1.5
Methylmercury (as Hg)c 0.2

a  The limits for individual components are based on a maximum daily intake of 10 g of a
dietary supplement and are intended for use only with Options for Compliance with Limits of
Elemental Contaminants, Individual Component Option.
b  Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be
demonstrated on the basis of a speciation procedure.
c  Methylmercury determination is not necessary when the content for total mercury is less
than the limit for methylmercury.
[Note—If all components in a formulation meet the limits given for the Individual Component
Limits, these components can be used in any proportion. No further calculation is necessary.]

Summation Option

This option can be used for finished dietary supplement dosage forms that are consumed in
quantities greater than 10 g/day or where the acceptance limit for any contaminant in any
component of the dietary supplement exceeds the applicable Individual Component Limit.

Analysis: Unless otherwise specified in the individual monograph, proceed with the individual
ingredient as directed below in this chapter.

Calculate the amount of each elemental contaminant, in µg/daily intake, present in the finished
dietary supplement dosage form:

Result = S(Ci × Wi) × N

Ci = elemental contaminant concentration in the individual component (µg/g) 
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Wi = weight of each individual component per serving of the dietary supplement (g/serving) 
N = maximum daily intake of the supplement recommended in the labeling (servings/day)

Acceptance criteria: The calculated amount of each elemental contaminant/daily intake is
NMT the PDE value given in Table 1.

Change to read:

ANALYTICAL PROCEDURES FOR TOTAL ELEMENTAL CONTAMINANTS

Performance-based methodology for analysis of total elemental contaminants in general chapter

Elemental Impurities—Procedures 233  is applicable for dietary supplements. The validation
necessity will vary depending on the situation. In all three options described in the section
Options for Compliance with the Limits of Elemental Contaminants, the use of Validation of

Limit Procedures (see Elemental Impurities—Procedures 233 ) may be appropriate. However,
for the Summation Option, acceptable levels of validation must be determined on a case-by-
case basis. Validation of a procedure using the Validation of Quantitative Procedures (see

Elemental Impurities—Procedures 233 ) is acceptable for all options under all circumstances
and is generally preferred. The determination of the level of validation necessity is at the
discretion of the manufacturer and the competent regulatory authority.

Analytical Procedure for Inorganic Arsenic

Where the level of total arsenic exceeds the limit recommended in this chapter, speciation may
be used to determine the amount of inorganic arsenic present. The following procedure is
suggested for determination of inorganic arsenic, but any validated procedure shown to give
equivalent or better results can be used.

Apparatus 
See Figure 1.
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Figure 1. Special apparatus for the determination of inorganic arsenic (A, 250-mL distillation
flask; B, receiver chamber, approximately 50-mL capacity; C, reflux condenser; D, splash head
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or security funnel).

Reagents

Distillation-reducing solution: 72 mg/mL of ACS-grade, low-arsenic, ferrous chloride
tetrahydrate (FeCl2·4H2O) in 6.6 N hydrochloric acid.
30.0 g of potassium iodide in 100 mL of water.

[Note—Prepare fresh on the day of use.]

Control: 6.0 µg of arsenic (As) (6.0 mL of Standard Arsenic Solution). [Note—Use this amount

rather than the 3.0 mL specified for Standard Preparation in the general chapter Arsenic 211

, Method I.]

Sample solution: Transfer a 2.00-g sample that has previously been ground to pass through a
60-mesh screen to a distillation flask (A). To the flask add 50 mLof Distillation-reducing solution
35 mL of hydrochloric acid 6.6 N and 15 mL of Distillation–reducing solution, let stand for 5 min

to ensure reduction of arsenic [As(V)],
connect the flask to the receiver chamber (B), complete the assembly of the apparatus, and
begin circulating tap water through the condenser (C). Half-fill the lower two bulbs of the
splash head (D) with water. Maneuver the stopcock to cause the contents of the receiver
chamber to drain into the distillation flask, heat the flask until the temperature above the

solution reaches 106 –108 ,

100 –110 , 
and continue refluxing at this temperature for 15 min. Close the stopcock, continue heating at

100 –110 , and collect 30–33 mL of distillate in the receiver chamber. Remove the heating

source, and allow the temperature to drop to about 80 .

Drain the distillate from the receiver chamber into a 250-mL beaker that is contained in an ice-
water bath. Close the stopcock, and add a second 50-mL portion of the Distillation-reducing
solution through the thermometer opening to the distillation flask. Replace the thermometer,

increase the temperature to 108 –110 , and collect a second 30–33-mL portion of distillate in
the receiver chamber.

Drain the second distillate into the beaker containing the first portion, and continue cooling in
the ice-water bath until the combined distillate cools to room temperature. Remove the splash
head, and wash its contents into the beaker. Also, wash down the inside of the condenser and
receiver chamber with water, collecting the washings in the beaker. Pass the beaker contents
through a Whatman No. 40, or equivalent, filter paper, collecting the filtrate in a 300-mL
Erlenmeyer flask having a 24/40 standard-taper joint, to be used later as an arsine generator
flask. Wash the filter three times with water so that the final volume of filtrate measures 200
mL.

Close the stopcock, and add a second 35-mL portion of 6.6 N hydrochloride (HCl) and 15 mL
of the Distillation–reducing solution through the thermometer opening to the distillation flask.

Replace the thermometer, increase the temperature to 100 –110 , and collect a second 30- to
33-mL portion of distillate in the receiver chamber. Drain the second distillate into the beaker
containing the first portion, and cool the combined distillate to room temperature. Remove the
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splash head, and wash its contents into the beaker. Also, wash down the inside of the
condenser and receiver chamber with water, collecting the washings into the beaker. Transfer
to a 100-mL volumetric flask, and complete with water to volume.

Analysis: Determine the arsenic content by the ICP-MS procedure in 233  Elemental
Impurities—Procedures. Alternatively, add 2 mL of potassium iodide TS and 0.5 mL of stronger
acid stannous chloride TS to the Sample solution contained in the Erlenmeyer flask, and

proceed as directed in Arsenic 211 , Method I, Procedure, beginning with “Allow to stand at
room temperature for 30 minutes.”

Analytical Procedure for Methylmercury

Where methylmercury determination is required, the following procedure is suggested. However,
any validated procedure shown to give equivalent or better results can be used.

Apparatus
Note—Wash all glassware with a laboratory detergent, and rinse thoroughly with hot tap water
followed by purified water. Rinse with acetone, and let dry.

The system consists of an HPLC connected through an interface to an atomic absorption
detector for mercury determination at 253.7 nm with a mercury hollow-cathode lamp, deuterium
background corrector, and gas flow-through cell with open ends or quartz closed ends (10–25-
mm ID × 100–115-mm).

Interface assembly (see Figure 2): Consists of the following components:

1. Heater—With 1-inch thick magnesia and alumina insulation
2. Flowmeter

3. Temperature-indicating device—Ranging from 0 –1370
4. Short condenser—175-mm jacket length, standard taper 24/40
5. Rubber stopper—No. 5, solid neoprene. [Note—A suitable rubber stopper is available as

No. 14–141F from Fisher Scientific Co.]
6. Stainless steel tubing—1/16 inch (1.6 mm) OD, 0.04 inch (1 mm) ID
7. Trap—Test tube, 125 × 15 mm
8. Boiling flask—2 neck, 500 mL. [Note—A suitable boiling flask is available as Kontes No.

605000.]
9. Stainless steel tubing—Two 6-inch (15-cm) lengths

10. Plastic tubing—Spaghetti type, 0.057–0.067 inch (1.45–1.7 mm) ID
11. Plastic tubing—Spaghetti type, as connector to AAS system
12. Electrical connection—Standard 120-V plug to variable voltage transformer

Atomic absorption spectrophotometer (AAS): Follow the manufacturer's operating
instructions for mercury determination at 253.7 nm with deuterium background correction.
Typical response for an injection of 0.100 µg Hg/100 µL standard is approximately 0.20 A using
a cell of 25-mm ID × 115-mm. Use a recording device set to obtain approximately 30%–50% full
scale for an injection of 0.100 µg Hg/100 µL standard. The working range is approximately
0.01–0.25 µg Hg/100 µL injected.

Figure 2
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Figure 2. A diagram of the HPLC/AAS interface.

Reagents [Note—Use water double-distilled in glass.]
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Sodium thiosulfate solution: Use a 0.01 M solution.

Hydrochloric acid solution: Use a 1.8 M solution.

Chromatographic siliceous earth: Acid-washed. [Note—A suitable grade is available as acid-
washed Celite 545.]

Methylmercuric chloride stock standard solution: Use a solution equivalent to 100 µg/mL of
mercury from methylmercuric chloride prepared by dissolving 125 mg of methylmercuric chloride
in 20 mL of methanol and diluting with water to 1 L.

Ammonium acetate solution: Use a 0.05 M solution.

Mobile phase: Methanol and ammonium acetate solution (3:2) adjusted with glacial acetic acid
to a pH of 5.7 ± 0.2. Add 0.1 mL of 2-mercaptoethanol per L immediately before use.

Instrument Set-Up

Figure 2 is a diagram of the HPLC/AAS interface. Components are placed inside a shop-made
box of the dimensions shown. The box has a Plexiglas door at the front, and the back and top
are removable. Items 1–3 are bolted to the sides of the box. Set up the remaining items as
follows: Bend a 30-inch (76 cm) stainless steel tubing (item 6) as shown to provide additional
heating surface. Place the bent portion, together with the thermocouple element, between 2
disks of the heater held tightly together by a screw at the center of the upper disk. Enclose
the heater assembly in 1-inch (25-mm) thick magnesia–alumina insulation, and secure to the
aluminum plate support by means of the aluminum cover and screws. Push the stainless steel
tubing from the heater outlet through the center of the rubber stopper (item 5) so that the end
of the tubing is near the constructed portion of the condenser when the stopper is inserted
tightly into the top of the condenser. Push two additional 6-inch (15-cm) lengths of the
stainless steel tubing through the rubber stopper, one to serve as the nitrogen inlet and the
other as the mercury vapor outlet. Connect the nitrogen inlet through the flowmeter and the
mercury outlet to the test tube trap by means of spaghetti-type tubing. Connect the nitrogen
tank to the flowmeter by means of spaghetti-type tubing and standard Swagelok fittings and
unions. Connect the outlet from the LC column to the 0.01-inch (0.25-mm) ID stainless steel
tube, which is connected to the inlet of the heating tube by standard 1/16-inch (1.6-mm)
Swagelok fittings and zero dead-volume union. Connect the outlet of the test tube trap
(spaghetti tubing, item 11) to the AAS cell by the small rubber stopper inserted into the side
arm of the cell.

Operating Conditions for the HPLC/AAS Interface

Turning the system ON: (1) Adjust the Mobile phase flow rate to 0.7 mL/min. (2) Introduce
water into the condenser. (3) Adjust the nitrogen sweep to 0.1 L/min (tank pressure 15 psi
(1.04 kPa) and 10.0 setting on the flowmeter). (4) Gradually adjust the temperature of the

interface heater to 550  (transformer setting approximately 65). (5) After the temperature

reaches 550 , check the system stability by injecting several aliquots of methylmercury
standard solutions. (The retention time of methylmercury is 5–6 min.)

The precision between the methylmercury peak heights should be NMT 5%. Inject all standard
solutions to check linearity. If these parameters cannot be achieved, check for leaks or, after
long use, replace the effluent tubing. [Note—To conserve analytical standard solutions, another
set of standards of the same concentration may be prepared by direct dilution of
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Methylmercuric chloride stock standard solution with Sodium thiosulfate solution. Use these
standards only for instrument checking. To prepare solutions of 0.05, 0.100, 0.150, 0.200, and
0.250 µg Hg/100 µL, dilute 100 µg Hg/mL of Methylmercuric chloride stock standard solution
with Sodium thiosulfate solution as follows: 1, 1, 3, 2, and 5 mL to 200, 100, 200, 100, and 200
mL, respectively.]

Turning the system OFF: (1) Turn off the interface heater, and let the system cool to near
room temperature. (2) Shut off other components, but do not shut off the Mobile phase flow
while the heater is hot. If this is done, carbon may deposit and clog the effluent tube. For the
same reason, do not pump neat organic solvents, such as methanol, to clean the column while
the heater is hot. (3) After the heater has cooled to room temperature, pump methanol to rinse
the column.

Preparation of Sample Solutions

For supplements in tablet form: Weigh and finely powder NLT 20 tablets. Transfer an
accurately weighed portion of about 10.0 g of the powder to a 100-mL beaker. Prepare an
analytical mixture by adding Hydrochloric acid solution so that the mass of the analytical
portion of the powdered tablets plus the mass of the Hydrochloric acid solution totals 25.00 ±
0.30 g. Blend the analytical mixture in a homogenizer (approximately 1 min) to obtain a fine
suspension. Immediately weigh 10.0 g of the fine suspension into a beaker containing 10 g of
Chromatographic siliceous earth, and mix well. Quantitatively transfer the mixture to a glass
chromatographic column containing a pledget of glass wool at the bottom. Compact the mixture
moderately with a tamping rod to a height of approximately 8 cm, and place the pledget of
glass wool on top. Elute the column by adding 20 mL followed by four 5-mL aliquots of
chloroform. Collect the first 20 mL of the eluate in a tall 25-mL glass-stoppered graduated
cylinder. Add 4.0 mL of Sodium thiosulfate solution, shake the mixture gently for 1 min, and
allow to stand for 5 min. Transfer the upper aqueous layer containing the methylmercury–
thiosulfate complex together with any emulsion into a 25-mL Erlenmeyer flask. Blow a
moderately strong stream of nitrogen into the flask for 1–2 min to break up any emulsion, and
expel droplets of chloroform.
Note—To aid in breaking the emulsion, hold and rotate the flask at a 45-degree angle with one
hand, and direct the nitrogen stream at the thin layer of emulsion that adheres to the bottom
of the flask as it rotates.
Note—Some supplements may produce cloudy extracts. If this occurs, the extract can be
passed through a membrane filter.

For supplements in capsule form: Weigh accurately NLT 20 capsules and determine the
average weight. Place a number of capsules equivalent to about 10.0 g in a 100-mL beaker,
and add the Hydrochloric acid solution so that the mass of the analytical portion of capsules
taken plus the mass of the Hydrochloric acid solution totals 25.00 ± 0.30 g. Proceed as
directed in For Supplements in Tablet Form beginning with “Blend the analytical mixture...”.

For supplements in liquid form: Weigh accurately 10.0 g of the liquid in a 100-mL beaker,
and prepare an analytical mixture by adding Hydrochloric acid solution so that the mass of the
analytical portion of the dietary supplement liquid taken plus the mass of the Hydrochloric acid
solution totals 25.00 ± 0.30 g. Proceed as directed in For Supplements in Tablet Form
beginning with “Blend the analytical mixture...”.

Preparation of the Reagent Blank Solution
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Prepare the reagent blank analytical solution by weighing 25.00 g of Hydrochloric acid solution
into a 100-mL beaker. Proceed as directed in Preparation of Sample Solutions, For Supplements
in Tablet Form, beginning with “Immediately weigh 10.0 g...”.

Preparation of Standard Solutions

Prepare 0.050, 0.100, 0.150, 0.200, and 0.250 µg Hg/100 µL of Standard solutions by adding,
respectively, 20-, 40-, 60-, 80-, and 100-µL aliquots of Methylmercuric chloride stock
standard solution to 20 mL of chloroform in separate 25-mL glass-stoppered graduated
cylinders. Proceed as directed in Preparation of Sample Solutions, For Supplements in Tablet
Form, beginning with “Add 4.0 mL of Sodium thiosulfate solution...”.

Chromatographic System

(See Chromatography 621 .)

Mode: LC

Detector: Cold vapor atomic absorption at 253.7 nm

Guard column: 2.1-mm × 7-cm; packing L2

Analytical column: 4.6-mm × 25-cm; packing L1

Injection volume: 100 µL

Analysis

Inject the Sample solution into the HPLC/AAS system. After the methylmercury peak appears,
inject a 100-µL aliquot of Standard solution that produces a peak height equal to or slightly
higher than the Sample solution peak height. Repeat by injecting the Sample solution again,
followed by the selected Standard solution. If the Sample solution peak height is higher than
the peak height for the highest standard, dilute quantitatively an appropriate aliquot of Sample
solution with Sodium thiosulfate solution. Account for the dilution in the final calculation.

Calculations

Additional dilutions must be accounted for in the final calculation. Do not vary the injection
volume.

Measure peak heights above the base line, and calculate the methyl-bound mercury
concentration in the test portion, in µg Hg/g, by comparing the average peak heights of the
Sample solution to the average peak heights of the Standard solution as follows:

Result (µg/g) = (rT/rS) × (WS/WT)

rT = average peak height of the Sample solution (A) 
rS = average peak height of the Standard solution (A) 
WS = amount of standard injected (µg Hg) 
WT = amount of analytical portion injected (g)

where

WT = (D/E) × [F × (0.100 mL/4.0 mL)]
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D = weight of the analytical portion (g) 
E = weight of the analytical mixture prepared (g) 
F = weight of the analytical mixture added to the Chromatographic siliceous earth (g)

If necessary, correct the peak height for the Sample solution using the response of the diluted
Reagent blank solution.

The quantitation limit, defined as 10 times the standard deviation of the reagent blank, is 0.006
µg Hg/100 µL injected. This corresponds to a quantitation limit of 0.06 µg Hg/g for a 10-g
analytical portion treated according to the procedure. The intraday variation, calculated as the
standard deviation of five replicate injections of duplicate sample preparations, is NMT 0.12 and
the relative standard deviation is NMT 20%.

Procedure 1 
This procedure uses an aqueous extraction of the mercury species with an l-cysteine solution,
HPLC separation of the derivatized mercury species with a mobile phase also containing l-
cysteine, and ICP-MS detection.

Cysteine solution: 1% l-cysteine hydrochloride monohydrate in water

Mobile phase: 0.1% l-cysteine hydrochloride monohydrate and 0.1% l-cysteine free base in
water

Standard stock solution: 1 µg/mL of mercury (Hg) as methylmercury chloride, and 1 µg of
mercury (Hg) as mercury chloride in 5% hydrochloric acid containing 0.2 mg/mL of l-cysteine
hydrochloride monohydrate

Standard solution: 2 ng/mL of mercury as methylmercury from Standard stock solution in
Cysteine solution

Sample solutions

For supplements in tablet form: Weigh, and finely powder a counted number of tablets.
Transfer an accurately weighed portion of the powder equivalent to 0.5 times the daily
recommended intake to a tared vial. Add 50.0 mL of Cysteine solution accurately weighed, cap

the vial, and shake vigorously. Place the vial in a water bath at 60  for 60 min. Shake the vial
again, and return to the water bath for another period of 60 min. Shake the vial again, and
allow to cool at room temperature for about 20 min. Filter through a 0.45 µm polyethylene
membrane. [Note—Prepare fresh on the day of use.]

For supplements in capsule form: Weigh accurately NLT 20 capsules, and determine the
average weight. Place a number of capsules equivalent to about 5 times the daily recommended
intake in a blender, add 500.0 mL of Cysteine solution and blend to obtain a homogenous
analytical suspension. Transfer 50.0 mL of this analytical suspension to a vial, cap the vial, and

shake vigorously. Place the vial in a water bath at 60  for 60 min. Shake the vial again, and
return to the water bath for another period of 60 min. Shake the vial again, and allow to cool
at room temperature for about 20 min. Filter through a 0.45-µm polyethylene membrane. [Note
—Prepare fresh on the day of use.]

For supplements in liquid form: Weigh accurately an amount of the liquid equivalent to 0.5
times the daily recommended intake into a vial, and add 50.0 mL of Cysteine solution. Cap the
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vial, and shake vigorously. Place the vial in a water bath at 60  for 60 min. Shake the vial
again, and return to the water bath for another period of 60 min. Shake the vial again, and
allow to cool at room temperature for about 20 min. Filter through a 0.45-µm polyethylene
membrane. [Note—Prepare fresh on the day of use.]

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode: LC

Detector: ICP-MS at a mass-to-charge ratio of 202

Column: 4.6-mm × 15-cm; 4-µm packing L1

Flow rate: 1 mL/min

Injection volume: 50 µL

System suitability

Sample: Standard solution

Suitability requirements

Resolution: NLT 3 between the peak representing mercury (Hg2+) species at a relative
retention time of about 0.56 and the peak representing methylmercury (MeHg+) species at a
relative retention time of 1.0

Relative standard deviation: NMT 10.0%, Standard solution

Analysis

Samples: Standard solution and the appropriate Sample solution 
Determine the peak area of the peak representative of methylmercury in the chromatograms of
the Sample solution and Standard solution.

Acceptance criteria: 0.2 µg/daily intake: The peak area for methylmercury in the
chromatogram of the Sample solution is NMT the peak area for methylmercury in the
chromatogram of the Standard solution.

1  Cheng J, Hight SC . FDA laboratory methods, elemental analysis manual. June 2008. Version 1. Section 4.8:
High performance liquid chromatographic–inductively coupled plasma–mass spectrometric determination of
methylmercury and total mercury in seafood.

2  Hight SC , Cheng J. Determination of methylmercury and estimation of total mercury in seafood using high
performance liquid chromatography (HPLC) and inductively coupled plasma-mass spectrometry (ICP-MS):
Method development and validation. Anal Chim Acta. 2006; 567:160–72.

BRIEFING

2250  Detection of Irradiated Dietary Supplements. This new general chapter
provides luminescence-based analytical procedures to detect irradiated dietary supplements.
The chapter presents a procedure based on a photostimulated luminescence method for
preliminary screening to detect irradiation, and also presents a procedure based on
thermoluminescence method to confirm irradiation. These procedures overlap with analytical

2S (USP37)
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methods from the European Commission (EN 13751:2002, Detection of irradiated food using
photostimulated luminescence; and EN 1788:2001, Thermoluminescence detection of irradiated
food from which silicate minerals can be isolated). Interested parties are encouraged to submit
comments.

(GCCA: C. Okunji.)
Correspondence Number—C129262

Comment deadline: November 30, 2013

Add the following:

2250  DETECTION OF IRRADIATED DIETARY SUPPLEMENTS

INTRODUCTION

Federal regulations do not permit irradiation of dietary ingredients or dietary supplements for
sanitation purposes except for disinfestation of arthropods using 1 kGy (21 CFR 179.26). Under
section 201(s) of the Federal Food, Drug, and Cosmetic Act [21 USC 321(s)], irradiation is
considered an additive, and as such it requires FDA approval. Foods that are irradiated should
be adequately labeled according to international and national guidelines with statements such
as “Treated with radiation” or “Treated by irradiation” in addition to information required by
other regulations, including the irradiation logo, the Radura [21 USC 321(s)]. Overexposure to
irradiation may have negative effects on product quality. Currently, several independent
methods are used to identify irradiated foodstuffs, including dietary supplements. These
methods have been validated and are recognized worldwide. 
Procedures based on luminescence are widely applied and include screening by photostimulated
luminescence (PSL), which is a rapid, simple preliminary screening method to detect irradiation,
and a subsequent thermoluminescence (TL) procedure to confirm that the sample has been
irradiated. PSL is less time consuming than TL because the inorganic/silicate mineral source of
luminescence does not need to be isolated from any organic components present. Both PSL and
TL signal intensities are affected by irradiation dose as well as by the nature and amount of
inorganic material. TL analysis is one of the detection methods used for confirming the
presence of irradiated foods, herbs, spices, vegetables, and fruits, although it has certain
limitations: for example, samples must contain sufficient amounts of silicates that can be
successfully separated from the samples. The lengthy preparation and need for irradiation in all
cases limits TL to a small number of laboratories. 
The procedures described in this chapter can be used both by regulatory authorities and by
producers and suppliers of foods, including dietary supplements, to detect undeclared irradiated
products in the market for purposes of determining compliance with regulations.

PRINCIPLES OF PHOTOSTIMULATED LUMINESCENCE AND THERMOLUMINESCENCE

Most of the natural dietary ingredients that are either cultivated or wild contain silicate
minerals, calcite, or hydroxyapatite. Exposure to ionizing radiation from gamma rays (60Co or
137Cs), electron beams (up to 10 MeV), or x-rays (up to 5 MeV) stimulates electrons in those
types of crystals, resulting in energized electrons being stored in the crystal lattice. Trapped
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high-energy electrons can be released by stimulation with light or controlled heat, leaving
electron holes in the crystal lattice. The energy thus released is detected as luminescence. PSL
occurs if light is applied to the system, and TL occurs when heat is applied to the system. The
recorded luminescence intensity is proportional to the initial radiation dose absorbed. 
Samples for both PSL and TL measurements must be taken from a light-protected position of
the bulk samples, and exposure to high temperature and light must be avoided after the
samples are taken from the bulk. Sample preparation and subsequent PSL or TL measurement
must be conducted under subdued lighting conditions when possible. 
TL has been widely used for detection of irradiation in food and dietary ingredients from which
silicate minerals can be isolated. In this chapter, PSL and TL are described as the most
appropriate detection methods for the materials typically used as dietary ingredients. The two
methods are both radiation-specific phenomena, based on the observation that photon counts
of irradiated samples usually are higher than those of nonirradiated samples. However, all
available methods have some limitations in terms of their specific application range, product-to-
product variation, complexity of or interference from the food matrix, and low concentration of
radiation-induced markers.

GENERAL PROCEDURE FOR DETECTION OF IRRADIATION IN DIETARY INGREDIENTS AND
DIETARY SUPPLEMENTS

Screening Using Photostimulated Luminescence

PSL, also known as optically stimulated luminescence, is based on the emission of light in the
300–600 nm range from irradiated samples when illuminated at longer wavelengths in the near-
IR region. PSL analysis allows multiple measurements to be performed without sample
pretreatment in a short period of time. PSL is also a nondestructive method that does not
require separation of inorganic minerals and organic compounds. PSL is based on optical
stimulation of mineral debris, typically silicates, and bioinorganic materials such as calcite,
feldspar, or hydroxyapatite, and its sensitivity depends on the quantities and types of minerals
present in the sample. Before the measurement of PSL, two thresholds are set: the lower
typically is set at 700 counts per min (T1), and the upper typically is set at 5000 counts/min
(T2). These two thresholds serve to classify the samples. After initial screening of PSL intensity
from the samples is performed, the results are classified into negative (counts per min less than
T1), intermediate (counts per min NLT T1 and NMT T2), or positive (counts per min more than
T2). A second measurement after a known irradiation dose, known as calibrated PSL (CalPSL),
is applied in cases of poorly defined sample matrices whose luminescence sensitivities are not
well established. By comparing the screening PSL measurement against its CalPSL response,
analysts can take into account variation in detection sensitivity due to variable amounts and
different types of minerals present in a given sample. CalPSL measurements are recommended
to rule out false negative results due to low mineral content.

INSTRUMENTATION

The PSL system consists of pulsed IR sources for photostimulation, a single-photon counting
system for highly sensitive detection of luminescence, a sample chamber, and a computer for
data analysis. 
The instrumental setup procedure includes checks of irradiated and nonirradiated materials, as
well as establishing measurement parameters (cycle time, thresholds, and data-recording
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conditions). Measurement of initial background counts and periodic measurement of counts in
the empty chamber should be conducted in subdued lighting to confirm lack of instrument
contamination. The PSL signals (photon counts) emitted from the sample per second are
automatically accumulated in the computer and are reported as counts per min. [Note—All
experiments should be conducted under subdued lighting. In order to minimize the risk of cross-
contamination, all preparations are performed in a laminar-flow cabinet.]

PHOTOSTIMULATED LUMINESCENCE MEASUREMENT

Procedure

PSL screening—Dispense and weigh two portions of the sample (5–10 g, depending on the
density of the product) into two separate 50-mm disposable Petri dishes to cover the Petri
base in a thin layer. Dispense samples in subdued lighting to minimize bleaching and under a
laminar-flow cabinet to minimize cross-contamination. Measure the PSL of the sample for 1 min
on the duplicate aliquots, and calculate the mean.

Calibrated PSL (CalPSL)—[Note—CalPSL testing may be done only once as part of the validation
of the procedure for each material.] 
Dispense and weigh two portions of the sample (5–10 g, depending on the density of the
product) into 50-mm disposable Petri dishes to cover the Petri base in a thin layer. Measure the
PSL of the sample for 1 min on duplicate aliquots, and for each sample calculate the mean.
Irradiate the sample to a known dose of 1 kGy after the initial screening. Repeat the PSL
measurement (CalPSL).

Evaluation—Classify results in the following manner:

< T1: negative, no evidence of PSL 
> T1 and <T2: intermediate, weak PSL signal 
> T2: positive, stronger signal.

Acceptance criteria—Nonirradiated samples produce negative results in the PSL screening and
are known to produce positive results in the CalPSL. [Note—Negative signals in the PSL
screening are generally associated with nonirradiated material but can result from low-
sensitivity irradiated materials. To evaluate whether a sample is a low-sensitivity material,
assessment of the signals using the CalPSL option is necessary. Positive signals in the PSL
screening are associated with irradiated material. Samples that are classified as intermediate
require further investigation by the TL method to determine their irradiation status.]

Confirmatory Analysis Using Thermoluminescence

The TL analysis is based on physical changes in silicate minerals that are present in many food
samples and dietary ingredients. The silicate minerals are able to store the absorbed radiation
energy. A TL reader measures the amount of light that is emitted during controlled heating. The
TL of the sample (TL1) is compared to that of the same sample following irradiation at 1 kGy
(TL2). If the TL ratio (TL1/TL2) is greater than 0.1, the sample is considered to be irradiated. In
order to use the TL method for the detection of irradiated foods or dietary ingredients, silicate
minerals must be isolated from the samples.

INSTRUMENTATION
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TL measurements can be performed with a TL detector that meets the specifications in Table
1.

Table 1. Thermoluminesence Detector Specificationsa

Radiationb

Photon: energies > 5 keV
Neutron: thermal to 100 MeV
Electron/beta: energies > 70 keV

Measurement
Ranges

10 µGy to 1 Gy (1 mrad to 100 rad) linear
1 Gy to 20 Gy (100 rad to 2000 rad) supralinear

Repeatability
For 1 mGy (100 mrad) 137Cs doses, < 2% standard deviation of 10
sequential measurements

Heating Plate 50  to approximately 500 , approximately 6 /s

a  Harshaw TLD 3500 (Thermo Fisher Scientific, Waltham, MA) and Nanogray TL2000
(Nanogray, Osaka, Japan) are suitable.
b  Gamma rays from 60Co or 10-MeV electron beams are suitable radiation sources.

PROCEDURE FOR SAMPLE PREPARATION

Sodium polytungstate solution: Prepare a solution of sodium polytungstate in water with a
final density of 2 g/mL.

Mineral extraction: Suspend 3–20 g of sample with 50–100 mL of pure water, and sonicate for
about 5 min. Sieve through a 250-µm nylon mesh, rinsing the mesh with water each time by
using a strong jet from a wash bottle into a larger beaker (500–1000 mL). Allow the minerals to
settle for 5 min and decant most of the water, leaving the minerals in < 50 mL of water.
Transfer the mineral fraction to a centrifuge tube, and centrifuge for 1 min at 1000 × g.
Discard the water layer.

Preconcentration density separation: Add 5 mL of the Sodium polytungstate solution to the
minerals in the centrifuge tube. Shake or mix on a vortex mixer, then sonicate for 5–15 min.
Centrifuge for 2 min at 1000 × g. Silicate minerals (density 2.5–2.7 g/mL) precipitate, whereas
organic components float. Carefully overlay a layer of water on the Sodium polytungstate
solution, and discard the water layer and the organic materials by decantation or vacuum
suction, leaving the minerals behind in the polytungstate layer. Carefully remove the Sodium
polytungstate solution layer, and wash the minerals twice with water (centrifuge at 1000 × g
briefly). Add 1–2 mL of 1 M hydrochloric acid, shake, and leave for 10 min in the dark to
dissolve carbonates adhering to the silicate materials. Neutralize the acid with 1 M ammonium
hydroxide. Fill the tube with water. Allow the minerals to settle, and centrifuge. Discard the
water, and wash the minerals twice with water.

Fixing the minerals on disc for TL measurement: Add 3 mL of acetone to the pre-
concentrated minerals, and shake to displace residual water. Use a stainless steel disc suitable
for the TL reader in use. [Note—Discs typically are 9–10 mm in diameter and 0.25–0.50 mm in
thickness]. Carefully clean the disc by rinsing in water, wash two to three times with acetone,
and dry in an oven. Store under dust-free conditions. Record the weight of the clean disc

immediately before use. Transfer the minerals (in acetone), and dry the disc at 50  overnight
(lab oven). Weigh the disc, and calculate the mass of minerals. Repeat the extraction, if
necessary, to meet the system suitability requirements. [Note—The mineral sample amount is
typically between 0.1 mg and 5 mg]. The deposited minerals can be fixed on the disc by using
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silicone spray (or by layering with 0.2% carboxymethylcellulose) and drying at 50  overnight.

Blank discs: Use clean discs.

TL MEASUREMENT

TL measurements are performed using a TL reader. Register the TL emission as a function of
temperature (glow curves).

Minimum detectable integrated TL intensity level (MDL): Integrate the TL intensity of the
first glow of the blank discs, and calculate the standard deviation. The MDL is three times the
standard deviation of the integrated TL intensity of the blank discs.

System suitability: The integrated TL intensity of the irradiated sample (TL2) should be at
least 10 times the MDL.

Measurement of TL1

First-glow TL1 measurement—Set the instrument to an initial temperature of 70 , a heating

rate of 6 /s, and a final temperature of 350 . Flush the chamber with nitrogen. Place the
sample disc on the heating plate of the TL reader, and measure the glow curve. Determine TL1

as the integrated TL signal between 150  and 250 . Measure the background glow for the

sample (BG1) after cooling the sample to 50 . After measuring TL1 and BG1, measure the weight
of the sample (BW1).

Irradiation—Irradiate the disc with the minerals, with a defined radiation dose of about 1 kGy.

[Note—A source of 60Co gamma rays is suitable.] Store at 50  overnight.

Measurement of TL2

Second-glow TL2 measurement—Measure the TL for the irradiated sample (TL2) as described
for TL1. Measure the background glow for the irradiated sample (BG2) after cooling the sample

to 50 , and record the weight of the sample plate with the sample (BW2). Measure the blank
levels for process control (without the sample), following the procedures at each stage.
Calculate the MDL as the integrated TL intensity of the blank plus three standard deviations.

TL glow ratio: The TL glow ratio per sample weight is calculated as described below:

TL glow ratio = [(TL1  BG1)/BW1]/[(TL2  BG2)/BW2]

TL1 = irradiated sample for the first-glow measurement 
BG1 = background glow for the irradiated first-glow sample 
BW1 = weight of the irradiated first-glow sample 
TL2 = irradiated sample for the second-glow measurement 
BG2 = background flow for the irradiated second-glow sample 
BW2 = weight of the irradiated second-glow sample

Evaluation: TL glow ratios from irradiated samples are typically greater than 0.1. The ratios
from nonirradiated samples are below 0.1.
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Acceptance criteria: The temperature that gives the maximum glow from TL1 measurement
must be equal to or higher than the one from a nonirradiated sample. The TL glow ratio must be
NMT 0.1 for nonirradiated materials.

BRIEFING

4-Hydroxy-2-butanone. It is proposed to add this new reagent used in the test for Limit
of 4-Hydroxy-2-butanone, Butane-2,3-diol, Ethylene Glycol, Butane-1,2-diol, Butane-1,4-diol,
Diethylene Glycol, and Other Organic Impurities in the new monograph for Butylene Glycol,
published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C125896

Comment deadline: November 30, 2013

Add the following:
4-Hydroxy-2-butanone (2-Hydroxyethyl Methyl Ketone), C4H8O2—88.11 [590-90-9]—Use

a suitable grade with a content of NLT 94%. 

BRIEFING

24,25-Dihydrolanosterol. It is proposed to add this new reagent used in the test for
Chromatographic Profile of Fatty Alcohols, Hydrocarbons, and Sterols in the new monograph for
Hydrogenated Lanolin, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C126038

Comment deadline: November 30, 2013

Add the following:

24,25-Dihydrolanosterol (Lanostenol, Lanost-8-en-3 -ol, 5 -Lanost-8-en-3 -ol, DHL), 
C30H52O—428.73 [911660-54-3]—Use a suitable grade with a content of NLT 99%. Store at 

20 . [Note—A suitable grade is available from www.avantilipids.com.] 

BRIEFING

Butane-1,2-diol. It is proposed to add this new reagent used in the test for Limit of 4-
Hydroxy-2-Butanone, Butane-2,3-Diol, Ethylene Glycol, Butane-1,2-Diol, Butane-1,4-Diol,
Diethylene Glycol, and Other Organic Impurities in the monograph for Butylene Glycol, published
elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C125896

Comment deadline: November 30, 2013

Add the following:
Butane-1,2-diol (1,2-Butanediol), C4H10O2—90.12 [584-03-2]—Use a suitable grade with

a content of NLT 97%. 

BRIEFING

Butane-1,4-diol. It is proposed to add this new reagent used in the test for Limit of 4-
Hydroxy-2-Butanone, Butane-2,3-Diol, Ethylene Glycol, Butane-1,2-Diol, Butane-1,4-Diol,
Diethylene Glycol, and Other Organic Impurities in the new monograph for Butylene Glycol,
published elsewhere in this issue of PF.

2S (USP37)
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(HDQ: M. Marques.)    Correspondence Number—C125896

Comment deadline: November 30, 2013

Add the following:
Butane-1,4-diol (1,4-Butanediol, 1,4-Butylene Glycol), C4H10O2—90.12 [110-63-4]—Use a

suitable grade with a content of NLT 98%. 

BRIEFING

Butane-2,3-diol. It is proposed to add this new reagent used in the test for Limit of 4-
Hydroxy-2-Butanone, Butane-2,3-Diol, Ethylene Glycol, Butane-1,2-Diol, Butane-1,4-Diol,
Diethylene Glycol, and Other Organic Impurities in the new monograph for Butylene Glycol,
published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C125896

Comment deadline: November 30, 2013

Add the following:
Butane-2,3-diol (2,3-Butanediol, 2,3-Butylene Glycol), C4H10O2—90.12 [513-85-9]—Use a

suitable grade with a content of NLT 97%. 

BRIEFING

Cholestanol. It is proposed to add this new reagent used in the test for Chromatographic
Profile of Fatty Alcohols, Hydrocarbons, and Sterols in the new monograph for Hydrogenated
Lanolin, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C126038

Comment deadline: November 30, 2013

Add the following:

Cholestanol ( -Cholestanol, Dihydrocholesterol, Zymostanol, Cholestan-3 -ol, 3 -Hydroxy-
5 -Cholestance, Dihydrocholesterin),  C27H48O—388.67 [80-97-7]—Use a suitable grade

with a content of NLT 95%. Store at 20 . [Note—A suitable grade is available from
www.sigmaaldrich.com or www.avantilipids.com.] 

BRIEFING

Methyl p-Toluenesulfonate. It is proposed to add this new reagent used in the test for
Limit of Methyl Benzesulfonate in the monograph for Cisatracurium Besylate, published
elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C132611

Comment deadline: November 30, 2013

Add the following:
Methyl p-Toluenesulfonate (Methyl Toluene-4-sulfonate), C8H10SO3—186.23 [80-48-8]—

Use a suitable grade with a content of NLT 98%. 

BRIEFING

Cupric Tartrate, Alkaline, Solution (Fehling's Solution). This new volumetric solution is
used in the Assay in the monograph for Invert Sugar, which appears elsewhere in this issue of

2S (USP37)
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PF.

(HDQ: M. Marques.)
Correspondence Number—C130231

Add the following:
Cupric Tartrate, Alkaline, Solution (Fehling's Solution)

Copper solution (Solution A)—Transfer 34.639 g of cupric sulfate to a 500-mL volumetric
flask, and dissolve in and dilute with water to volume. Filter, if necessary.

Alkaline cupric tartrate solution (Solution B)—Transfer 173 g of potassium sodium tartrate
and 50 g of sodium hydroxide to a 500-mL volumetric flask, and dissolve in and dilute with
water to volume. Filter, if necessary. 
Just before use, mix equal volumes of Solution A and Solution B. Standardize this solution as
follows.

Standard stock solution—Transfer 9.5 g of sucrose to a 1-L volumetric flask, dissolve in 100

mL of water, add 5 mL of hydrochloric acid, and store 3 days at 20 –25 . Dilute with water to
volume. This solution is stable for several months.

Invert sugar solution—Immediately before use in standardizing the Alkaline cupric tartrate
solution, transfer 25 mL of Standard stock solution to a 100-mL volumetric flask, and dilute with
water to volume.

PROCEDURE—

Apparatus—Mount a ring support on a ring stand 1–2 inches above a gas burner, and mount a
second ring 6–7 inches above the first. Place 6-inch open-wire gauze on the lower ring to
support a 400-mL conical flask, and place a 4-inch watch glass with a center hole on the upper
ring to deflect heat. Attach a 50-mL buret to the ring stand so that the tip just passes through
the watch glass centered above the flask. Place an indirectly lighted white surface behind the
assembly for observing the endpoint.

Standardization—Transfer 20.0 mL of the Alkaline cupric tartrate solution to a 400-mL flask
containing a few boiling chips, and add 15 mL of water and 39.0 mL of Invert sugar solution.
Mix by swirling at ambient temperature, and immediately place the flask on the wire gauze of
the Apparatus. Adjust the burner so that the boiling point of the solution is reached in about 2
min. Boil gently but steadily for 2 min. As boiling continues, add 3–4 drops of methylene blue
solution (1 in 100). Complete the titration within 1 min by adding the Invert sugar solution
dropwise until the blue color disappears. Allow a 5-s reaction time between drops at the end of
titration. Adjust the Alkaline cupric tartrate solution for the correct amount of copper
(equivalent to 100 mg of invert sugar), and restandardize if the total volume of Invert sugar
solution is more or less than 40.0 mL.

BRIEFING

L82. It is proposed to add this new column designation for the column used to validate the
Assay and test for Organic Impurities in the monograph for Zanamivir.

(HDQ: M. Marques.)    Correspondence Number—C134089

2S (USP37)
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Comment deadline: November 30, 2013

Add the following:
L82—Polyamine chemically bonded to cross-linked polyvinyl alcohol polymer, 5 µm in diameter.

[Note—Available as Asahipak NH2P-50 from www.shodex.com.] 

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, page 6249 of the Second Supplement to
USP 36.

(HDQ..)
Correspondence Number—C98116; C105265; C133388

The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:
Krill Oil Capsules T, LR

Add the following:
Krill Oil Delayed-Release Capsules T, LR

Add the following:
Paroxetine Extended-Release Tablets W

BRIEFING

Description and Relative Solubility of USP and NF Articles, page 6259 of the Second
Supplement to USP 36.

(HDQ.)
Correspondence Number—C111376; C114780; C123290; C125896; C126038; C130231;

C132759; C132971; C133154

Add the following:
Butylene Glycol: Clear, colorless, hygroscopic, viscous liquid. It is miscible with water, with

acetone, and with ether in all proportions; immiscible with fixed oils. It dissolves most essential
oils and synthetic flavoring substances. NF category: Solvent; wetting and/or solubilizing
agent. 

2S (USP37)
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Change to read:
Cabergoline: White or almost white, crystalline powder
crystalline or amorphous powder.

Freely soluble in alcohol (96%); slightly soluble in 0.1 M hydrochloric acid; very slightly soluble
in hexane; practically insoluble in water.

Add the following:
Cisatracurium Besylate: White to pale yellow powder. Soluble in water; slightly soluble in

acetonitrile, in chloroform, in methanol, and in methylene chloride. 

Add the following:
Desonide: White powder or crystal. Soluble in chloroform; sparingly soluble in ethanol and in

acetone; practically insoluble in water. 

Add the following:
Hydrogenated Lanolin: White or pale yellow, unctuous substance. Soluble in boiling

dehydrated alcohol and in light petroleum; insoluble in water. NF category: Emulsifying agent;
emollient; humectant; ointment base. 

Add the following:
Invert Sugar: Colorless to pale yellow liquid. Miscible with water, with glycerin, and with

glycols. NF category: Sweetening agent; diluent; wet binder. 

Delete the following:
Isoflurophate: Clear, colorless or faintly yellow liquid. Its vapor is extremely irritating to the

eye and mucous membranes. Is decomposed by moisture, with the formation of hydrogen
fluoride. Specific gravity is about 1.05. Soluble in alcohol and in vegetable oils; sparingly soluble
in water. 

Add the following:
Sodium Picosulfate: White or almost white crystalline powder. Freely soluble in water;

slightly soluble in alcohol. 

Add the following:

Sunflower Oil: Clear, light yellow liquid. It is miscible with petroleum at a boiling point of 40 –

60 . Practically insoluble in water and in alcohol. Refractive Index 831 : 1.472–1.474 at 25 .

Specific Gravity 841 : 0.914–0.924 at 20 . NF category: Coating agent; emollient; solvent;
tablet and/or capsule diluent; vehicle (oleaginous). 

BRIEFING

Cystine, USP 36 page 1416. Based on the comments received, it is proposed to revise
Identification test B.

(DS: H. Dinh.)
Correspondence Number—C133889

Comment deadline: November 30, 2013
Cystine

2S (USP37)
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C6H12N2O4S2       240.30 

l-Cystine;     
3,3¢-Disulfanediylbis [(2R)-2-aminopropanoic acid]     [56-89-3].

DEFINITION

Cystine contains NLT 98.5% and NMT 101.5% of cystine (C6H12N2O4S2), as l-Cystine,
calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Optical Rotation, Specific Rotation 781S
Sample solution:  20 mg/mL, in 1 N hydrochloric acid.
Perform the measurements immediately after preparation.

Acceptance criteria:  215 to 225, determined at 20
•  C. The RF value of the principal spot of the Sample solution in the test for Organic Impurities

corresponds to that of the Standard solution.

ASSAY
•  Procedure

Sample solution:  Transfer about 0.1 g of Cystine to a glass-stoppered flask, and dissolve
in a mixture of 2 mL of dilute sodium hydroxide (1 in 20) and 10 mL of water. Add 10 mL of
potassium bromide solution (200 g/L in water), 50.0 mL of 0.1 N potassium bromate VS,
and 15 mL of dilute hydrochloric acid (17 in 100). Immediately insert the stopper into the
flask, and cool in an ice water bath. Allow to stand protected from light for 10 min.

Titrimetric system  

(See Titrimetry 541 .)
Mode:  Residual titration
Titrant:  0.1 N potassium bromate VS
Back-titrant:  0.1 N sodium thiosulfate VS
Endpoint detection:  Visual
Equivalency:  Each mL of 0.1 N potassium bromate VS is equivalent to 2.403 mg of

cystine (C6H12N2O4S2) on the dried basis.

2S (USP37)
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Analysis:  Add 1.5 g of potassium iodide, and after 1 min, titrate with 0.1 N sodium
thiosulfate VS, using starch TS as the indicator. Perform a blank determination, and make
any necessary correction.

Acceptance criteria:  98.5%–101.5% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Chloride and Sulfate, Chloride 221 : NMT 200 ppm. A 0.7-g portion shows no more
chloride than corresponds to 0.40 mL of 0.01 N hydrochloric acid.

•  Heavy Metals, Method I 231 : NMT 10 ppm

•  Chloride and Sulfate, Sulfate 221 : NMT 200 ppm. A 1.2-g portion shows no more sulfate
than corresponds to 0.25 mL of 0.020 N sulfuric acid.

•  Iron 241 : NMT 10 ppm
•  Organic Impurities

System suitability solution:  Dissolve quantities of USP Cystine RS and USP Arginine
Hydrochloride RS in 1 N hydrochloric acid, and dilute with water to obtain a solution having
a known concentration of about 0.4 mg/mL each.

Standard solution:  Dissolve a quantity of USP Cystine RS in 1 N hydrochloric acid, and
dilute with water to obtain a solution having a known concentration of about 0.02 mg/mL.

Sample solution:  Dissolve a quantity of Cystine in 1 N hydrochloric acid, and dilute with
water to obtain a solution having a known concentration of about 10 mg/mL.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  A 0.25-mm layer of chromatographic silica gel mixture
Application volume:  5 µL
Developing solvent system:  A mixture of ammonia and 2-propanol (3:7)
Spray reagent:  Dissolve 0.2 g of ninhydrin in 100 mL of a mixture of butanol and 2 N

acetic acid (95:5).
Analysis 

Samples:  System suitability solution, Standard solution, and Sample solution 

Proceed as directed in Chromatography 621 , Thin-Layer Chromatography. After air-

drying the plate, spray with Spray reagent, and heat between 100  and 105  for about
15 min. Examine the plate. The chromatogram from the System suitability solution
exhibits two clearly separated spots.

Acceptance criteria:  Any secondary spot from the Sample solution is not larger or more
intense than the principal spot from the Standard solution.
Individual impurities:  NMT 0.2%
Total impurities:  NMT 2.0%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 3 h.
Acceptance criteria:  NMT 0.2%
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at a controlled room

temperature.

•  USP Reference Standards 11
USP Arginine Hydrochloride RS 
USP Cystine RS 

BRIEFING

Ganoderma Lucidum Fruiting Body. A new dietary supplement monograph is proposed. The
liquid chromatographic procedure in the test for Content of Triterpenoic Acids is performed
on the Waters Acquity UPLC HSS T3 brand of L1 column with 1.8-µm packing; typical
retention times for ganoderic acids C2, B, and A are 13.7, 21.5, and 32.8 min, respectively.
The liquid chromatographic procedure in the test for Content of Polysaccharides is performed
on the Agilent Zorbax XDB brand of L1 column with 5-µm packing; typical retention times for
mannose, lyxose, dextrose, galactose, and fucose are 21.0, 25.2, 43.5, 47.6, and 58.7 min,
respectively.

(DS: A. Bzhelyansky.)
Correspondence Number—C132877

Comment deadline: November 30, 2013

Add the following:
Ganoderma Lucidum Fruiting Body

DEFINITION

Ganoderma Lucidum Fruiting Body consists of the dried fruiting body of Ganoderma lucidum (W.
Curt.:Fr.) P. Karst. (Fam. Ganodermataceae). It contains NLT 0.3% of triterpenoic acids,
calculated on the dried basis as a sum of ganoderic acids A, B, C2, D, F, G, and H and
ganoderenic acids B, C, and D.

IDENTIFICATION
•  A. Thin-Layer Chromatography

Standard solution A:  1.0 mg/mL of USP Ganoderic Acid A RS in alcohol
Standard solution B:  0.3 mg/mL of USP Ergosterol RS in alcohol
Standard solution C:  50 mg/mL of USP Ganoderma Lucidum Fruiting Body Powdered

Extract RS in alcohol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution:  Sonicate about 1 g of Ganoderma Lucidum Fruiting Body, finely

powdered, in 50 mL of alcohol for 15 min, centrifuge, withdraw the supernatant, and

evaporate to dryness under reduced pressure at 50 . Dissolve the residue in 2.0 mL of
alcohol, centrifuge, and use the supernatant.

Chromatographic system  

(See Chromatography 621 , Thin–Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).1 Pre-develop the plate in methanol, and dry at 105  for 30 min.
Application volume:  2 µL each of Standard solution A and Standard solution B, and 4 µL
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each of Standard solution C and the Sample solution as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of toluene, ethyl formate, and formic acid

(5:5:0.2)
Spray reagent:  A solution of 10% sulfuric acid in alcohol. [Note—Prepare fresh. Slowly

and gradually add sulfuric acid to ice-cold alcohol, and mix well.]
System suitability 

Samples:  Standard solution A, Standard solution B, and Standard solution C
Suitability requirements 

Chromatographic pattern:  Under long-wave UV (365 nm) and under white light, the
chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 1.

Retardation factor (RF) reproducibility:  The retardation factors obtained with
Standard solution A and Standard solution B are within ±10% of the values specified in
Table 1.

Table 1

Component

Retardation
Factor 

(RF)

Long-wave UV Light 
(365 nm) White Light

Standard
solution A

Standard
solution B

Standard
solution C

Standard
solution A

Standard
solution B

Standard
solution C

Unknown 0.80 — — Bluish-green — — —

Ergosterol 0.67 — Blue Blue — Blue Blue

Unknown 0.50 — — Orange — — Bluish-violet

Ganoderic acid
F 0.37 — — — — — —

Ganoderic acid
D

0.31 — — Bluish-green — — Bluish-green
Ganoderenic
acid D

Ganoderic acid
G

0.22 — — Yellow — — Reddish-violet

Ganoderic acid
B

Ganoderenic
acid B

Ganoderic acid
H

Ganoderic acid
A

0.16 Green to
yellowish-green — Green to

yellowish-green Bluish-violet — Bluish-violet
Ganoderenic
acid A

Ganoderic acid
C2

0.13 — — Orange — — Reddish-violet
Ganoderenic
acid C

Unknown — — — Orange — — —

[Note—The Standard solutions are stable for 72 h at room temperature.]
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution. Apply the
samples as bands, and dry in air. Develop in a saturated chamber until the solvent front
has moved about four-fifths of the length of the plate, remove the plate from the

chamber, air-dry, treat with Spray reagent, heat for about 5 min at 105 –110 , and
immediately examine under white light and under the long-wave UV light (365 nm).

Acceptance criteria:  Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C, at the RF values listed for
System suitability. Under white light, the chromatogram of the Sample solution exhibits an
additional violet band above the ergosterol band.

[Note—The Sample solution is stable for 72 h at room temperature.]
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•  B. HPLC
Analysis:  Proceed as directed in the test for Content of Triterpenoic Acids.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to those of ganoderenic acid C, ganoderic acid C2,
ganoderic acid G, ganoderenic acid B, ganoderic acid B, ganoderenic acid A, ganoderic
acid A, ganoderic acid H, ganoderenic acid D, ganoderic acid D, and ganoderic acid F in
the chromatogram of Standard solution B.

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Water-Soluble Polysaccharides.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and l-fucose in the chromatogram of the Standard solution.

COMPOSITION
•  Content of Triterpenoic Acids

Solution A:  0.075% phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 80.0 20.0
3 73.5 26.5
34 73.5 26.5
52 61.5 38.5
53 80.0 20.0
58 80.0 20.0

[Note—Maintain the Mobile phase at 73.5% of Solution A for the period sufficient for
complete elution of the ganoderic acid A.]

Standard solution A:  0.1 mg/mL of USP Ganoderic Acid RS in methanol. Sonicate to
dissolve if necessary.

Standard solution B:  Sonicate 40 mg of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in 5 mL of alcohol, and centrifuge. Pass through a nylon filter of 0.2-µm pore
size, and discard the initial 1 mL of the filtrate.

Sample solution:  Transfer 2.0 g of Ganoderma Lucidum Fruiting Body, finely powdered and
accurately weighed, to a 200-mL round-bottom flask, add 75 mL of alcohol, attach a
condenser, reflux for 45 min, cool, and filter. Rinse the flask with two 10-mL portions of
alcohol, and filter, combining the washes and the filtrate. Evaporate to dryness under
reduced pressure, and dissolve the residue in about 20 mL of alcohol. Transfer the solution
to a 25-mL volumetric flask, dilute with alcohol to volume, and mix well. Pass through a
nylon filter of 0.2-µm pore size, and discard the initial 1 mL of the filtrate.

[Note—To facilitate the chromatographic column longevity, the following solid phase
extraction procedure may be employed. Condition the SPE column containing about 200
mg of L1 packing with 5 mL of methanol followed by 3 mL of water; do not allow the
column to dry. Transfer 2.0 mL of Ganoderma Lucidum Fruiting Body solution in alcohol into
a 20-mL volumetric flask, dilute with water to volume, and mix well. Apply the entire
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volume onto the column, and elute at the rate of approximately 1 drop/s, employing
vacuum. Rinse the column with 3 mL of water, and discard the rinsate. Elute with 2.0 mL
of methanol, collect the eluate into the 2.0-mL volumetric flask, adjust with methanol to
volume, and mix well.]

[Note—This method may result in co-elution of ganoderenic acid A and ganoderic acid K.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV 257 nm
Column:  2.1-mm × 15-cm; 1.8-µm packing L1

Column temperature:  25
Flow rate:  0.4 mL/min
Injection volume:  5 µL

System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic similarity:  The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting
Body Powdered Extract RS being used.

Resolution:  NLT 1.0 between the ganoderic acid A and ganoderic acid H peaks,
Standard solution B

Tailing factor:  NMT 2.0 for the ganoderic acid A peak, Standard solution A
Relative standard deviation:  NMT 2.0% determined from the ganoderic acid A peak in

replicate injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 24

h at room temperature.]

Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS being used, identify all specified ganoderic and ganoderenic acids in the
Sample solution chromatogram. The approximate relative retention times, with respect to
ganoderic acid A, are provided in Table 3.

Table 3

Analyte Relative Retention Time Relative Response Factor

Ganoderenic acid C 0.36 0.51
Ganoderic acid C2 0.42 1.05
Ganoderic acid G 0.56 1.18
Ganoderenic acid B 0.60 0.45
Ganoderic acid B 0.66 1.10
Ganoderic acid A 1.00 1.00
Ganoderic acid H 1.05 1.54
Ganoderenic acid D 1.25 0.51
Ganoderic acid D 1.33 1.08
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Ganoderic acid F 1.54 1.45

Separately calculate the percentages of each triterpenoic acid in the portion of
Ganoderma Lucidum Fruiting Body taken:

Result = (rU/rS) × CS × (V/W) × F × 100

rU= peak area of the relevant analyte in the Sample solution
rS= peak area of ganoderic acid in Standard solution A
CS= concentration of USP Ganoderic Acid A RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Ganoderma Lucidum Fruiting Body taken to prepare the Sample solution (mg)
F= relative response factor, with respect to ganoderic acid A (see Table 3)

Calculate the sum of the percentages of all specified triterpenoic acids.

Acceptance criteria 
Sum of triterpenoic acids:  NLT 0.3% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, and the bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Content of Water-Soluble Polysaccharides

Solution A:  0.05 M phosphate buffer, pH 6.0
Solution B:  Acetonitrile
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 84.0 16.0
30 82.5 17.5
55 81.0 19.0
60 81.0 19.0
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61 84.0 16.0
Reagent:  0.1 M solution of 1-phenyl-3-methyl-5-pyrazolone in methanol
Internal standard solution:  0.5 mg/mL of d-lyxose in water
Standard stock solution:  Composite solution containing 0.20 mg/mL each of USP Mannose

RS, USP d-Glucuronic Acid RS, and USP Galactose RS, 2.0 mg/mL of USP Dextrose RS, and
0.10 mg/mL of USP l-Fucose RS in water

Standard solution:  Combine 0.125 mL of Standard stock solution with 0.125 mL of Internal
standard solution, 0.300 mL of 0.15 M sodium hydroxide solution, and 0.50 mL of Reagent

in a capped reaction vial. Seal the vial, heat at 70  for 30 min, and cool to room
temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of water,
mix well, and pass through a nylon filter of 0.45-µm or finer pore size.

[Note—The amounts of individual analytes (AS) in the 0.125 mL aliquot of the Standard
solution submitted to derivatization are approximately 0.25 mg for dextrose and 0.025 mg
for mannose, galactose, and d-glucuronic acid.]

Sample solution:  Transfer 2.0 g of Ganoderma Lucidum Fruiting Body, finely powdered and
accurately weighed, into a 200-mL round-bottom flask, add 60 mL of water, and allow to
stand for 1 h. Attach a condenser, heat under reflux for 4 h, and filter immediately.
Transfer the residue and the filter to the same 200-mL round-bottom flask, add 60 mL of
water, heat under reflux for 3 h, and filter immediately. Rinse the flask with three 5-mL
portions of water, and filter. Combine the filtrates and the rinsates in a 250-mL beaker,
and evaporate on the water bath to dryness. Dissolve the residue in 5 mL of water, add

75 mL of alcohol, mix well, allow to stand at 4  for 12 h, and centrifuge at 4000 rpm for 30
min. Discard the supernatant, and dry the precipitate on a water bath. Dissolve the
residue in hot water, quantitatively transfer into a 10-mL volumetric flask, cool to room
temperature, dilute with water to volume, and mix well. Centrifuge at 4000 rpm for 10 min.
Accurately transfer 0.250 mL of the supernatant into a reaction vial, and add about 0.25

mL of 4 M trifluoroacetic acid. Seal the vial, heat at 110  for 4 h, cool to room

temperature, add 0.5 mL of methanol, and evaporate to dryness at 60  under vacuum.
Repeat addition of 0.5 mL of methanol and subsequent evaporation three times. Add to
the residue 0.125 mL of water, 0.125 mL of the Internal standard solution, 0.300 mL of

0.15 M sodium hydroxide solution, and 0.50 mL of Reagent. Seal the vial, heat at 70  for
30 min, and cool to room temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric
acid and 0.65 mL of water, mix well, and pass through a nylon filter of 0.45-µm or finer
pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 
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Resolution:  NLT 1.5 between the d-lyxose and the closest subsequent peak, Standard
solution; NLT 1.5 between the glucuronic acid and the closest preceding peak,
Standard solution

Tailing factor:  NMT 2.0 for the dextrose peak, Standard solution
Relative standard deviation:  NMT 2.0% determined for the dextrose peak in replicate

injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—Standard solution and Sample solution are stable for 24 h at room temperature.]

Using the chromatograms of the Standard solution and the reference chromatogram
provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered Extract RS being
used, identify the individual derivatized monosaccharides at about the following relative
retention times, with respect to dextrose: 0.48 for mannose, 0.58 for lyxose, 0.82 for d-
glucuronic acid, and 1.09 for galactose. 
Separately calculate the percentages of derivatized monosaccharides in the portion of
Ganoderma Lucidum Fruiting Body taken:

Result = (RU/RS) × AS × (F/W) × 100

RU= peak response ratio of the relevant analyte to the internal standard in the Sample
solution

RS= peak response ratio of the relevant analyte to the internal standard in the Standard
solution

AS= amount of the relevant analyte in the aliquot of Standard solution subjected to
derivatization (mg)

F= dilution factor to account for the sample aliquot submitted to derivatization (0.250 mL)
relative to the volume of the Sample solution (10.0 mL), 40

W= weight of Ganoderma Lucidum Fruiting Body taken to prepare the Sample solution (mg)

Calculate the sum of the percentages of mannose, d-glucuronic acid, dextrose, and
galactose.

Acceptance criteria 
Sum of monosaccharides:  NLT 0.7% on the dried basis

•  Botanical Characteristics
Macroscopic:  Basidiocarp (fruiting body) morphology is highly variable. Shape of pileus

(cap) ranges from reniform to subcircular, convex or concave, 15 cm or more broad, single
to multiple layers thick (up to 3 cm); margin generally thick and blunt, sometimes acute.
Pileus surface radially rugose (wrinkled) and concentrically culcate; shiny, yellowish-red to
reddish-black. Stipe (stem) attachment predominantly lateral; stipe length varies from
very short up to 10–12 cm long, 1–3 cm thick, cylindrical, reddish to almost black, laccate
(lacquered). Hymenophore (pore surface) yellowish-white to tawny. Pores small, circular
to irregular, 4–7 per mm, 6–200 µm diam, distance between axes of pores about 260 µm.

Microscopic:  Hyphal system trimitic with hyaline, thin-walled, clamped, septate generative
hyphae, 1–4 µm in diameter, septa restricted to clamps, scantily branched, abundant at
the growth margin of pileus and dissepiments (partitions). Skeletal hyphae are arboriform,
aseptate, clampless, very long, 3–6 µm in diameter, scantily branched, branches with
limited growth at distal end, with thick walls; they compose most of the context (flesh)
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and dissepiments, originating immediately behind the growth margin from generative
hyphae. Binding hyphae of the “Bovista” type are aseptate, clampless, profusely
branched, generally thinner and lighter than the skeletal, 1–3 µm in diameter.
Basidiospores ovoid, double-walled, truncate at apex. Epispore thin, ovoid, hyaline, 9.0–
11.5 × 6.0–8.0 µm; endospore thick, ovoid, 6.5–8.5 × 5.0–6.5 µm, bearing relatively few
long and thick echinules that support the epispore, sometimes fused into a short crest.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Loss on Drying 731
Sample:  1.0 g of powdered Ganoderma Lucidum Fruiting Body

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 17.0%

•  Articles of Botanical Origin, Total Ash 561
Sample:  1.0 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria:  NMT 4.0%

•  Articles of Botanical Origin, Alcohol–Soluble Extractives, Method 1 561
Sample:  2–4 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria:  NLT 2.0%

•  Articles of Botanical Origin, Water–Soluble Extractives, Method 1 561
Sample:  2–4 g of powdered Ganoderma Lucidum Fruiting Body
Acceptance criteria:  NLT 3.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binominal and, following the official name, the part of

the fungus from which the article was derived.

•  USP Reference Standards 11
USP Dextrose RS 
USP Ergosterol RS 
USP l-Fucose RS
USP Galactose RS 
USP Ganoderic Acid A RS
USP Ganoderma Lucidum Fruiting Body Powdered Extract RS
USP d-Glucuronic Acid RS 
USP Mannose RS 

1  Suitable commercially available plates are HPTLC  Silica Gel 60 F254 from EMD Millipore (e.g., Part No.
1.05642.0001). 

BRIEFING

Ganoderma Lucidum Fruiting Body Powder. A new dietary supplement monograph is being
proposed. The liquid chromatographic procedure in the test for Content of Triterpenoic Acids
is performed on the Waters Acquity UPLC HSS T3 brand of L1 column with 1.8-µm packing.
Typical retention times for ganoderic acids C2, B, and A are 13.7, 21.5, and 32.8 min,
respectively. The liquid chromatographic procedure in the test for Content of

2S (USP37)
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Polysaccharides is performed on the Agilent Zorbax XDB brand of L1 column with 5-µm
packing. Typical retention times for mannose, lyxose, dextrose, galactose, and fucose are
21.0, 25.2, 43.5, 47.6, and 58.7 min, respectively.

(DS: A. Bzhelyansky.)
Correspondence Number—C133389

Comment deadline: November 30, 2013

Add the following:
Ganoderma Lucidum Fruiting Body Powder

DEFINITION

Ganoderma Lucidum Fruiting Body Powder is dried Ganoderma Lucidum Fruiting Body reduced to
a powder or a very fine powder. It contains NLT 0.3% of triterpenoic acids, calculated on the
dried basis as a sum of ganoderic acids A, B, C2, D, F, G, and H and ganoderenic acids B, C,
and D.

IDENTIFICATION
•  A. Thin-Layer Chromatography

Standard solution A:  1.0 mg/mL of USP Ganoderic Acid A RS in alcohol
Standard solution B:  0.3 mg/mL of USP Ergosterol RS in alcohol
Standard solution C:  50 mg/mL of USP Ganoderma Lucidum Fruiting Body Powdered

Extract RS in alcohol. Sonicate for about 10 min, centrifuge, and use the supernatant.
Sample solution:  Sonicate about 1 g of Ganoderma Lucidum Fruiting Body Powder in 50 mL

of alcohol for 15 min, centrifuge, withdraw the supernatant, and evaporate to dryness

under reduced pressure at 50 . Dissolve the residue in 2.0 mL of alcohol, centrifuge, and
use the supernatant.

Chromatographic system  

(See Chromatography 621 , Thin–Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).1 Pre-develop the plate in methanol, and dry at 105  for 30 min.
Application volume:  2 µL each of Standard solution A and Standard solution B, and 4 µL

each of Standard solution C and the Sample solution as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of toluene, ethyl formate, and formic acid (5: 5:

0.2)
Spray reagent:  A solution of 10% sulfuric acid in alcohol. [Note—Prepare fresh. Slowly

and gradually add sulfuric acid to ice-cold alcohol, and mix well.]
System suitability 

Samples:  Standard solution A, Standard solution B, and Standard solution C
Suitability requirements 

Chromatographic pattern:  Under long-wave UV (365 nm) and under white light, the
chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 1.
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Retardation factor (RF) reproducibility:  The retardation factors obtained with
Standard solution A and Standard solution B are within ±10% of the values specified in
Table 1.

Table 1

Component

Retardation
Factor 

(RF)

Long-wave UV Light 
(365 nm) White Light

Standard
solution A

Standard
solution B

Standard
solution C

Standard
solution A

Standard
solution B

Standard
solution C

Unknown 0.80 — — Bluish-green — — —

Ergosterol 0.67 — Blue Blue — Blue Blue

Unknown 0.50 — — Orange — — Bluish-violet

Ganoderic acid
F 0.37 — — — — — —

Ganoderic acid
D

0.31 — — Bluish-green — — Bluish-green
Ganoderenic
acid D

Ganoderic acid
G

0.22 — — Yellow — — Reddish-violet

Ganoderic acid
B

Ganoderenic
acid B

Ganoderic acid
H

Ganoderic acid
A

0.16 Green to
yellowish-green — Green to

yellowish-green Bluish-violet — Bluish-violet
Ganoderenic
acid A

Ganoderic acid
C2

0.13 — — Orange — — Reddish-violet
Ganoderenic
acid C

Unknown — — — Orange — — —

[Note—The Standard solutions are stable for 72 h at room temperature.]
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution. Apply the
samples as bands, and dry in air. Develop in a saturated chamber until the solvent front
has moved about four-fifths of the length of the plate. Remove the plate from the

chamber, air-dry, treat with Spray reagent, and heat for about 5 min at 105 –110 .
Immediately examine under white light and under the long-wave UV light (365 nm).

Acceptance criteria:  Under the long-wave UV light (365 nm) and under white light, the
chromatogram of the Sample solution exhibits the bands corresponding in color and RF to
similar bands in the chromatogram of Standard solution C, at the RF values listed for
System suitability. Under white light, the chromatogram of the Sample solution exhibits an
additional violet band above the ergosterol band.

[Note—The Sample solution is stable for 72 h at room temperature.]
•  B. HPLC

Analysis:  Proceed as directed in the test for Content of Triterpenoic Acids.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to those of ganoderenic acid C, ganoderic acid C2,
ganoderic acid G, ganoderenic acid B, ganoderic acid B, ganoderenic acid A, ganoderic
acid A, ganoderic acid H, ganoderenic acid D, ganoderic acid D, and ganoderic acid F in
the chromatogram of Standard solution B.

•  C. HPLC
Analysis:  Proceed as directed in the test for Content of Water-Soluble Polysaccharides.
Acceptance criteria:  The chromatogram of the Sample solution exhibits peaks at the

retention times corresponding to the peaks due to mannose, glucuronic acid, dextrose,
galactose, and l-fucose in the chromatogram of the Standard solution.
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COMPOSITION
•  Content of Triterpenoic Acids

Solution A:  0.075% phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 80.0 20.0
3 73.5 26.5
34 73.5 26.5
52 61.5 38.5
53 80.0 20.0
58 80.0 20.0

[Note—Maintain the Mobile phase at 73.5% of Solution A for the period sufficient for
complete elution of the ganoderic acid A.]

Standard solution A:  0.1 mg/mL of USP Ganoderic Acid RS in methanol. Sonicate to
dissolve if necessary.

Standard solution B:  Sonicate 40 mg of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS in 5 mL of alcohol, and centrifuge. Pass through a nylon filter of 0.2-µm pore
size, and discard the initial 1 mL of the filtrate.

Sample solution:  Transfer 2.0 g of Ganoderma Lucidum Fruiting Body Powder, accurately
weighed, to a 200-mL round-bottom flask, and add 75 mL of alcohol. Attach a condenser,
reflux for 45 min, cool, and filter. Rinse the flask with two 10-mL portions of alcohol, and
filter, combining the washes and the filtrate. Evaporate to dryness under reduced
pressure, and dissolve the residue in about 20 mL of alcohol. Transfer the solution to a
25-mL volumetric flask, dilute with alcohol to volume, and mix well. Pass through a nylon
filter of 0.2-µm pore size, and discard the initial 1 mL of the filtrate.

[Note—To facilitate the chromatographic column longevity, the following solid phase
extraction procedure may be employed. Condition the SPE column containing about 200
mg of L1 packing with 5 mL of methanol followed by 3 mL of water; do not allow the
column to dry. Transfer 2.0 mL of Ganoderma Lucidum Fruiting Body Powder solution in
alcohol into a 20-mL volumetric flask, dilute with water to volume, and mix well. Apply the
entire volume onto the column, and elute at the rate of approximately 1 drop/s, employing
vacuum. Rinse the column with 3 mL of water, and discard the rinsate. Elute with 2.0 mL
of methanol, collect the eluate into the 2.0-mL volumetric flask, adjust with methanol to
volume, and mix well.]

[Note—This method may result in co-elution of ganoderenic acid A and ganoderic acid K.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV 257 nm
Column:  2.1-mm × 15-cm; 1.8-µm packing L1

Column temperature:  25
Flow rate:  0.4 mL/min
Injection volume:  5 µL
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System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic similarity:  The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting
Body Powdered Extract RS being used.

Resolution:  NLT 1.0 between the ganoderic acid A and ganoderic acid H peaks,
Standard solution B

Tailing factor:  NMT 2.0 for the ganoderic acid A peak, Standard solution A
Relative standard deviation:  NMT 2.0% determined from the ganoderic acid A peak in

replicate injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution
[Note—Standard solution A, Standard solution B, and the Sample solution are stable for 24

h at room temperature.]

Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered
Extract RS being used, identify all specified ganoderic and ganoderenic acids in the
Sample solution chromatogram. The approximate relative retention times, with respect to
ganoderic acid A, are provided in Table 3.

Table 3

Analyte Relative Retention Time Relative Response Factor

Ganoderenic acid C 0.36 0.51
Ganoderic acid C2 0.42 1.05
Ganoderic acid G 0.56 1.18
Ganoderenic acid B 0.60 0.45
Ganoderic acid B 0.66 1.10
Ganoderic acid A 1.00 1.00
Ganoderic acid H 1.05 1.54
Ganoderenic acid D 1.25 0.51
Ganoderic acid D 1.33 1.08
Ganoderic acid F 1.54 1.45

Separately calculate the percentages of each triterpenoic acid in the portion of
Ganoderma Lucidum Fruiting Body Powder taken:

Result = (rU/rS) × CS × (V/W) × F × 100

rU= peak area of the relevant analyte in the Sample solution
rS= peak area of ganoderic acid in Standard solution A
CS= concentration of USP Ganoderic Acid A RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Ganoderma Lucidum Fruiting Body Powder taken to prepare the Sample

solution (mg)
F= relative response factor, with respect to ganoderic acid A (see Table 3)
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Calculate the sum of the percentages of all specified triterpenoic acids.

Acceptance criteria 
Sum of triterpenoic acids:  NLT 0.3% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 5.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, and the bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Content of Water-Soluble Polysaccharides

Solution A:  0.05 M phosphate buffer, pH 6.0
Solution B:  Acetonitrile
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 84.0 16.0
30 82.5 17.5
55 81.0 19.0
60 81.0 19.0
61 84.0 16.0

Reagent:  0.1 M solution of 1-phenyl-3-methyl-5-pyrazolone in methanol
Internal standard solution:  0.5 mg/mL of d-lyxose in water
Standard stock solution:  Composite solution containing 0.20 mg/mL each of USP Mannose

RS, USP d-Glucuronic Acid RS, and USP Galactose RS, 2.0 mg/mL of USP Dextrose RS, and
0.10 mg/mL of USP l-Fucose RS in water

Standard solution:  Combine 0.125 mL of Standard stock solution with 0.125 mL of Internal
standard solution, 0.300 mL of 0.15 M sodium hydroxide solution, and 0.50 mL of Reagent

in a capped reaction vial. Seal the vial, heat at 70  for 30 min, and cool to room
temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of water,
mix well, and pass through a nylon filter of 0.45-µm or finer pore size.

[Note—The amounts of individual analytes (AS) in the 0.125 mL aliquot of the Standard
solution submitted to derivatization are approximately 0.25 mg for dextrose and 0.025 mg
for mannose, galactose, and d-glucuronic acid.]
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Sample solution:  Transfer 2.0 g of Ganoderma Lucidum Fruiting Body Powder, accurately
weighed, into a 200-mL round-bottom flask, add 60 mL of water, and allow to stand for 1
h. Attach a condenser, heat under reflux for 4 h, and filter immediately. Transfer the
residue and the filter to the same 200-mL round-bottom flask, add 60 mL of water, heat
under reflux for 3 h, and filter immediately. Rinse the flask with three 5-mL portions of
water, and filter. Combine the filtrates and the rinsates in a 250-mL beaker, and
evaporate on the water bath to dryness. Dissolve the residue in 5 mL of water, add 75 mL

of alcohol, mix well, allow to stand at 4  for 12 h, and centrifuge at 4000 rpm for 30 min.
Discard the supernatant, and dry the precipitate on a water bath. Dissolve the residue in
hot water, quantitatively transfer into a 10-mL volumetric flask, cool to room temperature,
dilute with water to volume, and mix well. Centrifuge at 4000 rpm for 10 min. Accurately
transfer 0.250 mL of the supernatant into a reaction vial, and add about 0.25 mL of 4 M

trifluoroacetic acid. Seal the vial, and heat at 110  for 4 h. Cool to room temperature, add

0.5 mL of methanol, and evaporate to dryness at 60  under vacuum. Repeat addition of
0.5 mL of methanol and subsequent evaporation three times. Add to the residue 0.125 mL
of water, 0.125 mL of the Internal Standard solution, 0.300 mL of 0.15 M sodium

hydroxide solution, and 0.50 mL of Reagent. Seal the vial, heat at 70  for 30 min, and cool
to room temperature. Add to the vial 0.300 mL of 0.15 M hydrochloric acid and 0.65 mL of
water, mix well, and pass through a nylon filter of 0.45-µm or finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between the d-lyxose and the closest subsequent peak, Standard
solution; NLT 1.5 between the glucuronic acid and the closest preceding peak,
Standard solution

Tailing factor:  NMT 2.0 for the dextrose peak, Standard solution
Relative standard deviation:  NMT 2.0% determined for the dextrose peak in replicate

injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution
[Note—The Standard solution and Sample solution are stable for 24 h at room

temperature.]

Using the chromatograms of the Standard solution and the reference chromatogram
provided with the lot of USP Ganoderma Lucidum Fruiting Body Powdered Extract RS being
used, identify the individual derivatized monosaccharides at about the following relative
retention times, with respect to dextrose: 0.48 for mannose, 0.58 for lyxose, 0.82 for d-
glucuronic acid, and 1.09 for galactose. 
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Separately calculate the percentages of derivatized monosaccharides in the portion of
Ganoderma Lucidum Fruiting Body Powder taken:

Result = (RU/RS) × AS × (F/W) × 100

RU= peak response ratio of the relevant analyte to the internal standard in the Sample
solution

RS= peak response ratio of the relevant analyte to the internal standard in the Standard
solution

AS= amount of the relevant analyte in the aliquot of the Standard solution subjected to
derivatization (mg)

F= dilution factor to account for the sample aliquot submitted to derivatization (0.250 mL)
relative to the volume of the Sample solution (10.0 mL), 40

W= weight of Ganoderma Lucidum Fruiting Body Powder taken to prepare the Sample
solution (mg)

Calculate the sum of the percentages of mannose, d-glucuronic acid, dextrose, and
galactose.

Acceptance criteria 
Sum of monosaccharides:  NLT 0.7% on the dried basis

•  Botanical Characteristics 
When milled, the fruiting body typically grinds into a fibrous mass, or fractures into tiny
strips rather than a fine powder. Hyphal system trimitic with hyaline, thin-walled, clamped,
septate generative hyphae, 1–4 µm in diameter, septa restricted to clamps, scantily
branched, abundant at the growth margin of pileus and dissepiments (partitions). Skeletal
hyphae are arboriform, aseptate, clampless, very long, 3–6 µm in diameter, scantily
branched, branches with limited growth at distal end, with thick walls; they compose most
of the context (flesh) and dissepiments, originating immediately behind the growth margin
from generative hyphae. Binding hyphae of the “Bovista” type are aseptate, clampless,
profusely branched, generally thinner and lighter than the skeletal, 1–3 µm in diameter.
Basidiospores ovoid, double-walled, truncate at apex. Epispore thin, ovoid, hyaline, 9.0–
11.5 × 6.0–8.0 µm; endospore thick, ovoid, 6.5–8.5 × 5.0–6.5 µm, bearing relatively few
long and thick echinules that support the epispore, sometimes fused into a short crest.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Loss on Drying 731
Sample:  1.0 g of powdered Ganoderma Lucidum Fruiting Body Powder

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 17.0%

•  Articles of Botanical Origin, Total Ash 561
Sample:  1.0 g of powdered Ganoderma Lucidum Fruiting Body Powder
Acceptance criteria:  NMT 4.0%

•  Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1 561
Sample:  2–4 g of powdered Ganoderma Lucidum Fruiting Body Powder
Acceptance criteria:  NLT 2.0%

•  Articles of Botanical Origin, Water-Soluble Extractives, Method 1 561
Sample:  2–4 g of powdered Ganoderma Lucidum Fruiting Body Powder
Acceptance criteria:  NLT 3.0%
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binominal and, following the official name, the part of

the fungus from which the article was derived.

•  USP Reference Standards 11
USP Dextrose RS 
USP Ergosterol RS 
USP l-Fucose RS
USP Galactose RS 
USP Ganoderic Acid A RS
USP d-Glucuronic Acid RS 
USP Mannose RS 
USP Ganoderma Lucidum Fruiting Body Powdered Extract RS

1  Suitable commercially available plates are HPTLC  Silica Gel 60 F254 from EMD Millipore (e.g., Part No.
1.05642.0001). 

BRIEFING

Krill Oil Capsules. Because there is no existing USP monograph for this dietary supplement
dosage form, a new monograph is being proposed.

(DS: N. Davydova.)
Correspondence Number—C105265

Comment deadline: November 30, 2013

Add the following:
Krill Oil Capsules

DEFINITION

Krill Oil Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of Krill Oil where
Krill Oil is the fixed oil extracted from Antarctic krill (Euphausia superba Dana) biomass by using
a suitable extraction solvent.

IDENTIFICATION
•  A. Fatty Acid Profile

Antioxidant solution, System suitability solution 1, and Chromatographic system:

 Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination
and Profile.

Standard solution:  Proceed as directed for Test Solution 1 in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, except use 250 mg of USP Krill Oil RS.

Sample solution:  Using the portion of oil from NLT 10 Capsules, proceed as directed for

Test Solution 1 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and
Profile.

2S (USP37)
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System suitability 
Samples:  System suitability solution 1 and Standard solution
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from the Standard solution is
similar to the reference chromatogram provided with the lot of USP Krill Oil RS being
used.

Resolution:  NLT 1.0 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution

Theoretical area percentages:  Meet the requirements for System suitability solution 1
Analysis 

Sample:  Sample solution

Identify the retention times of the relevant fatty acid methyl esters in the Sample solution
by comparing the chromatogram of the Sample solution with that of the Standard solution
and the USP reference chromatogram. 
Calculate the area percentage for each fatty acid as methyl esters in the portion of oil
taken from the Capsules:

Result = (rA/rB) × 100

rA= peak area of each individual fatty acid from the Sample solution
rB= total area of all peaks, except the solvent and butylated hydroxytoluene peaks, from the

Sample solution

Acceptance criteria:   See Table 1.

Table 1

Fatty Acid
Short-hand

Notation
Lower Limit

(Area %)
Upper Limit

(Area %)

Monounsaturated fatty acids   
Palmitoleic acid 16:1 n-7 2.5 6.9
cis-Vaccenic acid 18:1 n-7 4.7 7.0
Oleic acid 18:1 n-9 7.0 10.9
Eicosenic acid 20:1 n-9 0.1 1.2
Erucic acid 22:1 n-9 0.0 0.9
Polyunsaturated fatty acids   
Linoleic acid 18:2 n-6 1.4 2.1

-Linolenic acid 18:3 n-3 0.5 1.9
Moroctic acid 18:4 n-3 2.6 6.3
Eicosapentaenoic acid 20:5 n-3 15.8 22.1
Dososapentaenoic acid 22:5 n-3 0.4 0.6
Docosahexaenoic acid 22:6 n-3 8.8 13.2

•  B. Phospholipid Profile
Solution A, Line shape standard (1H), Sensitivity standard (1H), Sensitivity standard

(31P), Internal standard, Sample solution, Standard solution, Instrumental
conditions, System suitability, and Analysis:  Proceed as directed in the test for
Content of Total Phospholipids in Strength.

Acceptance criteria:  The Sample solution contains all of the following phospholipids:
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phosphatidylcholine (60%–90% [w/w] of the total phospholipids content),
lysophosphatidylcholine (as a mixture of 1-lysophosphatidylcholine and 2-
lysophosphatidylcholine), and phosphatidylethanolamine.

STRENGTH
•  Content of Krill Oil

Analysis:  Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open the
Capsules, without loss of shell material. Transfer the combined Capsule contents to a 100-
mL beaker. Remove any adhering substance from the emptied Capsules by washing with
several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is
completely evaporated. Weigh the empty Capsules in the original tared weighing bottle,
and calculate the average net weight per Capsule.

Acceptance criteria:  95.0%–105.0%
•  Content of EPA and DHA

Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard solution
2b, System suitability solution 1, and Chromatographic system:  Proceed as directed

in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.
Test solution 1:  Using the portion of 250 mg of oil from NLT 10 Capsules, proceed as

directed for Test solution 1 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.

Test solution 2:  Using the portion of 250 mg of oil from NLT 10 Capsules, proceed as

directed for Test solution 2 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.

Analysis:  Proceed as directed for Analysis (for triglycerides) in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile. 
Calculate the percentage of EPA and DHA in the portion of oil taken from the Capsules.

Acceptance criteria:  NLT 10.0% (w/w) of EPA and NLT 5.0% (w/w) of DHA
•  Content of Total Phospholipids 

(See Nuclear Magnetic Resonance Spectroscopy 761 , Qualitative and Quantitative NMR
Analysis).

[Note—All deuterated solvents used in this method should be NLT 99.8 atom % D. Whenever
water is used in this method, it should be of sufficient quality to ensure that no trace
metals or other contaminants that may affect the analysis are present.]

Solution A:  0.2 M EDTA adjusted with a 1 M cesium carbonate solution to a pH of 7.2–7.5.
Document the final pH and the amount of 1 M cesium carbonate solution necessary to
attain the desired pH. [Note—Use cesium carbonate of a sufficient grade for trace metals
analysis.]

Line shape standard (1H):  1% chloroform in acetone-d6

Sensitivity standard (1H):  0.1% ethylbenzene in chloroform-d
Sensitivity standard (31P):  0.0485 M triphenyl phosphate in acetone-d6

Internal standard:  Use a suitable triphenyl phosphate NMR analytical standard.
Sample solution:  [Note—NMR solvents containing tetramethylsilane (TMS) are readily

available. If the solvents used do not contain TMS, it must be added to the Sample
solution at an approximate concentration of 0.05% (v/v) for use as a chemical shift scale
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reference.]Transfer the portion of 300–350 mg of oil from NLT 10 Capsules to a 5-mL
sealable glass vial. Add 25.0 mg of the Internal standard to the vial. Add 1 mL each of
deuterated chloroform (chloroform-d) and deuterated methanol (methanol-d4) of a grade
suitable for NMR analysis to the vial to dissolve the sample. Once dissolution is complete,
add 1 mL of Solution A, seal the vial, shake the solution for 10–20 min, then centrifuge the
contents of the vial. Transfer the lower organic phase to an appropriate NMR tube. It is
critical to collect the entire organic phase and transfer it to the NMR tube. It may be
unavoidable to also transfer small amounts of the aqueous phase when collecting the
organic phase in the NMR tube. This is an acceptable practice, so long as the aqueous
phase remains completely separated and atop the organic phase in the NMR tube. The
entire amount of aqueous phase must be above the probe's radio frequency (RF) coil
(outside the analysis area of the tube). Should the organic phase contain undissolved
materials, they must remain suspended at the aqueous-organic interface and be outside
the analysis area of the tube as well. The organic phase must be free of bubbles and
suspended materials that may interfere with NMR data acquisition.

Standard solution:  Proceed as directed in the Sample solution, except use 300–350 mg of
USP Krill Oil RS.

Instrumental conditions  

(See Nuclear Magnetic Resonance Spectroscopy 761 .)
Magnetic field strength:  NLT 300 MHz
Probe:  Direct observe probe capable of tuning to the resonance frequency of 31P

(dependent on the specific magnetic field strength used)
Instrument performance qualification 
[Note—Testing for sensitivity and line shape should be performed on the interval specified

by the manufacturer of the instrument used. Performing these tests on a minimum of a
monthly basis is required for this method, but it may be done more often, as required.
Resolution testing is to be performed during each analysis and documented as a part of
the analytical results.]
1H Line shape test:  Using the Line shape standard (1H) and the protocol recommended

by the instrument manufacturer, the instrument must achieve the line shape
specifications for the probe in use, as required by the instrument manufacturer. [Note
—A different standard solution may be required or recommended by the manufacturer
of the instrument; 1% chloroform in acetone-d6 is most commonly used.]

1H Sensitivity test:  Using the Sensitivity standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the sensitivity
specifications required by the instrument manufacturer. [Note—A different standard
solution may be required or recommended by the manufacturer of the instrument;
0.1% ethylbenzene in chloroform-d is most commonly used.]

31P Sensitivity test:  Using the Sensitivity standard (31P) and the protocol
recommended by the instrument manufacturer, the instrument must achieve the
sensitivity specifications required by the instrument manufacturer. [Note—A different
standard solution may be required or recommended by the manufacturer of the
instrument; 0.0485 M triphenyl phosphate in acetone-d6 is most commonly used.]

1H Resolution test:  The resolution is demonstrated by the ability to detect both of the
29Si satellite signals of TMS. The satellites must be resolved from the TMS signal in
the spectrum with a line-broadening factor of NMT 0.5 ppm.
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31P Resolution test:  The resolution is demonstrated using the phosphatidylcholine
ether peak and the phosphatidylcholine peak. The separation of these peaks (with a
line-broadening factor of 1.0) must be demonstrated as follows. Using the baseline as
a reference, determine the total peak height of the phosphatidylcholine ether peak,
and draw a line at 30% of that total peak height (intensity). The phosphatidylcholine
ether peak and the neighboring phosphatidylcholine peak must be fully resolved at a
point that is NMT 30% of the peak height of the phosphatidylcholine ether peak.

Data collection:  Use the parameters specified in Table 2. Use 90 degree pulses, and
calibrate pulses before use according to the recommendations supplied by the
instrument manufacturer.

Table 2

Parameter

31P NMR
Quantitative

Measurement

1H NMR
Qualitative

Measurement

Pulse program 1H-decoupled 31P Single pulse 1H

Spectral width 50 ppm (25 to 25 ppm) 20 ppm ( 3 to 17 ppm)

Transmitter offset
Center of spectral width, 0

ppm
Center of spectral width, 7

ppm
Relaxation delay 2–5 s 2–5 s
Acquisition time 1–6 s 1–6 s
Sum of relaxation delay and

acquisition time NLT 15 s NLT 15 s

Size of data set
NLT 64k (32k with zero-

filling)
NLT 64k (32k with zero-

filling)
[Note—The acquisition time is dependent upon the field strength and the time domain.

The number of scans acquired using a 300-MHz instrument must be NLT 512.]
System suitability:  Under the conditions outlined in Data collection, the 31P NMR signal of

triphenyl phosphate should be observed at 17.80 ppm, and the 1H NMR spectrum should
be referenced to the 1H signal of TMS (0 ppm) for all spectra acquired in the Analysis. For
quantitative analysis, a sufficient number of scans should be acquired such that the
signal-to-noise ratio for the phosphatidylcholine signal in the 31P spectrum of the Sample
solution acquired in the Analysis is NLT 2000.

Analysis:  Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum
(fingerprint) of the Sample solution and the Standard solution as well as the quantitative
31P spectrum of the Sample solution and the Standard solution. Record the resulting
spectra, and perform integration by hand or automated means on the quantitative 31P
NMR spectrum of the Sample solution. The integration of the peaks in the spectrum of the
Sample solution must be performed such that the complete set of phospholipid peaks (as
identified by a comparison to the spectrum of the Standard solution and the Standard
solution reference spectrum) is included in the integration. The integration region for each
signal must extend ±0.05 ppm on either side of the 31P signal. Quantify the total
phospholipids present, the phosphatidylcholine ether content, and the phosphatidylcholine
content in the Sample solution by using a comparison to the concentration of the Internal
standard. 
Compare the 1H spectrum of the Sample solution to that of the Standard solution to
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determine the similarity of fingerprints according to which phospholipids identified in the
reference spectrum of the Standard solution are present in the spectrum of the Sample
solution.

Acceptance criteria 
Total phospholipids:  28%–52% (w/w)
Phosphatidylcholine:  60%–90% (w/w) of the total phospholipids content

•  Content of Astaxanthin
[Note—Perform this analysis in subdued light using low-actinic glassware.]

Sample solution:  0.005 g/mL in chloroform using the portion of oil from NLT 10 Capsules.
[Note—If the solution is not clear, centrifuge it with an appropriate centrifuge to obtain a
clear supernatant.]

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength:  486 nm
Cell path:  1 cm
Blank:  Chloroform

Analysis 
Sample:  Sample solution

Calculate the percentage of astaxanthin in the portion of oil taken from the Capsules:

Result = A/(F × C)

A= absorbance of the Sample solution
F= coefficient of extinction (E1%) of pure astaxanthin in chloroform (100 mL·g 1·cm 1),

1692
C= concentration of the Sample solution (g/mL)

Acceptance criteria:  NLT 0.01%

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Rupture Test for Soft
Shell Capsules

•  Weight Variation 2091 : Meet the requirements

CONTAMINANTS
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B, of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by Method
1668, Revision A, of the Environmental Protection Agency.

Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
(polychlorinated biphenyls; non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and
PCB-169; and mono-ortho IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-
156, PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
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103 cfu/g, and the combined molds and yeasts count does not exceed 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Astaxanthin Esterification

Standard solution A:  10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone

Standard solution B:  10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution:  Using the portion of oil from NLT 10 Capsules, prepare a solution of 250

mg/mL in acetone.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC

Adsorbent:  0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110  for
1 h before use.]

Application volume:  5 µL
Developing solvent system:  Hexane and acetone (70:30)

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.

Acceptance criteria:  The principal spot of Standard solution B, located in the bottom half
of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot in the
same location. The principal spots of Standard solution A are from monoesters (primary
spot, located slightly above the middle of the plate) and diesters (secondary spot, located
in the top third of the plate). The principal spot of the Sample solution should correspond
in color and RF value to the diester spot of Standard solution A. The secondary spot of the
Sample solution should correspond in color and approximately the same RF value to the
monoester spot of Standard solution A. [Note—Slight differences in RF values within
monoester spots and within diester spots may exist because of different intensities.]

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0 mEq peroxide/kg

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at room temperature.

Protect from light.
•  Labeling: The label states the amount of docosahexaenoic acid (DHA), eicosapentaenoic

acid (EPA), total phospholipids, and astaxanthin.

•  USP Reference Standards 11
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Astaxanthin (Synthetic) RS 
USP Docosahexaenoic Acid Ethyl Ester RS 
USP Eicosapentaenoic Acid Ethyl Ester RS 
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USP Krill Oil RS
USP Methyl Tricosanoate RS 

BRIEFING

Krill Oil Delayed-Release Capsules. Because there is no existing USP monograph for this
dietary supplement dosage form, a new monograph is being proposed.

(DS: N. Davydova.)
Correspondence Number—C133388

Comment deadline: November 30, 2013

Add the following:
Krill Oil Delayed-Release Capsules

DEFINITION

Krill Oil Delayed-Release Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount of
Krill Oil where Krill Oil is the fixed oil extracted from Antarctic krill (Euphausia superba Dana)
biomass by using a suitable extraction solvent.

IDENTIFICATION
•  A. Fatty Acid Profile

Antioxidant solution, System suitability solution 1, and Chromatographic system:

 Proceed as directed in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination
and Profile.

Standard solution:  Proceed as directed for Test Solution 1 in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile, except use 250 mg of USP Krill Oil RS.

Sample solution:  Using the portion of oil from NLT 10 Capsules, proceed as directed for

Test Solution 1 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and
Profile.

System suitability 
Samples:  System suitability solution 1 and Standard solution
Suitability requirements 

Chromatogram similarity:  The chromatogram obtained from the Standard solution is
similar to the reference chromatogram provided with the lot of USP Krill Oil RS being
used.

Resolution:  NLT 1.0 between the methyl oleate and methyl cis-vaccinate peaks,
Standard solution

Theoretical area percentages:  Meets the requirements for System suitability solution
1

Analysis 
Sample:  Sample solution

Identify the retention times of the relevant fatty acid methyl esters in the Sample solution
by comparing the chromatogram of the Sample solution with that of the Standard solution
and the USP reference chromatogram. 

2S (USP37)
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Calculate the area percentage for each fatty acid as methyl esters in the portion of oil
taken from the Capsules:

Result = (rA/rB) × 100

rA= peak area of each individual fatty acid from the Sample solution
rB= total area of all peaks, except the solvent and butylated hydroxytoluene peaks, from the

Sample solution

Acceptance criteria:   See Table 1.

Table 1

Fatty Acid
Short-hand

Notation
Lower Limit

(Area %)
Upper Limit

(Area %)

Monounsaturated fatty acids   
Palmitoleic acid 16:1 n-7 2.5 6.9
cis-Vaccenic acid 18:1 n-7 4.7 7.0
Oleic acid 18:1 n-9 7.0 10.9
Eicosenic acid 20:1 n-9 0.1 1.2
Erucic acid 22:1 n-9 0.0 0.9
Polyunsaturated fatty acids   
Linoleic acid 18:2 n-6 1.4 2.1

-Linolenic acid 18:3 n-3 0.5 1.9
Moroctic acid 18:4 n-3 2.6 6.3
Eicosapentaenoic acid 20:5 n-3 15.8 22.1
Dososapentaenoic acid 22:5 n-3 0.4 0.6
Docosahexaenoic acid 22:6 n-3 8.8 13.2

•  B. Phospholipid Profile
Solution A, Line shape standard (1H), Sensitivity standard (1H), Sensitivity standard

(31P), Internal standard, Sample solution, Standard solution, Instrumental
conditions, System suitability, and Analysis:  Proceed as directed in the test for
Content of Total Phospholipids in Strength.

Acceptance criteria:  The Sample solution contains all of the following phospholipids:
phosphatidylcholine (60%–90% [w/w] of the total phospholipids content),
lysophosphatidylcholine (as a mixture of 1-lysophosphatidylcholine and 2-
lysophosphatidylcholine), and phosphatidylethanolamine.

STRENGTH
•  Content of Krill Oil: Weigh NLT 10 Capsules in a tared weighing bottle, and carefully open

the Capsules, without loss of shell material. Transfer the combined Capsule contents to a
100-mL beaker. Remove any adhering substance from the emptied Capsules by washing
with several small portions of 2,2,4-trimethylpentane. Discard the washings, and allow the
empty Capsules to dry in a current of dry air until the 2,2,4-trimethylpentane is completely
evaporated. Weigh the empty Capsules in the original tared weighing bottle, and calculate
the average net weight per Capsule.

Acceptance criteria:  95.0%–105.0%
•  Content of EPA and DHA

Standard solution 1a, Standard solution 1b, Standard solution 2a, Standard solution

PF 39(5): Sep.-Oct. 2013 407



2b, System suitability solution 1, and Chromatographic system:  Proceed as directed

in Fats and Fixed Oils 401 , Omega-3 Fatty Acids Determination and Profile.
Test solution 1:  Using the portion of 250 mg of oil from NLT 10 Capsules, proceed as

directed for Test solution 1 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.

Test solution 2:  Using the portion of 250 mg of oil from NLT 10 Capsules, proceed as

directed for Test solution 2 in Fats and Fixed Oils 401 , Omega-3 Fatty Acids
Determination and Profile.

Analysis:  Proceed as directed for Analysis (for triglycerides) in Fats and Fixed Oils 401 ,
Omega-3 Fatty Acids Determination and Profile. 
Calculate the percentage of EPA and DHA in the portion of oil taken from the Capsules.

Acceptance criteria:  NLT 10.0% (w/w) of EPA and NLT 5.0% (w/w) of DHA
•  Content of Total Phospholipids 

(See Nuclear Magnetic Resonance Spectroscopy 761 , Qualitative and Quantitative NMR
Analysis).

[Note—All deuterated solvents used in this method should be NLT 99.8 atom % D. Whenever
water is used in this method, it should be of sufficient quality to ensure that no trace
metals or other contaminants that may affect the analysis are present.]

Solution A:  0.2 M EDTA adjusted with a 1 M cesium carbonate solution to a pH of 7.2–7.5.
Document the final pH and the amount of 1 M cesium carbonate solution necessary to
attain the desired pH. [Note—Use cesium carbonate of a sufficient grade for trace metals
analysis.]

Line shape standard (1H):  1% chloroform in acetone-d6

Sensitivity standard (1H):  0.1% ethylbenzene in chloroform-d
Sensitivity standard (31P):  0.0485 M triphenyl phosphate in acetone-d6

Internal standard:  Use a suitable triphenyl phosphate NMR analytical standard.
Sample solution:  [Note—NMR solvents containing tetramethylsilane (TMS) are readily

available. If the solvents used do not contain TMS, it must be added to the Sample
solution at an approximate concentration of 0.05% (v/v) for use as a chemical shift scale
reference.] 
Transfer the portion of 300–350 mg of oil from NLT 10 Capsules to a 5-mL sealable glass
vial. Add 25.0 mg of the Internal standard to the vial. Add 1 mL each of deuterated
chloroform (chloroform-d) and deuterated methanol (methanol-d4) of a grade suitable for
NMR analysis to the vial to dissolve the sample. Once dissolution is complete, add 1 mL of
Solution A, seal the vial, and shake the solution for 10–20 min, then centrifuge the
contents of the vial. Transfer the lower organic phase to an appropriate NMR tube. It is
critical to collect the entire organic phase and transfer it to the NMR tube. It may be
unavoidable to also transfer small amounts of the aqueous phase when collecting the
organic phase in the NMR tube. This is an acceptable practice, so long as the aqueous
phase remains completely separated and atop the organic phase in the NMR tube. The
entire amount of aqueous phase must be above the probe's radio frequency (RF) coil
(outside the analysis area of the tube). Should the organic phase contain undissolved
materials, they must remain suspended at the aqueous-organic interface and be outside
the analysis area of the tube as well. The organic phase must be free of bubbles and
suspended materials that may interfere with NMR data acquisition.
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Standard solution:  Prepare as directed in the Sample solution, except use 300–350 mg of
USP Krill Oil RS.

Instrumental conditions  

(See Nuclear Magnetic Resonance Spectroscopy 761 .)
Magnetic field strength:  NLT 300 MHz
Probe:  Direct observe probe capable of tuning to the resonance frequency of 31P

(dependent on the specific magnetic field strength used)
Instrument performance qualification 
[Note—Testing for sensitivity and line shape should be performed on the interval specified

by the manufacturer of the instrument used. Performing these tests on a minimum of a
monthly basis is required for this method, but it may be done more often, as required.
Resolution testing is to be performed during each analysis and documented as a part of
the analytical results.]
1H Line shape test:  Using the Line shape standard (1H) and the protocol recommended

by the instrument manufacturer, the instrument must achieve the line shape
specifications for the probe in use, as required by the instrument manufacturer. [Note
—A different standard solution may be required or recommended by the manufacturer
of the instrument; 1% chloroform in acetone-d6 is most commonly used.]

1H Sensitivity test:  Using the Sensitivity standard (1H) and the protocol recommended
by the instrument manufacturer, the instrument must achieve the sensitivity
specifications required by the instrument manufacturer. [Note—A different standard
solution may be required or recommended by the manufacturer of the instrument;
0.1% ethylbenzene in chloroform-d is most commonly used.]

31P Sensitivity test:  Using the Sensitivity standard (31P) and the protocol
recommended by the instrument manufacturer, the instrument must achieve the
sensitivity specifications required by the instrument manufacturer. [Note—A different
standard solution may be required or recommended by the manufacturer of the
instrument; 0.0485 M triphenyl phosphate in acetone-d6 is most commonly used.]

1H Resolution test:  The resolution is demonstrated by the ability to detect both of the
29Si satellite signals of TMS. The satellites must be resolved from the TMS signal in
the spectrum with a line-broadening factor of NMT 0.5 ppm.

31P Resolution test:  The resolution is demonstrated using the phosphatidylcholine
ether peak and the phosphatidylcholine peak. The separation of these peaks (with a
line-broadening factor of 1.0) must be demonstrated as follows. Using the baseline as
a reference, determine the total peak height of the phosphatidylcholine ether peak,
and draw a line at 30% of that total peak height (intensity). The phosphatidylcholine
ether peak and the neighboring phosphatidylcholine peak must be fully resolved at a
point that is NMT 30% of the peak height of the phosphatidylcholine ether peak.

Data collection:  Use the parameters specified in Table 2. Use 90 degree pulses, and
calibrate pulses before use according to the recommendations supplied by the
instrument manufacturer.

Table 2

Parameter

31P NMR
Quantitative

Measurement

1H NMR
Qualitative

Measurement
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Pulse program 1H-decoupled 31P Single pulse 1H

Spectral width 50 ppm (25 to 25 ppm) 20 ppm ( 3 to 17 ppm)

Transmitter offset
Center of spectral width, 0

ppm
Center of spectral width, 7

ppm
Relaxation delay 2–5 s 2–5 s
Acquisition time 1–6 s 1–6 s
Sum of relaxation delay and

acquisition time NLT 15 s NLT 15 s

Size of data set
NLT 64k (32k with zero-

filling)
NLT 64k (32k with zero-

filling)
[Note—The acquisition time is dependent upon the field strength and the time domain.

The number of scans acquired using a 300-MHz instrument must be NLT 512.]
System suitability:  Under the conditions outlined in Data collection, the 31P NMR signal of

triphenyl phosphate should be observed at 17.80 ppm, and the 1H NMR spectrum should
be referenced to the 1H signal of TMS (0 ppm) for all spectra acquired in the Analysis. For
quantitative analysis, a sufficient number of scans should be acquired such that the
signal-to-noise ratio for the phosphatidylcholine signal in the 31P spectrum of the Sample
solution acquired in the Analysis is NLT 2000.

Analysis:  Acquire the data outlined in Data collection. Minimally acquire the 1H spectrum
(fingerprint) of the Sample solution and the Standard solution as well as the quantitative
31P spectrum of the Sample solution and the Standard solution. Record the resulting
spectra, and perform integration by hand or automated means on the quantitative 31P
NMR spectrum of the Sample solution. The integration of the peaks in the spectrum of the
Sample solution must be performed such that the complete set of phospholipid peaks (as
identified by a comparison to the spectrum of the Standard solution and the Standard
solution reference spectrum) is included in the integration. The integration region for each
signal must extend ±0.05 ppm on either side of the 31P signal. Quantify the total
phospholipids present, the phosphatidylcholine ether content, and the phosphatidylcholine
content in the Sample solution by using a comparison to the concentration of the Internal
standard. 
Compare the 1H spectrum of the Sample solution to that of the Standard solution to
determine the similarity of fingerprints according to which phospholipids identified in the
reference spectrum of the Standard solution are present in the spectrum of the Sample
solution.

Acceptance criteria 
Total phospholipids:  28%–52% (w/w)
Phosphatidylcholine:  60%–90% (w/w) of the total phospholipids content

•  Content of Astaxanthin
[Note—Perform this analysis in subdued light using low-actinic glassware.]

Sample solution:  0.005 g/mL in chloroform using the portion of oil from NLT 10 Capsules.
[Note—If the solution is not clear, centrifuge it with an appropriate centrifuge to obtain a
clear supernatant.]

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength:  486 nm
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Cell path:  1 cm
Blank:  Chloroform

Analysis 
Sample:  Sample solution

Calculate the percentage of astaxanthin in the portion of oil taken from the Capsules:

Result = A/(F × C)

A= absorbance of the Sample solution
F= coefficient of extinction (E1%) of pure astaxanthin in chloroform (100 mL·g 1·cm 1),

1692
C= concentration of the Sample solution (g/mL)

Acceptance criteria:  NLT 0.01%

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Disintegration,
Delayed-Release (Enteric-Coated) Soft Shell Capsules

•  Weight Variation 2091 : Meet the requirements

CONTAMINANTS
•  Limit of Dioxins, Furans, and Polychlorinated Biphenyls

Analysis:  Determine the content of polychlorinated dibenzo-para-dioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs) by Method 1613, Revision B, of the Environmental
Protection Agency. Determine the content of polychlorinated biphenyls (PCBs) by Method
1668, Revision A, of the Environmental Protection Agency.

Acceptance criteria:  The sum of PCDDs and PCDFs is NMT 2.0 pg/g of World Health
Organization (WHO) toxic equivalents. The sum of PCDDs, PCDFs, and dioxin-like PCBs
(polychlorinated biphenyls; non-ortho IUPAC congeners PCB-77, PCB-81, PCB-126, and
PCB-169; and mono-ortho IUPAC congeners PCB-105, PCB-114, PCB-118, PCB-123, PCB-
156, PCB-157, PCB-167, and PCB-189) is NMT 10.0 pg/g of WHO toxic equivalents.

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
103 cfu/g, and the combined molds and yeasts count does not exceed 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Astaxanthin Esterification

Standard solution A:  10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis
RS in acetone

Standard solution B:  10 mg/mL of USP Astaxanthin (Synthetic) RS in acetone
Sample solution:  Using the portion of oil from NLT 10 Capsules, prepare a solution of 250

mg/mL in acetone.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
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Mode:  TLC

Adsorbent:  0.25-mm layer of chromatographic silica gel. [Note—Dry silica gel at 110  for
1 h before use.]

Application volume:  5 µL
Developing solvent system:  Hexane and acetone (70:30)

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Develop the chromatogram in the Developing solvent system until the solvent front has
moved about 15 cm of the length of the plate. Remove the plate from the chamber, and
allow to dry.

Acceptance criteria:  The principal spot of Standard solution B, located in the bottom half
of the plate, is free astaxanthin. The Sample solution may exhibit a light, minor spot in the
same location. The principal spots of Standard solution A are from monoesters (primary
spot, located slightly above the middle of the plate) and diesters (secondary spot, located
in the top third of the plate). The principal spot of the Sample solution should correspond
in color and RF value to the diester spot of Standard solution A. The secondary spot of the
Sample solution should correspond in color and approximately the same RF value to the
monoester spot of Standard solution A. [Note—Slight differences in RF values within
monoester spots and within diester spots may exist because of different intensities.]

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 5.0 mEq peroxide/kg

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at room temperature.

Protect from light.
•  Labeling: The label states the amount of docosahexaenoic acid (DHA), eicosapentaenoic

acid (EPA), total phospholipids, and astaxanthin.

•  USP Reference Standards 11
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Astaxanthin (Synthetic) RS 
USP Docosahexaenoic Acid Ethyl Ester RS 
USP Eicosapentaenoic Acid Ethyl Ester RS 
USP Krill Oil RS
USP Methyl Tricosanoate RS 

BRIEFING

Methylcobalamin. Because there is no existing USP monograph for this dietary ingredient, a
new monograph is being proposed. The liquid chromatographic procedures in the Assay and
the test for Related Compounds are based on analyses performed with the Supelco
supelcosil brand of L1 column. Typical retention times observed for methylcobalamin and
hydroxocobalamin are 11.0 and 5.6 min, respectively.

(DS: H. Dinh.)
Correspondence Number—C127698

Comment deadline: November 30, 2013

2S (USP37)
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Add the following:
Methylcobalamin

C63H91CoN13O14P       1344.40 

Co -[ -5,6-Dimethyl-1H-benzoimidazol-1-yl]-Co -methylcobamide     [13422-55-4].

DEFINITION

Methylcobalamin contains NLT 98.0% and NMT 102.0% of methycobalamin (C63H91CoN13O14P),
calculated on the anhydrous basis.

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Wavelength range:  200–700 nm
Sample solution:  50 µg/mL in phosphate buffer, pH 7.0
[Note—Use low-actinic glassware, and keep the solutions from exposure to light.]
Acceptance criteria:  The absorption spectrum exhibits maxima at 267 ± 2 nm, 342 ± 2 nm,

and 522 ± 2 nm.
•  B. Cobalt

Sample:  1 mg of Methylcobalamin
Analysis:  Fuse the Sample with 50 mg of potassium pyrosulfate in a porcelain or silica

crucible. Cool, break up the mass with a glass rod, add 3 mL of water, and boil until
dissolved. Add 1 drop of phenolphthalein TS, and add 2.5 N sodium hydroxide dropwise
until a pink color appears. Add 0.5 g of sodium acetate, 0.5 mL of 1 N acetic acid, and 0.5
mL of a 2-mg/mL solution of nitroso R salt. Add 0.5 mL of hydrochloric acid, and boil for 1
min.

Acceptance criteria:  A red or orange-red color appears immediately after the addition of
nitroso R salt. The red or orange-red color persists after boiling with the addition of
hydrochloric acid.

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer solution:  3.1 g/L of sodium dihydrogen phosphate dihydrate in water. Adjust with
phosphoric acid (1 in 100) to a pH of 3.5.

Mobile phase:   To 200 mL of acetonitrile add 800 mL of Buffer solution, then add 3.76 g of
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sodium 1-hexane sulfonate, and mix to dissolve.
[Note—Use low-actinic glassware, and keep the following solutions from exposure to light.]

System suitability solution:  0.05 mg/mL each of cyanocobalamin and hydroxocobalamin
acetate from USP Cyanocobalamin RS and USP Hydroxocobalamin Acetate RS in Mobile
phase

[Note—USP Cyanocobalamin RS is a mixture of cyanocobalamin and mannitol.]
Standard solution:  1 mg/mL of USP Methylcobalamin RS in Mobile phase
Sample solution:  1 mg/mL of Methylcobalamin in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 266 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  0.6 mL/min, or adjust to have methylcobalamin elute at about 12 min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for cyanocobalamin and hydroxocobalamin are 0.8 and

1.0, respectively]
Suitability requirements 

Resolution:  NLT 3 between the cyanocobalamin and hydroxocobalamin peaks, System
suitability solution

Column efficiency:  NLT 6000 theoretical plates, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methylcobalamin (C63H91CoN13O14P) in the portion of sample
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Methylcobalamin RS in the Standard solution (mg/mL)
CU= concentration of Methylcobalamin in the Sample solution (mg/mL)

Acceptance criteria:  98.0–102.0% on the anhydrous basis

IMPURITIES
•  Related Compounds

Buffer solution, Mobile phase, System suitability solution, and Chromatographic
system:  Proceed as directed in the Assay.

[Note—Use low-actinic glassware, and keep the following solutions from exposure to light.]
Sample solution:  1 mg/mL of Methylcobalamin in Mobile phase
Quantitative limit solution:  1 µg/mL of Methylcobalamin in Mobile phase, diluted from the
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Sample solution
System suitability 

Samples:  System suitability solution and Quantitative limit solution
Suitability requirements 

Resolution:  NLT 3 between the cyanocobalamin and hydroxocobalamin peaks, System
suitability solution

Signal-to-noise ratio:  NLT 5.0 for the major peak, Quantitative limit solution
Analysis 

Sample:  Sample solution
[Note—Allow the run time to be at least 2.5 times the retention time of the

methylcobalamin peak.]

Calculate the percentage of individual impurities in the portion of Methylcobalamin taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of peak responses of all the peaks from the Sample solution

Acceptance criteria 
Individual impurities:  NMT 0.5%
Total impurities:  NMT 2.0%

SPECIFIC TESTS

•  Water Determination, Method Ia 921 : NMT 12.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at

controlled room temperature.

•  USP Reference Standards 11
USP Cyanocobalamin RS 
USP Hydroxocobalamin Acetate RS
USP Methylcobalamin RS

BRIEFING

Excipients, USP and NF Excipients, Listed by Category, page 6539 of the Second
Supplement to USP 36. It is proposed to add Sunflower Oil to the Coating Agent, Diluent,
Emollient, Solvent, and Vehicle (Oleaginous) categories to complement the revised Sunflower
Oil monograph that also appears in this issue of PF. In addition, it is proposed to add the
following: Butylene Glycol to the Solvent and Wetting and/or Solubilizing Agent categories;
Hydrogenated Lanolin to the Emollient, Emulsifying Agent, Humectant, and Ointment Base
categories; and Invert Sugar to the Diluent, Sweetening Agent, and Wet Binder categories to
complement the proposed new monographs for Butylene Glycol, Hydrogenated Lanolin, and
Invert Sugar, respectively, which also appear in this issue of PF.

(EXC: H. Wang, G. Holloway.)    Correspondence Number—C125896; C126038; C130231;
C132971

2S (USP37)
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In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.

Change to read:
Coating Agent

Sunflower Oil

Change to read:
Diluent

Dosage Form: Tablets and Capsules

Invert Sugar

Sunflower Oil

Change to read:
Emollient

Hydrogenated Lanolin

Sunflower Oil

Change to read:
Emulsifying agent

Hydrogenated Lanolin

Change to read:
Humectant

Hydrogenated Lanolin

Change to read:
Ointment Base

Hydrogenated Lanolin

Change to read:
Solvent

Butylene Glycol

Sunflower Oil

Change to read:

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)
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Sweetening Agent

Dosage Form: Oral Liquids

Invert Sugar

Change to read:
Vehicle (Oleaginous)

Dosage Form: Oral Liquids

Sunflower Oil

Change to read:
Wet Binder

Dosage Form: Tablets and Capsules

Invert Sugar

Change to read:
Wetting and/or Solubilizing Agent

Butylene Glycol 

BRIEFING

Butylene Glycol. Because there is no existing NF monograph for this excipient, a new
monograph is being proposed. The test procedure used in the Assay is based on a GC
method of analysis performed using the Restek Rtx-Wax or Agilent DB-Wax brand of G16 or
G47 column. When analysis is performed using the Restek Rtx-Wax column in the test for
Limit of 4-Hydroxy-2-butanone, Butane-2,3-diol, Ethylene Glycol, Butane-1,2-diol, Butane-
1,4-diol, Diethylene Glycol, and Other Organic Impurities, the typical retention times for 4-
hydroxy-2-butanone; butane-2,3-diol; propylene glycol; ethylene glycol; butane-1,2-diol;
butylene glycol; butane-1,4-diol; and diethylene glycol are about 13.3, 14.3, 14.6, 15.2,
16.5, 17.8, 21.8, and 22.5 min, respectively.

(EXC: H. Wang.)
Correspondence Number—C125896

Comment deadline: November 30, 2013

Add the following:
Butylene Glycol

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)
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C4H10O2 (HOCH2CH2CH(OH)CH3)       90.12 

Butane-1,3-diol;     
1,3-Butylene glycol     [107-88-0].

DEFINITION

Butylene Glycol contains NLT 98.0% and NMT 102.0% of butane-1,3-diol (C4H10O2), calculated
on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197F
•  B. The retention time of butane-1,3-diol of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Standard solution:  1.0 mg/mL of USP Butane-1,3-diol RS and 1.0 mg/mL of USP Propylene
Glycol RS (internal standard) in methanol

Sample solution:  1.0 mg/mL of Butylene Glycol and 1.0 mg/mL of USP Propylene Glycol RS
(internal standard) in methanol

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m capillary; bonded with a 1.0-µm layer of phase G16 or G47
Temperatures 

Detector:  240

Injection port:  230
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at 
Final

Temperature
(min)

40 0 40 3
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40 10 80 0
80 5 130 2
130 10 170 0
170 25 240 0

Carrier gas:  Hydrogen
Flow rate:  10 mL/min
Injection volume:  1.0 µL
Injection type:  Split ratio, 2:1
Liner:  Single gooseneck liner with wool

System suitability 
Sample:  Standard solution
[Note—The relative retention times for propylene glycol and butylene glycol are 1.00 and

1.22, respectively.]
Suitability requirements 

Resolution:  NLT 15 between propylene glycol and butylene glycol
Tailing factor:  0.8–2.0
Relative standard deviation:  NMT 2% for the peak response ratio of butylene glycol

to the internal standard
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of butane-1,3-diol in the portion of Butylene Glycol taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of butylene to the internal standard (peak response of butylene
glycol/peak response of the internal standard) from the Sample solution

RS= peak response ratio of butylene to the internal standard (peak response of butylene
glycol/peak response of the internal standard) from the Standard solution

CS= concentration of USP Butane-1,3-diol RS in the Standard solution (mg/mL)
CU= concentration of Butylene Glycol in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.05% determined on 2 g
•  Limit of Lead
[Note—For the preparation of all aqueous solutions and for the rinsing of glassware before use,

use water that has been passed through a strong-acid, strong-base, mixed-bed ion-
exchange resin. For digestion, use acid-cleaned, high-density polyethylene, polypropylene,
polytef, or quartz tubes. Select all reagents to have as low a content of lead as
practicable, and store all reagent solutions in borosilicate glass containers. Cleanse
glassware before use by soaking in warm 8 N nitric acid for 30 min and rinsing with
deionized water. Store final diluted solutions in acid-cleaned plastic or polytef tubes or
bottles.]

Matrix modifier solution:  200 mg/mL of magnesium nitrate. Just before use, transfer 1.0
mL of this solution to a 10-mL volumetric flask, and dilute with 5% nitric acid to volume.

Alternative matrix modifier solution:  Just before use, add 0.3 mL of commercially
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available 10,000 µg/mL palladium standard solution and 5 mL of commercially available
10,000 µg/mL magnesium nitrate standard solution to 9.7 mL of 5% nitric acid, and mix
well. [Note—Alternative matrix modifier solution can be used to replace the Matrix
modifier solution. If the alternative solution is used, then the air-ashing step in the
furnace program (see Table 2) can be omitted.]

Lead nitrate stock solution:  Dissolve 159.8 mg of lead nitrate in 100 mL of water to which
has been added 1 mL of nitric acid, and then dilute with water to 1000 mL. Prepare and
store this solution in glass containers free from soluble lead salts.

Standard stock solution:  Transfer 10.0 mL of Lead nitrate stock solution to a 100-mL
volumetric flask, add 40 mL of water and 5 mL of nitric acid, and dilute with water to
volume. Transfer 1.0 mL of this solution to a second 100-mL volumetric flask, dilute with
5% nitric acid to volume, and mix. This solution contains 0.1 µg/mL of lead.

Standard solutions:  Transfer portions of Standard stock solution to four suitable
containers, and dilute with 5% nitric acid to obtain Standard solutions having lead
concentrations of 100, 50, 25, and 10 ng/mL, respectively.

Sample solution:  [Note—Perform this procedure in a fume hood.]Transfer 1.5 g of
Butylene Glycol to two digestion tubes, labeled “Sample solution” and “Temperature
monitor solution”, and add 0.75 mL of nitric acid to each tube. Place a thermometer in the
tube labeled “Temperature monitor solution”, and use the Temperature monitor solution
solely to monitor temperature to be within the ranges specified by the method. Warm both

solutions slowly to 90 –95  to avoid spattering. Heat until all brown vapors have
dissipated and the samples no longer have a rust-colored tint. This typically takes 20–30
min. Allow the samples to cool. Add 0.5 mL of 50% hydrogen peroxide dropwise to both

solutions, heat to 90 –95  for 5 min, and cool. Add a second 0.5-mL portion of 50%

hydrogen peroxide dropwise to both solutions, and heat to 90 –100  for 5–10 min or until
the solutions are clear. Cool, and transfer the Sample solution to a 10-mL volumetric flask.
Rinse the tube labeled “Sample solution” with 5% nitric acid, add the rinsing to the
volumetric flask, dilute with 5% nitric acid to volume, and mix.

Standard blank:  5% nitric acid
Sample blank:  Transfer 1.5 g of water to a digestion tube, and proceed as directed for

the Sample solution, beginning with “add 0.75 mL of nitric acid”.
Instrumental conditions 

Mode:  Graphite furnace atomic absorption with pyrolytically-coated graphite tubes and
adequate means of background correction

Analytical wavelength:  Lead emission line at 283.3 nm
Lamp:  Lead hollow-cathode
Furnace program:  See Table 2. [Note—The temperature program may be modified to

obtain optimum furnace temperatures.]

Table 2

Step

Temperature

( )
Ramp

(s)
Hold Time

(s) Gas
Gas Flow Rate

(mL/min)
Read

(s)

Dry 200 20 30 Argon 300 —

Char (ash) 750 40 40 Aira 300 —
Cool down 20 1 60 Argon 300 —
Atomize 1800 0 10 Argon Stop flow 10
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Clean 2600 1 7 Argon 300 —
Cool down 20 1 5 Argon 300 —

a  If Matrix modifier solution is used, air ashing must be used in the experiment. If
Alternative matrix modifier solution is used, air can be substituted with argon.

If the Matrix modifier solution is used, the furnace controller must be able to handle two
gas flows to facilitate air ashing. Argon is used as the purge gas for the furnace for all
steps but the char. Oxygen ashing is used to avoid build up of residue during the char
step. Breathing-quality air is used as the alternative gas for the air ashing. The long (60
s) “Cool down” step prior to atomization ensures that the air used for the oxygen ashing
(char) is cleared from the furnace.

Autosampler 
Sample volume:  20 µL
Alternative volume:  5 µL of Matrix modifier solution (or Alternative matrix modifier

solution)
Analysis 

Samples:  5 µL of the Matrix modifier solution (or Alternative matrix modifier solution)
was added into each 20-µL aliquot of the four Standard solutions; a mixture of 5 µL of
the Matrix modifier solution (or Alternative matrix modifier solution) and 20 µL of the
Sample solution; a mixture of 5 µL of the Matrix modifier solution (or Alternative matrix
modifier solution) and 20 µL of the Standard blank; and a mixture of 5 µL of the Matrix
modifier solution (or Alternative matrix modifier solution) and 20 µL of the Sample blank.
Use peak area measurements for all quantitations.

Using the Standard blank to set the instrument to zero, determine the integrated
absorbances of the Standard solutions. Plot the integrated absorbances of the Standard
solutions versus their contents of lead, in ng/mL, and draw the line best fitting the four
points to determine the calibration curve. Similarly determine the integrated absorbances
of the Sample solution and the Sample blank. Correct the absorbance value of the Sample
solution by subtracting from it the absorbance value obtained from the Sample blank. 
Calculate the concentration of lead, in µg/g, in the portion of Butylene Glycol taken:

Result = [(V × CL)/W] × F

V= volume of the Sample solution, 10 mL
CL= concentration of lead in the Sample solution, as determined from the calibration curve

(ng/mL)
W= weight of Butylene Glycol taken to prepare the Sample solution (g)
F= conversion factor, 10-3 µg/ng

Acceptance criteria:  NMT 2 µg/g
•  Limit of 4-Hydroxy-2-butanone, Butane-2,3-diol, Ethylene Glycol, Butane-1,2-diol,

Butane-1,4-diol, Diethylene Glycol, and Other Organic Impurities
System suitability solution:  1.0 mg/mL of USP Butane-1,3-diol RS, 1.0 mg/mL of USP

Propylene Glycol RS, 0.01 mg/mL of 4-hydroxy-2-butanone, 0.01 mg/mL of butane-2,3-
diol, 0.01 mg/mL of butane-1,2-diol, 0.01 mg/mL of USP Ethylene Glycol RS, 0.01 mg/mL of
butane-1,4-diol, and 0.01 mg/mL of USP Diethylene Glycol RS in methanol

Sensitivity solution:  1.0 mg/mL of USP Butane-1,3-diol RS, 1.0 mg/mL of USP Propylene
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Glycol RS, 0.001 mg/mL of 4-hydroxy-2-butanone, 0.001 mg/mL of butane-2,3-diol, 0.001
mg/mL of butane-1,2-diol, 0.001 mg/mL of USP Ethylene Glycol RS, 0.001 mg/mL of
butane-1,4-diol, and 0.001 mg/mL of USP Diethylene Glycol RS in methanol

Sample solution:  5 mg/mL of Butylene Glycol in methanol
Chromatographic system:  Proceed as directed in the Assay.
System suitability 

Samples:  System suitability solution and Sensitivity solution
[Note—See Table 3.]

Table 3

Name Relative Retention Time

4-Hydroxy-2-butanone 0.91
Butane-2,3-diol 0.98
Propylene glycol 1.00
Ethylene glycol 1.05
Butane-1,2-diol 1.13
Butylene glycol 1.22
Butane-1,4-diol 1.49
Diethylene glycol 1.54

Suitability requirements 
Resolution:  NLT 1.5 between butane-2,3-diol and propylene glycol, System suitability

solution
Relative standard deviation:  NMT 2% for the peak response ratio of butylene glycol

to propylene glycol, System suitability solution
Signal-to-noise ratio:  NLT 20 for any of the following peaks: 4-hydroxy-2-butanone;

butane-2,3-diol; ethylene glycol; butane-1,2-diol; butane-1,4-diol; and diethylene
glycol, Sensitivity solution

Analysis 
Samples:  System suitability solution and Sample solution

Identify each individual impurity peak in the Sample solution based on that in the System
suitability solution. 
Calculate the percentage of each individual impurity in the portion of Butylene Glycol
taken:

Result = (rU/rT) × 100

rU= peak response of each individual impurity in the Sample solution
rT= sum of all the peaks in the Sample solution excluding those due to solvent or reagents

Acceptance criteria 
Each individual impurity:  NMT 0.1%
Total impurities:  NMT 2.0%

SPECIFIC TESTS
•  Acidity and Alkalinity

Sample solution:  A solution of Butylene Glycol (1 in 5)
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Analysis:  Perform a pH measurement.
Acceptance criteria:  pH value is 5.5–7.0.

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers. Do not store above 50 . Protect from
moisture.

•  USP Reference Standards 11
USP Butane-1,3-diol RS
USP Diethylene Glycol RS 
USP Ethylene Glycol RS 
USP Propylene Glycol RS 

BRIEFING

Guar Gum, NF 31 page 2035. The Guar Gum monograph was identified by the FDA
Modernization Task Group to be at an elevated risk of adulteration due to the lack of
specificity in the Identification test. As part of the USP monograph modernization effort, and
also on the basis of comments received, it is proposed to make the following revisions:

1. Add the CAS number.
2. By updating the Definition, the Expert Committee is planning to introduce a new Guar

Galactomannan NF monograph. The ongoing investigational studies for the tests of
Content of Galactomannan and other properties of Guar Gum products may be able
to help define Guar Gum and Guar Galactomannan.

3. Combine current Identification tests A and B into a single test, Identification test A.
4. Add an additional Identification test B that identifies mannose and galactose by

hydrolyzing Guar Gum and running the hydrolysate on a TLC plate and comparing with
USP Mannose RS and USP Galactose RS.

5. Add a microbial limit test.

6. Add a USP Reference Standards 11  section containing USP Mannose RS and USP
Galactose RS.

7. Some other changes are proposed to clarify the procedures.

(EXC: H. Wang.)
Correspondence Number—C122232; C125119

Comment deadline: November 30, 2013
Guar Gum

Add the following:

2S (NF32)

PF 39(5): Sep.-Oct. 2013 423



[9000-30-0].

DEFINITION

Change to read:
•  Guar Gum is a gum obtained from the ground endosperms of Cyamopsis tetragonolobus
(Linné) Taub. (Fam. Leguminosae). It consists chiefly of a high molecular weight hydrocolloidal
polysaccharide, composed of galactan and mannan units combined through glycosidic linkages,
which may be described chemically as a galactomannan.
Guar Gum is the flour obtained by grinding the endosperms of seeds of Cyamopsis

tetragonolobus (L.) Taub. (Fam. Leguminosae). It consists chiefly of high molecular weight
hydrocolloidal polysaccharides composed of galactomannans.

IDENTIFICATION

Delete the following:
•  A.

Sample: 2 g
Analysis: Place the Sample in a 400-mL beaker, and moisten it with 4 mL of isopropyl

alcohol. Add 200 mL of cold water with vigorous stirring, and continue stirring until the
Sample is completely and uniformly dispersed.

Acceptance criteria: An opalescent, viscous solution results.

Delete the following:
•  B.

Analysis: Transfer 100 mL of the solution prepared in Identification test A to a 400-mL
beaker, heat in a boiling water bath for about 10 min, and cool.

Acceptance criteria: No appreciable increase in viscosity is produced. (Distinction from
locust bean gum: see Reagents, Indicators, and Solutions—Reagents).

Add the following:
•  A. Indication for a Polymeric Compound and Distinction from Locust Bean Gum

Sample:  2 g
Analysis 1:  Place the Sample in a 400-mL beaker, and moisten it with 4 mL of isopropyl

alcohol. Add 200 mL of cold water with vigorous stirring, and continue stirring until the
Sample is completely and uniformly dispersed.

Acceptance criteria 1:  An opalescent, viscous dispersion results.
Analysis 2:  Transfer 100 mL of the sample dispersion prepared above to a 400-mL beaker,

heat in a boiling water bath for about 10 min, and then cool to room temperature.

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)
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Acceptance criteria 2:  No appreciable increase in viscosity is produced (distinction from
locust bean gum: see Reagents, Indicators, and Solutions—Reagent Specifications).

Add the following:
•  B. Identification of Constituting Mannose and Galactose by Thin-Layer

Chromatography
Mobile phase:  Acetonitrile and water (85:15)
Standard solution:  Dissolve 10 mg of USP Galactose RS and 10 mg of USP Mannose RS in

2 mL of water, and dilute with methanol to 20 mL.
Sample solution:  Transfer 20 mg of Guar Gum to a test tube, add 4 mL of a 100 mg/mL

solution of trifluoroacetic acid, and shake vigorously to dissolve the forming gel. Stopper

the tube, and heat the mixture at 115  for 1 h 20 min in a dry bath (heating block) or oil
bath. Cool, transfer the hydrolysate to a centrifuge tube, and centrifuge. Some
suspended particles/gel are formed. Pass the supernatant solution through a 0.45-µm disc
filter. Wash the test tube and the centrifuge tube with two 5-mL portions of water, and
filter. Combine the washing filtrate with the filtered supernatant of the hydrolysate.
Transfer the combined clear filtrate to a 50-mL flask, and evaporate the solution to
dryness under reduced pressure. To the resulting residue add 0.2 mL of water and 1.8 mL
of methanol.

Chromatographic system  

(See Chromatography 621 , Thin Layer Chromatography.)
Mode:  TLC
Absorbent layer:  0.25-mm silica gel 60 F254

Application volume:  5 µL, as 9-mm bands, using an automated apparatus
Spray reagent:  Dissolve 3 g of phthalic acid and 0.3 g of aminohippuric acid in ethyl

alcohol, and dilute with ethyl alcohol to 100 mL.
Analysis 

Samples:  Standard solution and Sample solution 

Develop over a path of 15 cm. Spray with Spray reagent, and dry at 120  for 5 min.
Acceptance criteria:  The chromatogram from the Standard solution shows, in the lower

region, two clearly separated brownish or yellowish zones due to galactose and mannose,
in order of increasing RF value. The chromatogram from the Sample solution shows two
zones due to galactose and mannose.

ASSAY
•  Content of Galactomannans

Analysis:  Subtract from 100.0 the total percentages from the tests for Articles of
Botanical Origin, Total Ash; Acid-Insoluble Matter; Protein; and Loss on Drying.

Acceptance criteria:  NLT 66.0%

IMPURITIES

•  Arsenic, Method II 211 : NMT 3 µg/g

•  Lead 251
Analysis:  Prepare a Test Preparation as directed in the chapter, and use 10 mL of Diluted

Standard Lead Solution (10 µg of Pb) for the test.
Acceptance criteria:  NMT 10 µg/g

2S (NF32)
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•  Heavy Metals, Method II 231 : NMT 20 µg/g

SPECIFIC TESTS

•  Articles of Botanical Origin, Total Ash 561 : NMT 1.5%

Change to read:
•  Acid-Insoluble Matter

Sample:  1.5 g
Analysis:  Transfer the Sample to a 250-mL beaker containing 150 mL of water and 1.5 mL

of sulfuric acid. Cover the beaker with a watch glass, and heat the mixture on a steam
bath for 6 h, rubbing down the wall of the beaker frequently with a rubber-tipped stirring
rod, and replacing any water lost by evaporation. At the end of the 6 h heating period,
add 500 mg of a suitable filter aid, and pass through a suitable tared, ashless filter
add 500 mg, accurately weighed, of a filter aid, and pass through a tared, ashless filter.

Wash the residue several times with hot water, dry the filter and its contents at 105  for 3
h, cool in a desiccator, and weigh. Determine the amount of acid-insoluble matter by
subtracting the weight of the filter aid from that of the residue.

Acceptance criteria:  NMT 7.0%

Add the following:

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 :
The total aerobic microbial count does not exceed 104 cfu/g, and the total combined molds
and yeasts count does not exceed 102 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli. It is recommended that the enrichment
broth contain a 1% cellulase solution additive to optimize the recovery of Salmonella from
this material. 

•  Protein
Sample:  1.0 g
Analysis:  Transfer the Sample to a 500-mL Kjeldahl flask, and proceed as directed in

Nitrogen Determination 461 , Method I. Determine the percentage of nitrogen.
Calculate the amount of protein by multiplying the percentage of nitrogen by 6.25.

Acceptance criteria:  NMT 10.0%

Change to read:
•  Starch

Analysis:  To a solution
dispersion

(1 in 10) of Guar Gum add a few drops of iodine TS.
Acceptance criteria:  No blue color is produced.

•  Loss on Drying 731

Analysis:  Dry at 105  for 5 h.
Acceptance criteria:  NMT 15.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Add the following:

2S (NF32)
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Add the following:

•  USP Reference Standards 11
USP Galactose RS 
USP Mannose RS 

BRIEFING

Invert Sugar. Because there is no existing NF monograph for this excipient, a new monograph
is being proposed. The proposed new monograph is based in part on the corresponding
monographs for Invert Sugar in Food Chemical Codex (FCC), Eighth Edition, and for
Compressible Sugar, Confectioner's Sugar, and Sugar Spheres in NF, along with data and
methods received by USP. Differences between the FCC and NF monographs include:

1. The proposed monograph identifies two types of Invert Sugar: total Invert Sugar and
medium Invert Sugar, with specific content of invert sugar and total solids, rather
than manufactured to a customer specification as stated in the FCC Invert Sugar
monograph.

2. The HPLC method used in the Identification test A is based on the Assays in the NF
monographs for Compressible Sugar, Confectioner's Sugar, and Sugar Spheres.

3. The labeling section indicates the percentage of total solids and Invert Sugar.

The HPLC method is based on analyses performed with the Agilent Zorbax Carbohydrate brand
of L8 column and the retention time peak agreement using USP Fructose RS, USP Dextrose
RS, and USP Sucrose RS. The retention times for fructose, dextrose, and sucrose are
approximately 3.5, 4.4, and 7.3 min, respectively.

Interested parties are encouraged to submit comments on this proposed new monograph to
Galina Holloway (gvh@usp.org).

(EXC: G. Holloway.)
Correspondence Number—C130231

Comment deadline: November 30, 2013

Add the following:
Invert Sugar

Invert Sugar Syrup     [8013-17-0].

DEFINITION

Invert Sugar is an aqueous solution of inverted or partly inverted, refined or partly refined
sucrose containing dextrose (glucose), fructose, and sucrose. It is produced by the hydrolysis
or partial hydrolysis of sucrose with suitable acids or enzymes. Total Invert Sugar contains NLT
90.0% of dextrose and fructose, and medium Invert Sugar contains NLT 45.0% and NMT 55.0%
of dextrose and fructose, both calculated on the total solids basis.

IDENTIFICATION
•  A.

Mobile phase:  Acetonitrile and water (80:20, v/v)

2S (NF32)
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Standard solution:  10 mg/mL each of USP Fructose RS, USP Dextrose RS, and USP
Sucrose RS

Sample solution:  50 mg/mL of Invert Sugar
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  4.6-mm × 15-cm; 5-µm packing L8
Temperatures 

Column:  45

Detector:  40
Flow rate:  2.0 mL/min
Injection volume:  15 µL

Analysis 
Samples:   Standard solution and Sample solution
[Note—The relative retention times for fructose, dextrose, and sucrose are about 0.5,

0.6, and 1.0, respectively.]

Compare the retention times for frucose, dextrose, and sucrose given in the two
chromatograms.

Acceptance criteria:  The retention times of the fructose, dextrose, and sucrose peaks of
the Sample solution correspond to those of the Standard solution.

ASSAY
•  Procedure

Apparatus:  Mount a ring support on a ring stand 1–2 in above a gas burner and mount a
second ring 6–7 in above the first. Place a 6-in open-wire gauze on the lower ring to
support a 400-mL conical flask, and place a 4-in watch glass with a center hole on the
upper ring to deflect heat. Attach a 50-mL buret to the ring stand so that the tip just
passes through the watch glass centered above the flask. Place an indirectly lighted white
surface behind the assembly for observing the endpoint.

Sample solution:  2.5–4.0 mg/mL of Invert Sugar
Analysis:  Conduct a preliminary test to ascertain the volume of water to be added to the

20.0 mL of standardized alkaline cupric tartrate VS to obtain a final total volume of 75.0
mL when the endpoint of the titration is reached. The invert sugar content of the Sample
solution should be between 250 and 400 mg per 100.0 mL so that a titer between 25 and
40 mL is needed to achieve the endpoint. 
Calculate the amount of water to be added to the alkaline cupric tartrate VS as the
difference:

Result = 75.0  (20.0 mL of alkaline cupric tartrate VS + number of mL of preliminary titer)

Transfer 20.0 mL of alkaline cupric tartrate VS to a 400-mL flask containing a few glass
beads or boiling chips. Rapidly add the Sample solution to within 0.5 mL of the endpoint,
and mix by swirling at ambient temperature. Immediately place the flask on the wire gauze
of the Apparatus, and adjust the burner flame so that the boiling point of the solution is
reached in about 2 min. Boil gently but steadily for 2 min. As boiling continues, add 3–4
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drops of methylene blue solution (1 in 100). Complete the titration within 1 min by adding
the Sample solution dropwise until the blue color disappears. Allow a 5-s reaction time
between drops at the end of titration. 
Calculate the percentage of invert sugar in the sample taken:

P1 = [W/(CS × VS)] × 100

W= amount of invert sugar equivalent to 20.0 mL of alkaline cupric tartrate VS, 100 mg
CS= concentration of the Sample solution (mg/mL)
VS= volume of the Sample solution used in the titration (mL)

Calculate the percentage of invert sugar on the total solids basis:

P2 = (P1/D) × 100

D= percentage of total solids corrected for the percentage of invert sugar and temperature
as obtained in Total Solids

Acceptance criteria 
Total Invert Sugar:  NLT 90.0% of dextrose and fructose on the total solids basis
Medium Invert Sugar:  45.0%–55.0% of dextrose and fructose on the total solids basis

IMPURITIES

•  Residue on Ignition 281
Analysis:  Weigh a portion of Invert Sugar in a platinum dish. Heat gently until the sample

ignites, then allow the sample to burn until it self-extinguishes. Cool, then wet the residue
with 2 mL of concentrated sulfuric acid, and heat the sample over a low flame until dry.

Ignite to constant weight in a muffle furnace at 800 ± 25  for 30 min, or longer if
necessary for complete ignition; cool in a desiccator; and weigh.

Acceptance criteria:  NMT 0.2%

•  Heavy Metals 231 : NMT 10 µg/g

SPECIFIC TESTS

•  pH 791 : 3.0–5.5
•  Total Solids

Instrumental conditions  

(See Refractive Index 831 .)
Mode:  Refractometer, operating at 589 nm, equipped with a jacket for water circulation

or some other mechanism for maintaining the sample at 20 ± 0.1  or some other fixed
temperature. Before proceeding with measurements, ensure that the sample and the
prism have reached the equilibrium temperature and that the instrument has been
properly checked and calibrated against a standard provided by the manufacturer.

Analysis:  Measure the refractive index of Invert Sugar, and convert the value to the
approximate percentage of solids (uncorrected for invert sugar) by using Table 1. Correct
for invert sugar and temperature:

D = (S + T) + (P1 × F)

S= approximate percent solids determined from the refractive index table (see Table 1)
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T= temperature correction derived from the temperature correction table (see Table 2) if
the refractometer was operated at other than 20

P1= percentage of invert sugar determined as directed in the Assay
F= deWhalley factor, 0.022

Table 1a

Sucrose 
(g/100 g)b 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

56 1.4329 4332 4334 4336 4338 4340 4343 4345 4347 4349
57 1.4352 4354 4356 4358 4360 4363 4365 4367 4369 4372
58 1.4374 4376 4378 4380 4383 4385 4387 4389 4392 4394
59 1.4396 4398 4401 4403 4405 4407 4410 4412 4414 4417
60 1.4419 4421 4423 4426 4428 4430 4432 4435 4437 4439
61 1.4442 4444 4446 4448 4451 4453 4455 4458 4460 4462
62 1.4464 4467 4469 4471 4474 4476 4478 4481 4483 4485
63 1.4488 4490 4492 4495 4497 4499 4502 4504 4506 4509
64 1.4511 4513 4516 4518 4520 4523 4525 4527 4530 4532
65 1.4534 4537 4539 4541 4544 4546 4548 4551 4553 4556
66 1.4558 4560 4563 4565 4567 4570 4572 4575 4577 4579
67 1.4582 4584 4586 4589 4591 4594 4596 4598 4601 4603
68 1.4606 4608 4610 4613 4615 4618 4620 4623 4625 4627
69 1.4630 4632 4635 4637 4639 4642 4644 4647 4649 4652
70 1.4654 4657 4659 4661 4664 4666 4669 4671 4674 4676
71 1.4679 4681 4683 4686 4688 4691 4693 4696 4698 4701
72 1.4703 4706 4708 4711 4713 4716 4718 4721 4723 4726
73 1.4728 4730 4733 4735 4738 4740 4743 4745 4748 4750
74 1.4753 4756 4758 4761 4763 4766 4768 4771 4773 4776
75 1.4778 4781 4783 4786 4788 4791 4793 4796 4798 4801
76 1.4804 4806 4809 4811 4814 4816 4819 4821 4824 4826
77 1.4829 4832 4834 4837 4839 4842 4844 4847 4850 4852
78 1.4855 4857 4860 4862 4865 4868 4870 4873 4875 4878
79 1.4881 4883 4886 4888 4891 4894 4896 4899 4901 4904
80 1.4907 4909 4912 4914 4917 4920 4922 4925 4928 4930
81 1.4933 4935 4938 4941 4943 4946 4949 4951 4954 4957
82 1.4959 4962 4964 4967 4970 4972 4975 4978 4980 4983
83 1.4986 4988 4991 4994 4996 4999 5002 5004 5007 5010
84 1.5012 5015 5018 5020 5023 5026 5029 5031 5034 5037
85 1.5039 — — — — — — — — —
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a  Source:“International Refractive Index Scale of ICUMSA (1974) for Pure Sucrose

Solutions at 20 C and 589 nm.” Adapted from “Refractometry and Tables—Official”
(ICUMSA SPS-3 1994), International Commission for Uniform Methods of Sugar Analysis
(ICUMSA), c/o British Sugar Technical Centre, Colney, Norwich NR4 7UB, England. No
rounding has been carried out; therefore, values given may be too low by a maximum of 1
× 10–4. 

b  The refractive index of sugar solutions is used as a rapid method for the approximate
determination of dry substance content. For the determination of dry substance content
in aqueous solutions of mixtures of sucrose and invert sugar the Refractive Index Scale
for Pure Sucrose Solutions is typically used. The sucrose content is considered to be an
equivalent to the approximate dry substance content. 

Table 2a

Temperature ( C)

Measured Sucrose (% solids)

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Subtract from the measured value

15 0.29 0.30 0.32 0.33 0.34 0.35 0.36 0.37 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.37 0.37

16 0.24 0.25 0.26 0.27 0.28 0.28 0.29 0.30 0.30 0.30 0.31 0.31 0.31 0.31 0.31 0.30 0.30 0.30

17 0.18 0.19 0.20 0.20 0.21 0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.22

18 0.12 0.13 0.13 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15

19 0.06 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07

Add to the measured value

21 0.06 0.07 0.07 0.07 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.07

22 0.13 0.14 0.14 0.14 0.15 0.15 0.15 0.15 0.16 0.16 0.16 0.16 0.16 0.16 0.15 0.15 0.15 0.15

23 0.20 0.21 0.21 0.22 0.22 0.23 0.23 0.23 0.23 0.24 0.24 0.24 0.24 0.23 0.23 0.23 0.23 0.22

24 0.27 0.28 0.29 0.29 0.30 0.30 0.31 0.31 0.31 0.32 0.32 0.32 0.32 0.31 0.31 0.31 0.30 0.30

25 0.34 0.35 0.36 0.37 0.38 0.38 0.39 0.39 0.40 0.40 0.40 0.40 0.40 0.39 0.39 0.38 0.38 0.37

26 0.42 0.43 0.44 0.45 0.46 0.46 0.47 0.47 0.48 0.48 0.48 0.48 0.48 0.47 0.47 0.46 0.46 0.45

27 0.50 0.51 0.52 0.53 0.54 0.55 0.55 0.56 0.56 0.56 0.56 0.56 0.56 0.55 0.55 0.54 0.53 0.52

28 0.58 0.59 0.60 0.61 0.62 0.63 0.64 0.64 0.64 0.65 0.65 0.64 0.64 0.63 0.63 0.62 0.61 0.60

29 0.66 0.67 0.68 0.70 0.71 0.71 0.72 0.73 0.73 0.73 0.73 0.73 0.72 0.72 0.71 0.70 0.69 0.67

30 0.74 0.76 0.77 0.78 0.79 0.80 0.81 0.81 0.82 0.82 0.81 0.81 0.80 0.80 0.79 0.78 0.76 0.75

31 0.83 0.84 0.85 0.87 0.88 0.89 0.89 0.90 0.90 0.90 0.90 0.89 0.89 0.88 0.87 0.86 0.84 0.82

32 0.92 0.93 0.94 0.96 0.97 0.98 0.98 0.99 0.99 0.99 0.99 0.98 0.97 0.96 0.95 0.93 0.92 0.90

33 1.01 1.02 1.03 1.05 1.06 1.07 1.07 1.08 1.08 1.08 1.07 1.07 1.06 1.04 1.03 1.01 1.00 0.98

34 1.10 1.11 1.13 1.14 1.15 1.16 1.16 1.17 1.17 1.16 1.16 1.15 1.14 1.13 1.11 1.09 1.07 1.05

35 1.19 1.21 1.22 1.23 1.24 1.25 1.25 1.26 1.26 1.25 1.25 1.24 1.23 1.21 1.19 1.17 1.15 1.13

36 1.29 1.30 1.31 1.33 1.34 1.34 1.35 1.35 1.35 1.34 1.34 1.33 1.31 1.29 1.28 1.25 1.23 1.20

37 1.39 1.40 1.41 1.42 1.43 1.44 1.44 1.44 1.44 1.43 1.43 1.41 1.40 1.38 1.36 1.33 1.31 1.28

38 1.49 1.50 1.51 1.52 1.53 1.53 1.54 1.54 1.53 1.53 1.52 1.50 1.48 1.46 1.44 1.42 1.39 1.36

39 1.59 1.60 1.61 1.62 1.63 1.63 1.63 1.63 1.63 1.62 1.61 1.59 1.57 1.55 1.52 1.50 1.47 1.43

40 1.69 1.70 1.71 1.72 1.73 1.73 1.73 1.73 1.72 1.71 1.70 1.68 1.66 1.63 1.61 1.58 1.54 1.51

a  Source: Adapted from “Refractometry and Tables—Official” (ICUMSA SPS-3 1994), International Commission for Uniform Methods of Sugar Analysis (ICUMSA), c/o
British Sugar Technical Centre, Colney, Norwich NR4 7UB, England. 

Acceptance criteria 
Total Invert Sugar:  71.7%–77.3%
Medium Invert Sugar:  76.2%–77.2%

ADDITIONAL REQUIREMENTS
•  Labeling: Label to indicate the percentage of total solids and Invert Sugar.
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Dextrose RS 
USP Fructose RS 
USP Sucrose RS 

2S (NF32)
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BRIEFING

Isopropyl Myristate, NF 31 page 2054. As part of the USP monograph modernization effort, it
is proposed to replace the current packed column gas chromatographic (GC) Assay with a
capillary GC method. The proposed method is based on analysis performed with the DB-5
brand of G27 column. The isopropyl myristate and isopropyl palmitate peaks elute at
approximately 8.5 and 11.5 min, respectively.

(EXC: G. Holloway.)
Correspondence Number—C119450

Comment deadline: November 30, 2013
Isopropyl Myristate

C17H34O2       270.45 

Tetradecanoic acid, 1-methylethyl ester;     
Isopropyl myristate     [110-27-0].

DEFINITION

Isopropyl Myristate consists of esters of isopropyl alcohol and saturated high molecular weight
fatty acids, principally myristic acid. It contains NLT 90.0% of isopropyl myristate (C17H34O2).

IDENTIFICATION
•  A. The retention times of the major peaks of the Sample solution correspond to those of the

System suitability solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

System suitability solution:  4.5 mg/mL of USP Isopropyl Myristate RS and 0.5 mg/mL of
USP Isopropyl Palmitate RS in n-hexane

Sample solution:  5 mg/mL of Isopropyl Myristate in n-hexane
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m; packed with 10% liquid phase G8 on 100- to 120-mesh support

S1A
Temperatures 

Injection port:  240
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Detector:  280
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature 

( )

Hold Time at Final Temperature
(min)

90 2 210 8
Carrier gas:  Nitrogen
Flow rate:  45 mL/min
Injection volume:  5 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for isopropyl myristate and isopropyl palmitate are 1.0

and 1.3, respectively.]
Suitability requirements 

Resolution:  NLT 6.0 between the peaks due to isopropyl myristate and isopropyl
palmitate

Tailing factor:  NMT 2 for the isopropyl palmitate peak
Relative standard deviation:  NMT 2.0%

Analysis 
Sample:  Sample solution

Calculate the percentage of isopropyl myristate (C17H34O2) in the portion of Isopropyl
Myristate taken:

Result = (rU/rT) × 100

rU= peak response for isopropyl myristate
rT= sum of the responses of all the peaks, except the solvent peak

 
System suitability solution:  5.0 mg/mL of USP Isopropyl Myristate RS and 0.5 mg/mL of

USP Isopropyl Palmitate RS in n-hexane
Sample solution:  5.0 mg/mL of Isopropyl Myristate in n-hexane
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 15-m fused silica coated with a 1.0-µm layer of stationary phase

G27
Temperatures 

Injection port:  240

Detector:  280
Column:  See Table 1.

Table 1
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Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

150 — 150 1
150 6 230 8

Carrier gas:  Helium
Flow rate:  1.5 mL/min
Injection volume:  2.0 µL
Injection type:  Split injection, split ratio 10:1
Run time:  22 min

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for isopropyl myristate and isopropyl palmitate are 1.0

and 1.3, respectively.]
Suitability requirements 

Resolution:  NLT 6.0 between the isopropyl myristate and isopropyl palmitate peaks
Tailing factor:  NMT 2 for the isopropyl myristate peak
Relative standard deviation:  NMT 2.0%

Analysis 
Sample:  Sample solution

Calculate the percentage of isopropyl myristate (C17H34O2) in the portion of Isopropyl
Myristate taken:

Result = (rU/rT) × 100

rU= peak area of isopropyl myristate
rT= sum of the peak areas of all the peaks, except the solvent peak

Acceptance criteria:  NLT 90.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

SPECIFIC TESTS

•  Specific Gravity 841 : 0.846–0.854

•  Refractive Index 831 : 1.432–1.436 at 20

•  Fats and Fixed Oils, Acid Value 401 : NMT 1

•  Fats and Fixed Oils, Iodine Value 401 : NMT 1

•  Fats and Fixed Oils, Saponification Value 401 : 202–212

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11

2S (NF32)
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USP Isopropyl Myristate RS 
USP Isopropyl Palmitate RS 

BRIEFING

Hydrogenated Lanolin. Because there is no existing NF monograph for this excipient, a new
monograph is being proposed. The test procedure used for Chromatographic Profile of Fatty
Alcohols, Hydrocarbons, and Sterols is based on a GC method of analysis performed using
the Agilent DB-1 brand of G2 column. The typical retention times for cetyl alcohol, stearyl
alcohol, cholestane, cholestanol, and 24,25-dihydrolanosterol are about 24.9, 28.7, 40.7,
44.0, and 46.1 min, respectively.

(EXC: H. Wang.)
Correspondence Number—C126038

Comment deadline: November 30, 2013

Add the following:
Hydrogenated Lanolin

[8031-44-5].

DEFINITION

A mixture of higher aliphatic alcohols, hydrocarbons, and sterols is obtained from the direct
high-pressure, high-temperature hydrogenation of lanolin. During the hydrogenation process,
the esters and acids present are reduced to the corresponding alcohols. Alcoholic derivatives
may be further reduced to hydrocarbons. It may contain antioxidants.

IDENTIFICATION
•  A.

Sample:  50 mg
Analysis:  Dissolve the Sample in 5 mL of methylene chloride, and add 1 mL of acetic

anhydride and 0.1 mL of sulfuric acid.
Acceptance criteria:  A green color is produced.

•  B. The retention times of the cetyl alcohol, stearyl alcohol, cholestane, cholestanol, and
24,25-dihydrolanosterol peaks of the Sample solution correspond to those of Standard
solution A, as obtained in the test for Chromatographic Profile of Fatty Alcohols,
Hydrocarbons, and Sterols in the Assay.

ASSAY
•  Chromatographic Profile of Fatty Alcohols, Hydrocarbons, and Sterols

Standard solution A:  2.5 mg/mL of USP Hydrogenated Lanolin RS in dehydrated alcohol
Standard solution B:  0.5 mg/mL of cholestane, 0.5 mg/mL of cholestanol, and 0.25 mg/mL

of 24,25-dihydrolanosterol in dehydrated alcohol
Standard solution C:  0.5 mg/mL of USP Cetyl Alcohol RS and 0.5 mg/mL of USP Stearyl

Alcohol RS in dehydrated alcohol
Sample solution:  2.5 mg/mL of Hydrogenated Lanolin in dehydrated alcohol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
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Detector:  Flame ionization
Column:  0.25-mm × 30-m fused-silica capillary; 0.25-µm layer of phase G2
Temperatures 

Detector:  350

Injection port:  325
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

100 — 100 5
100 5 300 15

Carrier gas:  Helium
Flow rate:  1 mL/min
Injection volume:  1 µL

System suitability 
Samples:  Standard solution A, Standard solution B, and Standard solution C
[Note—See Table 2 for relative retention times.]

Table 2

Component

Relative
Retention

Time

Cetyl alcohol 1.00
Stearyl alcohol 1.15
Cholestane 1.63
Cholestanol 1.77
24,25-Dihydrolanosterol 1.85

System suitability requirements 
Resolution:  NLT 30 between cetyl alcohol and stearyl alcohol, Standard solution A and

Standard solution C
Analysis 

Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample
solution

Identify the peaks from Standard solution A, Standard solution B, and Standard solution C.
Calculate the percentage of cetyl alcohol (stearyl alcohol, cholestane, cholestanol, or
24,25-dihydrolanosterol) in the portion of Hydrogenated Lanolin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of cetyl alcohol (stearyl alcohol, cholestane, cholestanol, or 24,25-
dihydrolanosterol) from the Sample solution

rS= peak response of cetyl alcohol (stearyl alcohol, cholestane, cholestanol, or 24,25-
dihydrolanosterol) from Standard solution C or Standard solution B
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CS= concentration of USP Cetyl Alcohol RS (USP Stearyl Alcohol RS, cholestane,
cholestanol, or 24,25-dihydrolanosterol) in Standard solution C or Standard solution B
(mg/mL)

CU= concentration of Hydrogenated Lanolin in the Sample solution (mg/mL)

Acceptance criteria 
Sample solution:  Chromatogram exhibits a profile similar to that in the chromatogram of

Standard solution A.
Cetyl alcohol, stearyl alcohol, cholestane, cholestanol, and 24,25-

dihydrolanosterol:  See Table 3.

Table 3

Name
Acceptance
Criteria (%)

Cetyl alcohol 2–15
Stearyl alcohol 0.5–10
Cholestane 2–13
Cholestanol 3–11
24,25-Dihydrolanosterol 3–15

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 10 µg/g

•  Residue on Ignition 281 : NMT 0.1%, determined on 5.0 g

SPECIFIC TESTS

•  Melting Range or Temperature 741 : 45 –55 . Allow to stand at 20  for 16 h.

•  Fats and Fixed Oils, Acid Value 401 : NMT 1.0, determined on 5.0 g

•  Fats and Fixed Oils, Hydroxyl Value 401 : 140–180

•  Fats and Fixed Oils, Saponification Value 401 : NMT 8.0. Heat under reflux for 4 h.

•  Loss on Drying 731
Sample:  2.0 g

Analysis:  Dry the Sample in an oven at 105  for 1 h.
Acceptance criteria:  NMT 3.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light. Do not

store above 45 .
•  Labeling: Label it to indicate the name and amount of the antioxidant added.

•  USP Reference Standards 11
USP Cetyl Alcohol RS 
USP Hydrogenated Lanolin RS
USP Stearyl Alcohol RS 

BRIEFING
2S (NF32)
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Methylparaben Sodium, NF 31 page 2098. As part of the USP monograph modernization
effort, it is proposed to make the following changes:

1. Add a chemical structure, CAS number, molecular weight, and three chemical names.
2. Replace the titration Assay with an HPLC method. The proposed method is based on

analysis performed with the YMC-Pack Pro C18 brand of L1 column. The p-
hydroxybenzoic acid and methylparaben peaks elute at approximately 1.5 and 2.2
min, respectively.

3. In the Definition, revise the acceptance criteria from “NLT 98.5% and NMT 101.5%” to
“NLT 95.0% and NMT 102.0%”. The upper limit of the Assay acceptance criteria
range is widened to account for the performance of the HPLC method. The lower limit
is widened due to the impurity content.

4. Add a Related Compounds test that employs the same HPLC method as in the Assay.

(EXC: G. Holloway.)
Correspondence Number—C126504

Comment deadline: November 30, 2013
Methylparaben Sodium

Add the following:

C8H7NaO3       174.13 

4-Hydroxybenzoic acid methyl ester, sodium salt;     
Methyl p-hydroxybenzoate, sodium salt;     
Sodium 4-methoxycarbonylphenolate     [5026-62-0].

DEFINITION

Change to read:

Methylparaben Sodium contains NLT 98.5% and NMT 101.5%
NLT 95.0% and NMT 102.0%

of methylparaben sodium (C8H7NaO3), calculated on the anhydrous basis.

IDENTIFICATION
•  A.

Standard:  0.5 g of USP Methylparaben RS
Sample:  0.5 g

2S (NF32)

2S (NF32)
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Analysis:  Dissolve the Sample in 5 mL of water. Acidify with hydrochloric acid, and filter
the resulting precipitate. Wash the precipitate with water, and dry it over silica gel for 5
h. Repeat with the Standard.

Acceptance criteria:  The IR absorption spectrum of a mineral oil dispersion of the Sample
exhibits maxima only at the same wavelengths as those of a similar preparation of the
Standard.

•  B.
Sample solution:  Ignite 0.3 g of Methylparaben Sodium, cool, and dissolve the residue in

about 3 mL of 3 N hydrochloric acid.
Acceptance criteria:  A platinum wire dipped in the Sample solution imparts an intense,

persistent yellow color to a nonluminous flame.

ASSAY

Change to read:
•  Procedure

Sample:  100 mg
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Residual titration
Titrant:  0.1 N sodium thiosulfate VS
Endpoint detection:  Visual

Analysis:  Gently reflux the Sample with 30 mL of 1 N sodium hydroxide for 30 min. Cool,
add 25.0 mL of potassium bromate solution (5.56 mg/mL), 5 mL of potassium bromide
solution (125 mg/mL), and 10 mL of hydrochloric acid, and immediately insert the stopper
into the flask. Cool, shake for 15 min, and allow to stand for 15 min. Quickly add 15 mL of
potassium iodide TS, taking care to avoid the escape of bromine vapor, at once replace
the stopper in the flask, and shake vigorously. Rinse the stopper and the neck of the
flask with a small quantity of water. Titrate the liberated iodine with Titrant, adding 3 mL
of starch TS as the endpoint is approached. [Note—About 15 mL of Titrant is needed.]

Perform a blank determination, and note the difference in volumes required. Each mL of the
difference in volume of Titrant is equivalent to 2.902 mg of methylparaben sodium
(C8H7NaO3).

Acceptance criteria:  98.5%–101.5% on the anhydrous basis
Mobile phase:  Methanol and a 6.8 g/L solution of potassium dihydrogen phosphate
(65:35, v/v)
System suitability solution:  5.0 µg/mL each of p-hydroxybenzoic acid and USP

Methylparaben RS in Mobile phase
Standard solution:  Dissolve 50.0 mg of USP Methylparaben RS in 2.5 mL of methanol,

and dilute with Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution with Mobile
phase to 100.0 mL.

Sample solution:  Dissolve 50.0 mg of Methylparaben Sodium in 2.5 mL of methanol, and
dilute with Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution with Mobile phase to
100.0 mL.

Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 272 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.3 mL/min
Injection volume:  10 µL
Run time:  About 5 times the retention time of the methylparaben peak

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The retention time for methylparaben is about 2.2 min; the relative retention

times for p-hydroxybenzoic acid and methylparaben are about 0.7 and 1.0,
respectively.]

Suitability requirements 
Resolution:  NLT 2.0 between the p-hydroxybenzoic acid and methylparaben peaks,

System suitability solution
Relative standard deviation:  NMT 0.85% for six injections, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methylparaben sodium (C8H7NaO3) in the portion of
Methylparaben Sodium taken:

Result = P × (rU × CS)/(rS × CU) × (Mr1/Mr2)

P = labeled purity of USP Methylparaben RS expressed as a percentage
rU= peak area of methylparaben from the Sample solution
CS= concentration of methylparaben in the Standard solution
rS = peak area of methylparaben from the Standard solution
CU= concentration of Methylparaben Sodium in the Sample solution
Mr1= molecular weight of methylparaben sodium, 174.13
Mr2= molecular weight of methylparaben, 152.15

Acceptance criteria:  95.0%–102.0% on the anhydrous basis

IMPURITIES

Add the following:
•  Related Compounds

Mobile phase, System suitability solution, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.

Standard solution:  Dilute 1.0 mL of the Sample solution with Mobile phase to 20.0 mL.
Dilute 1.0 mL of this solution with Mobile phase to 10.0 mL.

System suitability 
Sample:  System suitability solution
[Note—The retention time for methylparaben is about 2.2 min; the relative retention times

for p-hydroxybenzoic acid and methylparaben are about 0.7 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between the p-hydroxybenzoic acid and methylparaben peaks

2S (NF32)
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Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria 
p-Hydroxybenzoic acid:  NMT 3.0%; the peak area in the Sample solution, multiplied by

1.4 to correct for the calculation of content, is NMT the area of the principal peak in the
Standard solution.

Unspecified impurities:  NMT 0.5%; the peak area of each impurity in the Sample
solution is NMT the area of the principal peak in the Standard solution.

Total impurities:  NMT 1.0%; the total peak area for all unspecified impurities in the
Sample solution is NMT twice the area of the principal peak in the Standard solution.

•  Chloride and Sulfate, Chloride 221
Sample:  0.2 g
Control:  0.10 mL of 0.020 N hydrochloric acid
Acceptance criteria:  0.035%; the Sample shows no more chloride than the Control.

•  Chloride and Sulfate, Sulfate 221
Sample:  0.25 g
Control:  0.30 mL of 0.020 N sulfuric acid
Acceptance criteria:  0.12%; the Sample shows no more sulfate than the Control.

SPECIFIC TESTS

•  Completeness of Solution 641
Sample solution:  1 g of Methylparaben Sodium dissolved in water
Acceptance criteria:  Meets the requirements

•  pH 791
Sample solution:  1 mg/mL
Acceptance criteria:  9.5–10.5

•  Water Determination, Method I 921 : NMT 5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Methylparaben RS 

BRIEFING

Polysorbate 80, NF 31 page 2163. As part of the USP monograph modernization effort, it is

proposed to add an Identification section to the monograph using an Infrared Absorption 

197F  test.

(EXC: K. Moore.)
Correspondence Number—C134275

Comment deadline: November 30, 2013
Polysorbate 80

Change to read:

2S (NF32)
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Attributes EP JP USP

Definition + + +
Identification (Composition of Fatty Acids) + + +
Acid Value + + +
Hydroxyl Value + + +
Peroxide Value + + +
Saponification Value + + +
Composition of Fatty Acids + + +
Ethylene Oxide and Dioxane + + +
Water + + +
Residue on Ignition + + +
Storage + + +

Legend: + will adopt and implement;  will not stipulate

Nonharmonized attributes: Characters, Identification by IR (EP), Heavy Metals (USP)

Each pharmacopeia will adapt the text to take account of local reference substances and
spectra and reagent specifications.

Portions of the monograph text that are national USP text, and are not part of the harmonized

text, are marked with symbols ( ) to specify this fact.

Sorbitan, mono-9-octadecenoate, poly(oxy-1,2-ethanediyl) derivs., (Z)-;     
Polyoxyethylene 20 sorbitan monooleate     [9005-65-6].

DEFINITION

Polysorbate 80 is a mixture of partial esters of fatty acids, mainly oleic acid, with sorbitol and
its anhydrides ethoxylated with approximately 20 moles of ethylene oxide for each mole of
sorbitol and sorbitol anhydrides.

IDENTIFICATION

Change to read:
•  

A.
It meets the requirements of the test for Composition of Fatty Acids.

Add the following:

•  B. Infrared Absorption 197F  

ASSAY
•  Composition of Fatty Acids

Diluent:  20 g/L of sodium hydroxide in methanol
Saturated sodium chloride solution:  Sodium chloride and water (1:2). Before use, decant

2S (NF32)

2S (NF32)

2S (NF32)
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the solution from any undissolved substance and filter, if necessary.
Reference solution A:  Prepare 0.50 g of the mixture of calibrating substances with the

composition described in Table 1. Dissolve in heptane, and dilute with heptane to 50.0 mL.
Reference solution B:  Reference solution A in heptane (1 in 10)
Reference solution C:  Prepare 0.50 g of a mixture of fatty acid methyl esters, which

corresponds to the composition of the substance to be examined. Dissolve in heptane,
and dilute with heptane to 50.0 mL. [Note—Commercially available mixtures of fatty acid
methyl esters may also be used.]

Sample solution:  Dissolve 0.10 g of Polysorbate 80 in 2 mL of Diluent in a 25-mL conical
flask, and boil under a reflux condenser for 30 min. Add 2.0 mL of 14% boron trifluoride–
methanol through the condenser, and boil for 30 min. Add 4 mL of heptane through the
condenser, and boil for 5 min. Cool, and add 10.0 mL of Saturated sodium chloride
solution, shake for about 15 s, and add a quantity of Saturated sodium chloride solution
such that the upper phase is brought into the neck of the flask. Collect 2 mL of the upper
phase, wash with three quantities, each of 2 mL, of water, and dry over anhydrous
sodium sulfate.

Table 1

Mixture of the Following
Substances

Composition
(%)

Methyl myristate 5
Methyl palmitate 10
Methyl stearate 15
Methyl arachidate 20
Methyl oleate 20
Methyl eicosenoate 10
Methyl behenate 10
Methyl lignocerate 10

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m G16 on fused silica, film thickness 0.5 µm
Temperatures 

Injection port:  250

Detector:  250
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

80 10 220 —
220 — 220 40

Carrier gas:  Helium
Linear velocity:  50 cm/s
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Injection volume:  1 µL
System suitability 

Samples:  Reference solution A and Reference solution B
Suitability requirements 

Resolution:  NLT 1.8 between the peaks due to methyl oleate and methyl stearate,
Reference solution A

Signal-to-noise ratio:  NLT 5 for the peak of methyl myristate, Reference solution B
Theoretical plates:  NLT 30,000 calculated for the peak of methyl stearate,

Reference solution A
Analysis 

Sample:  Sample solution

Identify the peaks from Reference solution C. Calculate the percentage of each
component in the Sample solution:

Result = (AC/AT) × 100

AC= peak area for the component of interest
AT= total area of all peaks related to fatty acids

Acceptance criteria:  See Table 3.

Table 3

Name

Acceptance
Criteria, NMT

(%)

Myristic acid 5.0
Palmitic acid 16.0
Palmitoleic acid 8.0
Stearic acid 6.0
Oleic acid 58.0
Linoleic acid 18.0
Linolenic acid 4.0

IMPURITIES
•  Residue on Ignition

Sample:  2.00 g
Analysis:  Heat a silica or platinum crucible to redness for 30 min, allow to cool in a

desiccator, and weigh. Evenly distribute the Sample in the crucible. Dry at 100 –105  for

1 h and ignite to constant mass in a muffle furnace at 600 ± 25 , allowing the crucible to
cool in a desiccator after each ignition. Flames should not be produced at any time during
the procedure. If after prolonged ignition the ash still contains black particles, take up
with hot water, pass through an ashless filter paper, and ignite the residue and the filter
paper. Combine the filtrate with the ash, carefully evaporate to dryness, and ignite to
constant mass.

Acceptance criteria:  NMT 0.25%

Change to read:
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•  

Heavy Metals, Method II 231 : NMT 10 ppm

•  Ethylene Oxide and Dioxane
Ethylene oxide standard solution:  Dilute 0.5 mL of a commercially available solution of

ethylene oxide in methylene chloride (50 mg/mL) with water to 50.0 mL. [Note—The
solution is stable for 3 months, if stored in vials with a teflon-coated, silicon membrane

and crimped caps at 20 .] Allow to reach room temperature. Dilute 1.0 mL of this
solution with water to 250.0 mL.

Dioxane standard solution:  Dioxane in water (v/v) 1 in 20,000
Acetaldehyde standard solution:  0.01 mg/mL of acetaldehyde in water
Standard solution:  Dilute 6.0 mL of Ethylene oxide standard solution and 2.5 mL of

Dioxane standard solution with water to 25.0 mL.
Sample solution A:  Transfer 1.0 g of Polysorbate 80 to a 10-mL headspace vial. Add 2.0

mL of water, and seal the vial immediately with a teflon-coated, silicon membrane and an
aluminum cap.

Sample solution B:  Transfer 1.0 g of Polysorbate 80 to a 10-mL headspace vial. Add 2.0
mL of Standard solution, and seal the vial immediately with a teflon-coated, silicon
membrane and an aluminum cap.

Reference solution:  Introduce 2.0 mL of Acetaldehyde standard solution and 2.0 mL of
Ethylene oxide standard solution to a 10-mL headspace vial, and seal the vial immediately
with a teflon-coated, silicon membrane and an aluminum cap.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  Headspace GC
Detector:  Flame ionization
Column:1  0.53-mm × 50-m G27 on fused silica, film thickness 5 µm
Temperatures 

Injection port:  85

Detector:  250
Column:  See Table 4.

Table 4

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 10 250 —
250 — 250 5

Split ratio:  3.5: 1
Carrier gas:  Helium
Flow rate:  4.0 mL/min
Injection volume:  1 mL

System suitability 
Sample:  Reference solution

2S (NF32)

2S (NF32)
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[Note—The relative retention times for ethylene oxide, acetaldehyde, and dioxane are 1.0,
0.9, and 1.9, respectively. The retention time for ethylene oxide is about 6.5 min.]

Suitability requirements 
Resolution:  NLT 2.0 between the peaks due to acetaldehyde and ethylene oxide

Analysis 
Samples:  Sample solution A and Sample solution B

Calculate the content of ethylene oxide:

Result = (2 × CEO × AA)/(AB  AA)

CEO = concentration of ethylene oxide in Sample solution B (µg/mL)
AA = peak area of ethylene oxide from Sample solution A
AB = peak area of ethylene oxide from Sample solution B

Calculate the content of dioxane:

Result = (2 × D × CD × AA¢)/(AB¢  AA¢)

D= density of dioxane, 1.03 g/mL
CD= concentration of dioxane in Sample solution B (µL/mL)
AA¢= peak area of dioxane from Sample solution A
AB¢= peak area of dioxane from Sample solution B

Acceptance criteria:  NMT 1 ppm for ethylene oxide; NMT 10 ppm for dioxane

SPECIFIC TESTS

Change to read:
•  

Specific Gravity 841 : 1.06–1.09

Change to read:
•  

Viscosity—Capillary Viscometer Methods 911  and Rotational Rheometer Methods 

912 : 300–500 centistokes at 25

Change to read:

•  Fats and Fixed Oils, Acid Value 401
Sample solution:  Dissolve 5.0 g in 50 mL of a mixture of equal volumes of alcohol and

hexane (previously neutralized with 0.1 N potassium hydroxide or 0.1 N sodium hydroxide),
using 0.5 mL of
phenolphthalein TS

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

(ERR 1-Jul-2012)
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as indicator. If necessary, heat to about 90  to dissolve the substance to be examined.
Analysis:  Titrate the Sample solution with 0.1 N potassium hydroxide or 0.1 N sodium

hydroxide until the pink color persists for at least 15 s. When heating has been applied to

aid dissolution, maintain the temperature at about 90  during the titration.
Acceptance criteria:  NMT 2.0

Change to read:

•  Fats and Fixed Oils, Hydroxyl Value 401
Sample:  2.0 g
Analysis:  Introduce the Sample into a 150-mL acetylation flask fitted with an air

condenser. Add 5.0 mL of Pyridine–Acetic Anhydride Reagent, and attach the air
condenser. Heat the flask in a water bath for 1 h keeping the level of the water about 2.5
cm above the level of the liquid in the flask. Withdraw the flask, and allow to cool. Add 5
mL of water through the upper end of the condenser. If a cloudiness appears, add
sufficient pyridine to clear it, noting the volume added. Shake the flask, and replace in the
water bath for 10 min. Withdraw the flask, and allow to cool. Rinse the condenser and the
walls of the flask with 5 mL of alcohol, previously neutralized with
phenolphthalein TS.

Titrate with
0.5 N alcoholic potassium hydroxide VS

using 0.2 mL of
phenolphthalein TS

as indicator. Carry out a blank test under the same conditions.
Acceptance criteria:  65–80

Change to read:

•  Fats and Fixed Oils, Peroxide Value 401
Sample:  10.0 g
Saturated potassium iodide solution:  Prepare a saturated solution of potassium iodide in

carbon dioxide-free water. Make sure the solution remains saturated as indicated by the
presence of undissolved crystals.

Analysis:  Introduce the Sample into a 100-mL beaker, and dissolve with 20 mL of glacial
acetic acid. Add 1 mL of Saturated potassium iodide solution, and allow to stand for 1
min. Add 50 mL of carbon dioxide-free water and a magnetic stirring bar. Titrate with
0.01 M sodium thiosulfate VS,

determining the endpoint potentiometrically. Carry out a blank titration.
Acceptance criteria:  NMT 10

Change to read:

•  Fats and Fixed Oils, Saponification Value 401
Sample:  4.0 g
Analysis:  Introduce the Sample into a 250-mL borosilicate glass flask fitted with a reflux

condenser. Add 30.0 mL of
0.5 N alcoholic potassium hydroxide VS

and a few glass beads. Attach the condenser, and heat under reflux for 60 min. Add 1 mL of
phenolphthalein TS and 50 mL of dehydrated alcohol, and titrate immediately with 0.5 N
hydrochloric acid. Carry out a blank test under the same conditions.

(ERR 1-Jul-2012)

(ERR 1-Dec-2012)

(ERR 1-Jul-2012)

(ERR 1-Dec-2012)

(ERR 1-Dec-2012)
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Acceptance criteria:  45–55

•  Water Determination, Method I 921 : NMT 3.0%, determined on 1.0 g

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in an airtight container, protected from light.

Change to read:
•  

USP Reference Standards 11
USP Polysorbate 80 RS

1  CP-Sil 8 CB is suitable.

BRIEFING

Propylparaben Sodium, NF 31 page 2183. As part of the USP monograph modernization effort,
it is proposed to make the following changes:

1. Add a chemical structure, CAS number, molecular weight, and three chemical names.
2. Replace the titration Assay with an HPLC method. The proposed method is based on

analysis performed with the YMC-Pack Rro C18 brand of L1 column. The p-
hydroxybenzoic acid, ethylparaben, and propylparaben peaks elute at approximately
1.5, 2.8, and 4.0 min, respectively.

3. In the Definition, revise the acceptance criteria from “NLT 98.5% and NMT 101.5%” to
“NLT 94.0% and NMT 102.0%”. The upper limit of the Assay acceptance criteria
range is widened to account for the performance of the HPLC method. The lower limit
is widened due to the impurity content.

4. Add a Related Compounds test that employs the same HPLC method as in the Assay.
5. Add USP Ethylparaben RS to the USP Reference Standards section.

(EXC: G. Holloway.)
Correspondence Number—C126500

Comment deadline: November 30, 2013
Propylparaben Sodium

Add the following:

2S (NF32)

2S (NF32)
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C10H11NaO3       202.20 

4-Hydroxybenzoic acid propyl ester, sodium salt; propyl p-hydroxybenzoate, sodium salt;
sodium 4-propoxycarbonylphenolate     [35285-69-9].

DEFINITION

Change to read:

Propylparaben Sodium contains NLT 98.5% and NMT 101.5%
NLT 94.0% and NMT 102.0%

of propylparaben sodium (C10H11NaO3), calculated on the anhydrous basis.

IDENTIFICATION
•  A.

Standard:  0.5 g of USP Propylparaben RS
Sample:  0.5 g
Analysis:  Dissolve the Sample in 5 mL of water. Acidify with hydrochloric acid, and filter

the resulting precipitate. Wash the precipitate with water, and dry over silica gel for 5 h.
Repeat with the Standard.

Acceptance criteria:  The IR absorption spectrum of a mineral oil dispersion of the Sample
exhibits maxima only at the same wavelengths as those of a mineral oil dispersion of the
Standard.

•  B.
Sample solution:  Ignite 0.3 g of Propylparaben Sodium, cool, and dissolve the residue in 3

mL of 3 N hydrochloric acid.
Acceptance criteria:  A platinum wire dipped in the Sample solution imparts an intense,

persistent yellow color to a nonluminous flame.

ASSAY

Change to read:
•  Procedure

Potassium bromate solution:  5.56 mg/mL
Potassium bromide solution:  125 mg/mL
Sample:  100 mg
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Residual titration
Titrant:  Potassium iodide TS
Back-titrant:  0.1 N sodium thiosulfate VS
Endpoint detection:  Visual

Analysis:  Gently reflux 100 mg with 30 mL of 1 N sodium hydroxide for 30 min. Cool; add
25.0 mL of Potassium bromate solution, 5 mL of Potassium bromide solution, and 10 mL
of hydrochloric acid; and immediately insert the stopper into the flask. Cool, shake for 15
min, and allow to stand for 15 min. Quickly add 15 mL of Titrant, taking care to avoid the
escape of bromine vapor. At once replace the stopper in the flask, and shake vigorously.

2S (NF32)

2S (NF32)
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Rinse the stopper and the neck of the flask with a small quantity of water. Titrate the
liberated iodine with Back-titrant, adding 3 mL of starch TS as the endpoint is
approached. [Note—About 15 mL is needed.] Perform a blank determination, and note the
difference in volumes required. Each mL of the difference in volume of 0.1 N sodium
thiosulfate is equivalent to 3.37 mg of propylparaben sodium (C10H11NaO3).

Acceptance criteria:  98.5%–101.5% on the anhydrous basis
Mobile phase:  Methanol and a 6.8-g/L solution of potassium dihydrogen phosphate
(65:35, v/v)
System suitability solution:  5.0 µg/mL each of p-hydroxybenzoic acid, USP

Ethylparaben RS, and USP Propylparaben RS in Mobile phase
Standard solution:  Dissolve 50.0 mg of USP Propylparaben RS in 2.5 mL of methanol,

and dilute with Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution with Mobile
phase to 100.0 mL.

Sample solution:  Dissolve 50.0 mg of Propylparaben Sodium in 2.5 mL of methanol, and
dilute with Mobile phase to 50.0 mL. Dilute 10.0 mL of this solution with Mobile phase to
100.0 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability)
Mode:  LC
Detector:  UV 272 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.3 mL/min
Injection volume:  10 µL
Run time:  About 2.5 times the retention time of the propylparaben peak

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The retention time of propylparaben is about 4.0 min; the relative retention
times for p-hydroxybenzoic acid, ethylparaben, and propylparaben are about 0.4, 0.7,
and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the ethylparaben and propylparaben peaks, System
suitability solution

Relative standard deviation:  NMT 0.85% for six injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of propylparaben sodium (C10H11NaO3) in the portion of
Propylparaben Sodium taken:

Result = P × (rU × CS)/(rS × CU) × (Mr1/Mr2)

P = labeled purity of USP Propylparaben RS expressed as a percentage
rU= peak area of propylparaben from the Sample solution
CS= concentration of propylparaben in the Standard solution
rS = peak area of propylparaben from the Standard solution
CU= concentration of Propylparaben Sodium in the Sample solution
Mr1= molecular weight of propylparaben sodium, 202.20
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Mr2= molecular weight of propylparaben, 180.20

Acceptance criteria:  94.0%–102.0% on the anhydrous basis

IMPURITIES

Add the following:
•  Related Compounds

Mobile phase, System suitability solution, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.

Standard solution:  Dilute 1.0 mL of the Sample solution with Mobile phase to 20.0 mL.
Dilute 1.0 mL of this solution with Mobile phase to 10.0 mL.

System suitability 
Sample:  System suitability solution

[Note—The retention time of propylparaben is about 4.0 min; the relative retention times
for p-hydroxybenzoic acid, ethylparaben, and propylparaben are about 0.4, 0.7, and 1.0,
respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the ethylparaben and propylparaben peaks
Analysis 

Samples:  Standard solution and Sample solution
Acceptance criteria 

p-Hydroxybenzoic acid:  NMT 4.0%; the peak area in the Sample solution, multiplied by
1.4 to correct for the calculation of content, is NMT the area of the principal peak in the
Standard solution.

Unspecified impurities:  NMT 0.5%; the peak area of each impurity in the Sample
solution is NMT the area of the principal peak in the Standard solution.

Total impurities:  NMT 1.0%; the total peak area for all unspecified impurities in the
Sample solution is NMT twice the area of the principal peak in the Standard solution.

•  Chloride and Sulfate, Chloride 221
Standard solution:  0.10 mL of 0.020 N hydrochloric acid
Sample:  0.2 g
Analysis:  Proceed as directed in the chapter.
Acceptance criteria:  0.035%; the Sample shows no more chloride than the Standard

solution.

•  Chloride and Sulfate, Sulfate 221
Standard solution:  0.30 mL of 0.020 N sulfuric acid
Sample:  0.25 g
Analysis:  Proceed as directed in the chapter.
Acceptance criteria:  0.12%; the Sample shows no more sulfate than the Standard

solution.

SPECIFIC TESTS

•  pH 791

2S (NF32)

2S (NF32)
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Sample solution:  1 mg/mL
Acceptance criteria:  9.5–10.5

•  Water Determination, Method I 921 : NMT 5.0%

•  Completeness of Solution 641
Sample solution:  Dissolve 1 g in water.
Acceptance criteria:  Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Ethylparaben RS  

USP Propylparaben RS 

BRIEFING

Sucrose, NF 31 page 2254 . As part of the USP monograph modernization effort, it is proposed

to add an Identification section to the monograph using an Infrared Absorption 197K  test
and to add the USP Reference Standards section.

(EXC: K. Moore.)
Correspondence Number—C126268

Comment deadline: November 30, 2013
Sucrose

C12H22O11       342.30 

-d-Glucopyranoside, -d-fructofuranosyl;     
Sucrose     [57-50-1].

DEFINITION

Sucrose is a sugar obtained from Saccharum officinarum Linné (Fam. Gramineae), Beta vulgaris
Linné (Fam. Chenopodiaceae), and other sources. It contains no added substances.

IDENTIFICATION

Add the following:

2S (NF32)
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•  A. Infrared Absorption 197K  

IMPURITIES

•  Residue on Ignition 281
Sample:  5 g
Acceptance criteria:  NMT 0.05%

•  Chloride and Sulfate, Chloride 221
Sample:  2.0 g
Acceptance criteria:  0.0035%; the Sample shows no more chloride than corresponds to

0.10 mL of 0.020 N hydrochloric acid.

•  Chloride and Sulfate, Sulfate 221
Sample:  5.0 g
Acceptance criteria:  0.006%; the Sample shows no more sulfate than corresponds to

0.30 mL of 0.020 N sulfuric acid.
•  Calcium

Analysis:  To 10 mL of a solution (1 in 10) add 1 mL of ammonium oxalate TS.
Acceptance criteria:  The solution remains clear for at least 1 min.

•  Heavy Metals 231
Sample:  4.0 g
Analysis:  Dissolve the Sample in 15 mL of water, add 1 mL of 0.12 N hydrochloric acid, and

dilute with water to 25 mL.
Acceptance criteria:  NMT 5 ppm

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  260 mg/mL

Acceptance criteria:  +66.3 to +67.0 at 20
•  Invert Sugar

Sample solution:  200 mg/mL of Sucrose in water. [Note—Filter if necessary.]
Analysis:  Place 50 mL of the clear liquid in a 250-mL beaker, add 50 mL of alkaline cupric

tartrate TS, and cover the beaker with a watch glass. Heat the mixture at such a rate
that it comes to a boil in approximately 4 min, and boil for 2 min, accurately timed. Add at
once 100 mL of cold, recently boiled water, and immediately collect the precipitated
cuprous oxide on a tared filtering crucible containing a sintered-glass disk of medium pore
size, or suitable equivalent. Thoroughly wash the residue on the filter with hot water, then

with 10 mL of alcohol, and finally with 10 mL of ether, and dry at 105  for 1 h.
Acceptance criteria:  The weight of the cuprous oxide does not exceed 112 mg.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Add the following:

•  USP Reference Standards 11
USP Sucrose RS 

2S (NF32)

2S (NF32)
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BRIEFING

Sunflower Oil, NF 31 page 2261. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. Add a CAS number, and update the Definition to allow a suitable additive.
2. Add Identification test A based on the test for Fatty Acid Composition.
3. For generic oil, add Identification test B based on the newly proposed general chapter

Identification of Fixed Oils by Thin-Layer Chromatography 202  in PF 39(1) [Jan.–
Feb. 2013].

4. In the test for Fatty Acid Composition, change the upper limit of methyl oleate from
“24%” to “39%” and the lower limit of methyl linoleate from “63%” to “48%”.

5. Delete the specification for Saponification Value.
6. Add a specification for Alkaline Impurities.
7. Add a specification for Water Determination.
8. Move the specifications for Refractive Index and Specific Gravity to Description and

Solubility.
9. Update the Labeling requirement.

10. Add the USP Reference Standards 11  section containing USP Sunflower Oil RS.
11. Make minor editorial changes throughout the monograph to make the text consistent

with the USP monograph redesign initiative.

(EXC: H. Wang.)
Correspondence Number—C132971

Comment deadline: November 30, 2013
Sunflower Oil

Add the following:
[8001-21-6]

.

DEFINITION

Change to read:

Sunflower Oil is a refined fixed oil obtained from the seeds of the sunflower plant Helianthus
annuus Linnè (Fam. Asteraceae alt. Compositae).
It may contain a suitable antioxidant.

IDENTIFICATION

Add the following:

•  A. It meets the requirements in Fats and Fixed Oils–Fatty Acid Composition 401 . 

Add the following:
•  B. Perform this test for generic oil only. It meets the requirements of the test in

Identification of Fixed Oils by Thin-Layer Chromatography 202 . 

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)
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IMPURITIES

Add the following:
•  Alkaline Impurities

Sample:  10 mL of Sunflower Oil
Analysis:  Mix 10 mL of freshly opened acetone and 0.3 mL of water, and add 0.05 mL of

bromophenol blue TS. Add the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer to yellow.

Acceptance criteria:  NMT 0.1 mL of 0.01 N hydrochloric acid is required.

•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value (Free Fatty Acids) 401 : NMT 2.5 mL of 0.020 N sodium
hydroxide is required for neutralization.

Change to read:

•  Fats and Fixed Oils, Fatty Acid Composition 401
Standard solution:  Prepare an ester mixture containing methyl linoleate, methyl oleate,

methyl palmitate, methyl stearate, and methyl linolenate (50:35:7:5:3).1

Sample solution:  Transfer 100 mg of Sunflower Oil to a 50-mL conical flask fitted with a
suitable water-cooled reflux condenser and a magnetic stir bar. Add 4 mL of 0.5 N
methanolic sodium hydroxide solution, and reflux until fat globules disappear (usually 5–10
min). Add 5 mL of a solution prepared by dissolving 14 g of boron trifluoride in methanol to
make 100 mL, swirl to mix, and reflux for 2 min. Add 4 mL of chromatographic n-heptane
through the condenser, and reflux for 1 min. Cool, remove the condenser, add 15 mL of
saturated sodium chloride solution, shake, and allow the layers to separate. Pass the n-
heptane layer through 0.1 g of anhydrous sodium sulfate (previously washed with
chromatographic n-heptane) into a suitable flask. Transfer 1.0 mL of this solution to a 10-
mL volumetric flask, dilute with chromatographic n-heptane to volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.25-mm × 30-m fused-silica capillary column bonded with a 0.25-µm layer of

phase G5
Temperatures 

Injector:  220

Detector:  250
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final Temperature

(min)

120 — 120 2
120 4 240 5

Carrier gas:  Hydrogen

2S (NF32)
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Flow rate:  1 mL/min
Injection volume:  1 µL
Injection type:  Splitless

System suitability 
Sample:  Standard solution
[Note—The relative retention times for methyl palmitate, methyl stearate, and methyl

oleate are about 0.87, 0.99, and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between methyl stearate and methyl oleate
Relative standard deviation:  NMT 6.0% peak areas for the palmitate and stearate

peaks for replicate injections; NMT 1.0% peak area ratio of the palmitate to stearate
peaks from these replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Measure the areas of the five major peaks for the methyl esters of the fatty acids, which
elute in the following order: palmitate, stearate, oleate, linoleate, and linolenate. 
Calculate the percentage of palmitate, stearate, oleate, linoleate, and linolenate in the
portion of Sunflower Oil taken:

Result = (A/B) × 100

A= peak area of palmitate, stearate, oleate, linoleate, or linolenate
B= total area of the five major peaks

Acceptance criteria:  See Table 2.

Table 2

 Generic Oil
(%)

Mid-Oleic Oil
(%)

High-Oleic Oil
(%)

Methyl palmitate 3–10 2–9 2–9
Methyl stearate 2–8 2–8 2–8

Methyl oleate
14–24

39 40–70 70–90

Methyl linoleate

63
48

–73 15–40 5–15
Methyl linolenate 0–3 0–3 0–3

•  Fats and Fixed Oils, Iodine Value, Method II 401
Acceptance criteria 

Generic oil:  128–148
Mid-oleic oil:  98–118
High-oleic oil:  78–98

Delete the following:

•  Fats and Fixed Oils, Saponification Value 401 : 180–200 

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.0%

Change to read:

2S (NF32)

2S (NF32)

2S (NF32)
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•  Limit of Peroxide
[Note—This test must be performed promptly after sampling to avoid oxidation of the test

specimen.]
Solvent A:  Chloroform and glacial acetic acid (40:60)
Potassium iodide solution:  Prepare a saturated solution of potassium iodide in freshly

boiled and cooled water, and store protected from light. Discard the solution if it becomes
colored upon the addition of Solvent A and iodide-free starch TS.

Sample:  10 g of Sunflower Oil
Analysis:  Transfer the Sample to a conical flask, add 30 mL of Solvent A, and swirl to

dissolve. Add 0.5 mL of Potassium iodide solution, swirl for 1.0 min, and add 30 mL of
water. Titrate with 0.01 N sodium thiosulfate VS, with vigorous agitation, to a light yellow
color. Add 2.0 mL of iodide-free starch TS, and continue the titration until the blue color
has disappeared. Perform a blank determination, and make any necessary correction. 
Calculate the amount of peroxide, in mEq/kg, in the portion of Sunflower Oil taken:

Result = [V × (N/W)] × F

V= volume of sodium thiosulfate used in the titration (mL)
N= normality of sodium thiosulfate VS (mEq/mL)
W= weight of Sunflower Oil taken (g)
F= conversion factor, 1000 g/kg

Acceptance criteria:  NMT 10.0 mEq/kg

Delete the following:

•  Refractive Index 831 : 1.472–1.474 at 20  

Delete the following:

•  Specific Gravity 841 : 0.914–0.924 at 20  

Add the following:

•  Water Determination, Method Ic 921 : NMT 0.1% 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. No storage

requirement specified.

Change to read:
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant source from which the article was derived.
Label it to indicate whether it is Generic Sunflower Oil, Mid-Oleic Sunflower Oil, or High-Oleic

Sunflower Oil.
The label also indicates the name and concentration of any additive.

Add the following:

•  USP Reference Standards 11
USP Sunflower Oil RS

1  Ester mixtures are available commercially from Nu-Chek-Prep, Inc., P.O. Box 295, Elysian, MN 56028.

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

2S (NF32)

PF 39(5): Sep.-Oct. 2013 457



Typical Nu-Chek-Prep ester mixtures useful in this test include Nu-Chek 15A. This mixture may contain other
components.

BRIEFING

Acarbose, USP 36 page 2287. On the basis of comments received, it is proposed to revise the
Standard solution and System suitability solution preparations in the Assay for enhanced
clarity. In addition, Chromatogram comparability in the Assay has been better defined to
allow user flexibility. Other editorial changes have been made to be consistent with current
USP style.

(BIO1: M. Crivellone.)
Correspondence Number—C133933

Comment deadline: November 30, 2013
Acarbose

C25H43NO18       645.60 

d-Glucose, O-4,6-dideoxy-4-[[[1S-(1 ,4 ,5 ,6 )]-4,5,6-trihydroxy-3-(hydroxymethyl)-2-
cyclohexen-1-yl]amino]- -d-glucopyranosyl-(1®4)-O- -d-glucopyranosyl-(1®4)-;     
O-4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)-2-cyclohexen-1-
yl]amino}- -d-glucopyranosyl-(1®4)-O- -d-glucopyranosyl-(1®4)-d-glucose     [56180-94-
0].

DEFINITION

Acarbose is produced by certain strains of Actinoplanes utahensis. It contains NLT 95.0% and
NMT 102.0% of acarbose (C25H43NO18), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Solution A:  0.6 mg/mL of monobasic potassium phosphate and 0.35 mg/mL of dibasic
sodium phosphate in water
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Mobile phase:  Acetonitrile and Solution A (3:1)
System suitability solution:  Reconstitute a vial of USP Acarbose System Suitability

Mixture RS in 1 mL of water.
20 mg/mL of USP Acarbose System Suitability Mixture RS in water

Standard solution:  Reconstitute a vial of USP Acarbose RS in 5.0 mL of water.
20 mg/mL of USP Acarbose RS in water

Sample solution:  20 mg/mL of Acarbose in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 25-cm; packing L8

Column temperature:  35
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution

Identify the acarbose peak and the peaks due to the impurities listed in Table 1.
Suitability requirements 

Peak-to-valley ratio:  The ratio of the height of the impurity A peak to the height of
the valley between the impurity A peak and the acarbose peak is NLT 1.2.

Chromatogram comparability:  The chromatogram obtained is similar to the
chromatogram provided with USP Acarbose System Suitability Mixture RS
for the known impurities found.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of acarbose (C25H43NO18) in the portion of Acarbose taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acarbose RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  95.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281
Sample:  1.0 g
Acceptance criteria:  NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Chromatographic Purity

Mobile phase, System suitability solution, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.

2S (USP37)

2S (USP37)

2S (USP37)
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Diluted sample solution:  Dilute 1.0 mL of the Sample solution with water to 100.0 mL.
Analysis 

Samples:  Sample solution and Diluted sample solution

Calculate the percentage of each impurity in the portion of Acarbose taken:

Result = (rU/rA) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rA= peak response of the main acarbose peak from the Diluted sample solution
F= relative response factor for each impurity (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Impurity Aa 0.9 1 0.6

Impurity Bb 0.8 1.6 0.5

Impurity Cc 1.2 1 1.5

Impurity Dd 0.5 1.33 1.0

Impurity Ee 1.7 0.8 0.2

Impurity Ff 1.9 0.8 0.3

Impurity Gg 2.2 0.8 0.3

Impurity Hh 0.6 1 0.2
Any individual unknown impurity — — 0.2
Total impurities — — 3.0
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a  O-4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-
enyl]amino}- -d-glucopyranosyl-(1®4)-O- -d-glucopyranosyl-(1®4)-d-arabino-hex-2-
ulopyranose.

b  (1R,4R,5S,6R)-4,5,6-Trihydroxy-2-(hydroxymethyl)cyclohex-2-enyl 4-O-[4,6-dideoxy-4-
{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-enyl]amino}- -d-
glucopyranosyl]- -d-glucopyranoside.

c  -d-Glucopyranosyl 4-O-[4,6-dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-
(hydroxymethyl)cyclohex-2-enyl]amino}- -d-glucopyranosyl]- -d-glucopyranoside.

d  4-O-[4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-
enyl]amino}- -d-glucopyranosyl]-d-glucopyranose.

e  O-4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-
enyl]amino}- -d-glucopyranosyl-(1®4)-O- -d-glucopyranosyl-(1®4)-O- -d-
glucopyranosyl-(1®4)-d-arabino-hex-2-ulopyranose (4-O- -acarbosyl-d-
fructopyranose).

f  O-4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-
enyl]amino}- -d-glucopyranosyl-(1®4)-O- -d-glucopyranosyl-(1®4)-O- -d-
glucopyranosyl-(1®4)-d-glucopyranose (4-O- -acarbosyl-d-glucopyranose).

g  -d-Glucopyranosyl O-4,6-dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-
(hydroxymethyl)cyclohex-2-enyl]amino}- -d-glucopyranosyl-(1®4)-O- -d-
glucopyranosyl-(1®4)-O- -d-glucopyranoside ( -d-glucopyranosyl -acarboside).

h  O-4,6-Dideoxy-4-{[(1S,4R,5S,6S)-4,5,6-trihydroxy-3-(hydroxymethyl)cyclohex-2-
enyl]amino}- -d-glucopyranosyl-(1®4)-O-6-deoxy- -d-glucopyranosyl-(1®4)-d-
glucopyranose.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in water

Acceptance criteria:  +168  to +183

•  pH 791
Sample solution:  50 mg/mL
Acceptance criteria:  5.5–7.5

•  Water Determination, Method Ic 921 : NMT 4.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Acarbose RS 
USP Acarbose System Suitability Mixture RS

BRIEFING

Amantadine Hydrochloride, USP 36 page 2429. As part of the continuing USP monograph
modernization effort, it is proposed to replace the current Identification test A for Infrared

Absorption 197S  using toxic solvent methylene chloride with 197A  or 197K  using a
neat sample or pellet preparation, respectively.

(SM1: A. Martin-Esker.)
Correspondence Number—C129161
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Comment deadline: November 30, 2013
Amantadine Hydrochloride

C10H17N·HCl       187.71 

Tricyclo[3.3.1.13,7]decan-1-amine, hydrochloride;     
1-Adamantanamine hydrochloride     [665-66-7].

DEFINITION

Amantadine Hydrochloride contains NLT 98.5% and NMT 101.5% of amantadine hydrochloride
(C10H17N·HCl).

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197S

Infrared Absorption 197 :
Cell:  1 mm
Sample solution:  50 mg in 10 mL of 0.1 N hydrochloric acid, and filter. Transfer the

filtrate to a suitable separator, add 1 mL of 5 N sodium hydroxide, and extract with 5 mL
of methylene chloride.

Acceptance criteria:  Meets the requirements

Use 197A  or 197K .

ASSAY

Change to read:
•  Procedure

Sample:  Dissolve 120 mg of Amantadine Hydrochloride in a mixture of 30 mL of glacial
acetic acid and 10 mL of mercuric acetate TS.

Analysis:  Titrate with 0.1 N perchloric acid VS, determining the endpoint
potentiometrically, using suitable electrodes. Perform a blank determination. Each mL of
0.1 N perchloric acid is equivalent to 18.77 mg of amantadine hydrochloride
(C10H17N·HCl).

Acceptance criteria:  98.5%–101.5%
Internal standard solution:  1.0 mg/mL of adamantane in dimethylformamide

2S (USP37)

2S (USP37)
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Diluent:  Internal standard solution
Standard solution:  1 mg/mL of USP Amantadine Hydrochloride RS in Diluent, prepared

as follows. To a suitable quantity of Standard in the flask add 90% of the flask volume
of Diluent, and shake for 15 min before diluting with Diluent to volume.

Sample solution:  1 mg/mL of Amantadine Hydrochloride, prepared as follows. To a
suitable quantity of sample in the flask add 90% of the flask volume of Diluent, and
shake for 15 min before diluting with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused-silica; coated with 1.0-µm G27 stationary phase
Temperatures 

Injection port:  220

Detector:  300
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

100 0 100 3
100 10 250 7

Carrier gas:  Helium
Flow rate:  4 mL/min
Injection volume:  2 µL
Split flow ratio:  20:1

System suitability 
Sample:  Standard solution
[Note—The relative retention times for adamantane and amantadine are about 1.0 and

1.3, respectively.]
Suitability requirements 

Tailing factor:  NMT 2.0 for the amantadine peak
Relative standard deviation:  NMT 0.73% determined from the peak response ratios

of amantadine to adamantane
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of amantadine hydrochloride (C10H17N·HCl) in the portion of
Amantadine Hydrochloride taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of amantadine to adamantane from the Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
CS= concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Amantadine Hydrochloride in the Sample solution (mg/mL)
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Acceptance criteria:  98.5%–101.5%

IMPURITIES

•  Heavy Metals, Method I 231
Test preparation:  Use 1 mL of 1 N acetic acid.
Acceptance criteria:  NMT 10 ppm

Change to read:
•  Organic Impurities

Internal standard solution:  50 mg/mL of adamantane in dichloromethane
Standard solution:  Transfer 10 mg of USP Amantadine Hydrochloride RS to a separator.

Add 20 mL of 5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10 min.
Remove the water layer, dry the organic layer by swirling with anhydrous sodium sulfate,
and allow to stand for a few min to ensure that all remaining water has been removed.
Filter, collect the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal standard
solution, and dilute with dichloromethane to volume.

Sample solution:  Transfer 1.0 g of Amantadine Hydrochloride to a separator. Add 20 mL of
5.0 N sodium hydroxide and 18 mL of dichloromethane, and shake for 10 min. Remove the
water layer, dry the organic layer by swirling with anhydrous sodium sulfate, and allow to
stand for a few min to ensure that all remaining water has been removed. Filter, collect
the filtrate in a 20-mL volumetric flask, add 0.2 mL of Internal standard solution, and
dilute with dichloromethane to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused-silica; coated with 1.0-µm G27 stationary phase
Temperatures 

Injection port:  220

Detector:  300
Column:  See Table 1
Table 2.

Table 1
2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

70 0 70 5
70 10 250 At least 17

Carrier gas:  Helium
Flow rate:  4 mL/min
Injection volume:  2 µL
Injection type 

Split flow:  200 mL/min
Split flow ratio:  50:1

2S (USP37)

2S (USP37)
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System suitability 
Sample:  Standard solution
[Note—The relative retention times for adamantane and amantadine are about 0.7 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 20 between adamantane and amantadine
Relative standard deviation:  NMT 5.0% determined from the peak response ratios of

amantadine to adamantane
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of amantadine hydrochloride
(C10H17N·HCl) taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of each impurity to adamantane from the Sample solution
RS= peak response ratio of amantadine to adamantane from the Standard solution
CS= concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Amantadine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.3%
Total impurities:  NMT 1.0%

SPECIFIC TESTS

•  pH 791
Sample:  0.2 g/mL in water
Acceptance criteria:  3.0–5.5

•  Clarity and Color of Solution
Sample:  Dissolve 2 g in 10 mL of water.
Acceptance criteria:  The solution is clear and nearly colorless.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Amantadine Hydrochloride RS 

BRIEFING

Amantadine Hydrochloride Capsules, USP 36 page 2429. As part of the continuing USP
monograph modernization effort, it is proposed to replace the current Dissolution Test 1
packed GC column with the capillary column used in Dissolution Test 2. The proposed
procedure is based on analyses performed from a sponsor's validation package with the J&W
Scientific DB-1 brand of G1 column. The typical retention times for naphthalene and
amantadine are about 6.3 and 7.0 min, respectively.

(SM1: A. Martin-Esker.)
Correspondence Number—C123410
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Comment deadline: November 30, 2013
Amantadine Hydrochloride Capsules

DEFINITION

Amantadine Hydrochloride Capsules contain NLT 95.0% and NMT 105.0% of the labeled amount
of amantadine hydrochloride (C10H17N·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197S
Cell:  1 mm
Sample solution:  Place the contents of Capsules, equivalent to 200 mg of amantadine

hydrochloride, in a vessel. Dissolve in 0.1 N hydrochloric acid, and filter. Transfer the
filtrate to a separator, add 1 mL of 5 N sodium hydroxide, and extract with 5 mL of
methylene chloride. Filter the extract through anhydrous sodium sulfate, and rinse the
anhydrous sodium sulfate with 2 mL of methylene chloride.

ASSAY
•  Procedure

Internal standard solution:  0.4 mg/mL of naphthalene in hexane
Standard stock solution:  2 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution:  Pipet 25.0 mL of Standard stock solution into a 250-mL separator, and

add 25 mL of 2.0 N sodium hydroxide and 50.0 mL of Internal standard solution. Shake for
60 min, and collect the hexane layer (Standard solution).

Sample solution:  Transfer NLT 20 Capsules to a 200-mL volumetric flask. Add 40 mL of 0.1
N hydrochloric acid, and heat gently to achieve complete dissolution. Cool, and dilute with
water to volume. Pipet 5.0 mL of the solution into a 250-mL separator, and add 40 mL of
1.0 N sodium hydroxide and 50.0 mL of Internal standard solution. Shake for 60 min, and
collect the hexane layer (Sample solution).

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  2-mm × 1.22-m; glass packed with 10% phase G1 on 100- to 120-mesh support

S1A
Temperatures 

Injection port:  250

Detector:  250

Column:  115
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2 between napthalene and amantadine
Tailing factor:  NMT 2.0 for the analyte peak
Relative standard deviation:  NMT 2.0%
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of amantadine hydrochloride
(C10H17N·HCl) in the portion of Capsules taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio from the Sample solution
RS= peak response ratio from the Standard solution
CS= concentration of USP Amantadine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of amantadine hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Test 1:  Procedure for a Pooled Sample

Medium:  Water; 900 mL
Apparatus 1:  100 rpm
Time:  45 min
Internal standard solution:  0.054 mg/mL of naphthalene in hexane
Standard stock solution:  0.1 mg/mL of USP Amantadine Hydrochloride RS in water
Standard solution:  Pipet 15.0 mL of the Standard stock solution into a 50-mL screw-

capped test tube, add 5.0 mL of 5 N sodium hydroxide and 10.0 mL of Internal standard
solution, and shake for 60 min. Collect the hexane layer.

Sample solution:  Filter 15.0 mL of the solution under test, and place into a 50-mL
screw-capped test tube. Pipet 5.0 mL of 5 N sodium hydroxide and 10.0 mL of the
Internal standard solution into the test tube, and shake for 60 min. Collect the hexane
layer (Sample solution).

Chromatographic system:  Proceed as directed in the Assay.
Injection size:  2.5 µL
Chromatographic system:  Proceed as directed in the Assay except for the following: 

(See Chromatography 621 , System Suitability.)
Column:  Proceed as directed in Dissolution Test 2.
Injection volume:  2.5 µL

Analysis 
Samples:  Standard solution and Sample solution

Tolerances:  NLT 75% (Q) of the labeled amount of amantadine hydrochloride (C10H17N·HCl) is
dissolved.

Test 2:  If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium:  Water; 900 mL
Apparatus 2:  75 rpm, with sinkers. [Note—A suitable sinker is available as catalog number

CAPWHT-2S from www.qla-llc.com, www.tabletdissolution.com, or www.labhut.com.]

2S (USP37)
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Time:  45 min
Internal standard solution:  0.06 mg/mL of naphthalene in hexanes
Standard stock solution:  0.12 mg/mL of USP Amantadine Hydrochloride RS in Medium
Standard solution:  Transfer 60.0 mL of the Standard stock solution to a 200-mL volumetric

flask. Add 20 mL of 5 N sodium hydroxide and 40.0 mL of Internal standard solution. Shake
the flask for approximately 10 min, and allow the layers to separate. Use the top layer for
injection. The final concentration is about 0.18 mg/mL.

Sample solution:  Transfer 3.0 mL of the solution under test to a centrifuge tube. Add 1.0 mL
of 5 N sodium hydroxide and 2.0 mL of Internal standard solution. Shake the tube for
approximately 10 min, and allow the layers to separate. Use the top layer for injection.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm ×
30-m,

0.25-µm film, phase G1
Temperatures 

Oven:  100  for 3 min, to 200  at 10 /min, held at 200  for 2 min

Injection port:  250

Detector:  300
Carrier gas:  Helium, 1.4 mL/min
Flow rate:  20 mL/min
Injection volume:  2 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2 between naphthalene and amantadine hydrochloride
Tailing factor:  NMT 2.0 for amantadine hydrochloride
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of amantadine hydrochloride released:

Result = (RU/RS) × (CS/L) × V × 100

RU= ratio of the peak areas from the Sample solution
RS= average ratio of the peak areas from the Standard solution
CS= concentration of amantadine hydrochloride in the Standard stock solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL

Tolerances:  NLT 75% (Q) of the labeled amount of amantadine hydrochloride (C10H17N·HCl) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

(ERR 1-Feb-2013)
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Amantadine Hydrochloride RS 

BRIEFING

Atenolol Compounded Oral Suspension. Because there is no existing USP monograph for this
dosage form or approved manufactured product, a new monograph is proposed. The liquid
chromatographic procedure in the Assay is based on an analysis validated using the Hypersil
BDS C18 brand of L1 column. The typical retention time for atenolol is about 5.1 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129738

Comment deadline: November 30, 2013

Add the following:
Atenolol Compounded Oral Suspension

DEFINITION

Atenolol Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of atenolol (C14H22N2O3). 
Prepare Atenolol Compounded Oral Suspension 10 mg/mL as follows (see Pharmaceutical

Compounding—Nonsterile Preparations 795 ).

Atenolol powder 1 g
Vehicle: A (1:1) mixture of Ora-Plusa and Ora-Sweet SFa, a sufficient quantity to make 100 mL

a  Perrigo Pharmaceuticals, Allegan, MI.

Pour Atenolol powder into a suitable container. Wet the powder with a small amount of Vehicle,
and triturate to make a smooth paste. Add Vehicle to make the contents pourable. Transfer
contents stepwise and quantitatively to a calibrated container using the remainder of Vehicle.
Add sufficient Vehicle to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  25 mM sodium phosphate adjusted with phosphoric acid to a pH of 3.0
Solution B:  Water adjusted with phosphoric acid to a pH of 3.0
Solution C:  Methanol and Solution B (50:50)
Mobile phase:  Acetonitrile and Solution A (15:85). Filter, and degas.
Standard stock solution:  10 mg/mL of USP Atenolol RS in Solution C. Mix well and sonicate

for 3 min. Store at 2 –8 .
Standard solution:  Transfer 2.0 mL of the Standard stock solution to a 500-mL volumetric

flask, add 0.5 mL of Solution C, and dilute with Solution B to volume. Mix well. Centrifuge a
portion of the resultant solution for 5 min at 14,000 rpm, and use the supernatant.
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Protect from light, and store at 2 –8 .
Sample solution:  Shake each bottle of Oral Suspension thoroughly. Transfer 2.0 mL of Oral

Suspension into a 500-mL volumetric flask, and add 0.5 mL of Solution C. Dilute with
Solution B to volume. Mix well. Centrifuge a portion of the solution for 5 min at 14,000

rpm, and use the supernatant. Protect from light, and store at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 227 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  5
Flow rate:  0.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for atenolol is about 5.1 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of atenolol (C14H22N2O3) in the portion of
Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of atenolol from the Sample solution
rS= peak response of atenolol from the Standard solution
CS= concentration of atenolol in the Standard solution (mg/mL)
CU= nominal concentration of atenolol in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 6.4–7.4

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at 2 –8  or at controlled room temperature
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•  USP Reference Standards 11
USP Atenolol RS 

BRIEFING

Atenolol Compounded Oral Suspension, Veterinary. Because there is no existing USP
monograph for this dosage form or approved manufactured product, a new monograph is
being proposed. The liquid chromatographic procedure in the Assay is based on an analysis
validated using the Hypersil BDS C18 brand of L1 column. The typical retention time for
atenolol is about 5.1 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129751

Comment deadline: November 30, 2013

Add the following:
Atenolol Compounded Oral Suspension, Veterinary

DEFINITION

Atenolol Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of the
labeled amount of atenolol (C14H22N2O3). Prepare Atenolol Compounded Oral Suspension,

Veterinary 25 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations 

795 ).

Atenolol powder 2.5 g
Vehicle: a 1:1 mixture of Ora-Plusa and Ora-Sweet SFa, a sufficient quantity to make 100 mL

a  Perrigo Pharmaceuticals, Allegan, MI.

Pour the Atenolol powder into a suitable container. Wet the powder with a small amount of
Vehicle, and triturate to make a smooth paste. Add the Vehicle to make the contents pourable.
Transfer the contents stepwise and quantitatively to a calibrated container using the remainder
of the Vehicle. Add sufficient Vehicle to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  25 mM sodium phosphate adjusted with phosphoric acid to a pH of 3.0
Mobile phase:  Acetonitrile and Solution A (15:85). Filter, and degas.
Solution B:  Water adjusted with phosphoric acid to a pH of 3.0
Solution C:  Methanol and Solution B (50:50)
Standard stock solution:  25 mg/mL of USP Atenolol RS in Solution C. Mix well, and

sonicate for 3 min. Store at 2 –8 .
Standard solution:  Transfer 2.0 mL of the Standard stock solution to a 1-L volumetric

flask, and add 0.5 mL of Solution C. Dilute with Solution B to volume, and mix well.
Centrifuge a portion of the resultant solution for 5 min at 14,000 rpm, and use the

supernatant. Protect from light, and store at 2 –8 .
Sample solution:  Shake thoroughly each bottle of Oral Suspension, Veterinary. Transfer

2S (USP37)
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2.0 mL of Oral Suspension, Veterinary to a 1-L volumetric flask, and add 0.5 mL of Solution
C. Dilute with Solution B to volume. Centrifuge a portion of the solution for 5 min at 14,000

rpm, and use the supernatant. Protect from light, and store at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 227 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  5
Flow rate:  0.7 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for atenolol is about 5.1 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of atenolol (C14H22N2O3) in the portion of
Oral Suspension, Veterinary taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of atenolol from the Sample solution
rS= peak response of atenolol from the Standard solution
CS= concentration of atenolol in the Standard solution (mg/mL)
CU= nominal concentration of atenolol in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 9.1–10.1

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date. Label it to state that it is for veterinary use only.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at 2 –8  or controlled room temperature

•  USP Reference Standards 11
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USP Atenolol RS 

BRIEFING

Atropine Sulfate Ophthalmic Ointment, USP 36 page 2562. The general chapter Ophthalmic

Ointments 771  is being revised to include a discussion of all dosage forms that can be
applied to the eye. The revised chapter will be renamed Ophthalmic Preparations—Quality

Tests 771 , and it will incorporate the quality tests appropriate for ophthalmic products.

The text of the general chapter Metal Particles in Ophthalmic Ointments 751  has been

transferred to 771  under Particulate and Foreign Matter, and its content has been

updated. Therefore, the chapter Metal Particles in Ophthalmic Ointments 751  is

proposed for omission. Additionally, Ophthalmic Preparations—Quality Tests 771  will

contain a reference to the chapter Minimum Fill 755 . As a consequence of these
changes, all monographs for ophthalmic ointments (see list below) are being revised with the

deletion of the references to the chapters Metal Particles in Ophthalmic Ointments 751

and Minimum Fill 755 . In place of the deleted references, a new reference to “Other

Requirements: Meets the requirements in Ophthalmic Preparations—Quality Tests 771 ”
will be added.

The monographs being revised are:

Atropine Sulfate Ophthalmic Ointment 
Bacitracin Ophthalmic Ointment 
Bacitracin Zinc and Polymyxin B Sulfate Ophthalmic Ointment 
Bland Lubricating Ophthalmic Ointment 
Chloramphenicol and Polymyxin B Sulfate Ophthalmic Ointment 
Chloramphenicol Ophthalmic Ointment 
Chlortetracycline Hydrochloride Ophthalmic Ointment 
Ciprofloxacin Ophthalmic Ointment 
Dexamethasone Sodium Phosphate Ophthalmic Ointment 
Erythromycin Ophthalmic Ointment 
Gentamicin and Prednisolone Acetate Ophthalmic Ointment 
Gentamicin Sulfate Ophthalmic Ointment 
Hydrocortisone Acetate Ophthalmic Ointment 
Idoxuridine Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Acetate
Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates and Bacitracin Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates and Bacitracin Zinc Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates Ophthalmic Ointment 
Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Ophthalmic
Ointment 
Neomycin and Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate Ophthalmic
Ointment 
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Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment 
Neomycin Sulfate Ophthalmic Ointment 
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Ophthalmic Ointment 
Sodium Chloride Ophthalmic Ointment 
Sulfacetamide Sodium and Prednisolone Acetate Ophthalmic Ointment 
Sulfacetamide Sodium Ophthalmic Ointment 
Tetracycline Hydrochloride Ophthalmic Ointment 
Tobramycin and Dexamethasone Ophthalmic Ointment 
Tobramycin Ophthalmic Ointment

Futhermore, it is proposed to revise this monograph to current USP style, which includes

updating the references to general chapter Identification—Organic Nitrogenous Bases 181

 within Identification test A.

(SM4: H. Joyce, M. Marques.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Atropine Sulfate Ophthalmic Ointment

DEFINITION

Atropine Sulfate Ophthalmic Ointment is Atropine Sulfate in a suitable ophthalmic ointment
base. It contains NLT 90.0% and NMT 110.0% of the labeled amount of atropine sulfate
monohydrate [(C17H23NO3)2·H2SO4·H2O]. It is sterile.

IDENTIFICATION

Change to read:

•  A. Identification—Organic Nitrogenous Bases 181
Standard solution:  Proceed as directed in the chapter.

Sample solution:  Transfer a portion of Ophthalmic Ointment, equivalent to 50 mg of
atropine sulfate, to a suitable separator, and dissolve in 25 mL of ether. Add 25 mL of
0.01 N hydrochloric acid, shake vigorously, allow the layers to separate, and discard the
organic phase. Heat the aqueous phase gently on a steam bath while passing nitrogen
through the solution to expel any residual ether.

Analysis: Proceed as directed in the chapter, beginning with “In a second separator
dissolve 50 mg…”.
Instrumental conditions and Analysis:  Proceed as directed in the chapter.

Acceptance criteria:  Meets the requirements

•  B. Identification Tests—General, Sulfate 191
Sample solution:  Transfer 5 g of Ophthalmic Ointment to a separator, dissolve in 50 mL of

ether, and extract with 20 mL of water.
Acceptance criteria:  Meets the requirements

ASSAY
•  Procedure

Buffer:  34.8 g of dibasic potassium phosphate in 900 mL of water. Adjust to a pH of 9.0 by

2S (USP37)
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the addition of 3 M hydrochloric acid or 1 M sodium hydroxide, as necessary.
Internal standard solution:  0.5 mg/mL of homatropine hydrobromide in water. Prepare

fresh daily.
Standard stock solution:  0.1 mg/mL of USP Atropine Sulfate RS in water
Standard solution:  0.5 mg/mL of atropine sulfate prepared as follows. Pipet 10 mL of

Standard stock solution into a separator, add 2.0 mL of Internal standard solution and 5.0
mL of Buffer, and adjust the solution in the separator with 1 M sodium hydroxide to a pH
of 9.0. Extract with two 10-mL portions of methylene chloride, filter the methylene
chloride extracts through 1 g of anhydrous sodium sulfate supported by a small cotton
plug in a funnel into a 50-mL beaker, and evaporate to near-dryness under a stream of
nitrogen. Dissolve the residue in 2.0 mL of methylene chloride. Prepare fresh daily.

Sample solution:  Nominally 0.5 mg/mL of atropine sulfate prepared as follows. Transfer
Ophthalmic Ointment, equivalent to 10 mg of atropine sulfate, to a separator containing
50 mL of ether. Shake to dissolve, extract with three 25-mL portions of 0.1 M sulfuric
acid, collect the acid extracts in a 100-mL volumetric flask, and dilute with 0.1 M sulfuric
acid to volume. Pipet 10 mL of this solution and treat as follows. Add 2.0 mL of Internal
standard solution and 5.0 mL of Buffer, and adjust the solution in the separator with 1 M
sodium hydroxide to a pH of 9.0. Extract with two 10-mL portions of methylene chloride,
filter the methylene chloride extracts through 1 g of anhydrous sodium sulfate supported
by a small cotton plug in a funnel into a 50-mL beaker, and evaporate to near-dryness
under a stream of nitrogen. Dissolve the residue in 2.0 mL of methylene chloride.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  2-mm × 1.8-m glass; packed with a 3% phase G3 on support S1AB
Temperatures 

Column:  225

Injection port:  250

Detector:  250
Flow rate:  25 mL/min
Carrier gas:  Nitrogen
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 4.0
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of atropine sulfate monohydrate
[(C17H23NO3)2·H2SO4·H2O] in the portion of Ophthalmic Ointment taken:

Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
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RU= peak area ratio of atropine to homatropine from the Sample solution
RS= peak area ratio of atropine to homatropine from the Standard solution
CS= concentration of USP Atropine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1= molecular weight of atropine sulfate monohydrate, 694.85
Mr2= molecular weight of anhydrous atropine sulfate, 676.83

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Atropine Sulfate RS 

BRIEFING

Bacitracin Ophthalmic Ointment, USP 36 page 2589. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per the current USP convention to

eliminate this test from drug product monographs.
3. The storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Bacitracin Ophthalmic Ointment

DEFINITION

Bacitracin Ophthalmic Ointment is a sterile preparation of Bacitracin in an anhydrous ointment
base. It contains NLT 90.0% and NMT 140.0% of the labeled amount of bacitracin.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

2S (USP37)
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ASSAY
•  Procedure 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Use a portion of Ophthalmic Ointment shaken with about 50 mL of ether

in a separator and extracted with four 20-mL portions of Buffer B.1. Combine the buffer
extracts, and dilute with Buffer B.1 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Add sufficient 0.01 N hydrochloric acid to a
suitable aliquot of the Sample solution so that the amount of hydrochloric acid in the Test
Dilution is the same as in the median level of the standard. Dilute with Buffer B.1 to obtain
a Test Dilution having a bacitracin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

•  Sterility Tests 71 : Meets the requirements

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 

BRIEFING

Bacitracin Zinc and Polymyxin B Sulfate Ophthalmic Ointment, USP 36 page 2592. The
monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Bacitracin is revised to remove a statement that is redundant.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The section on Sterility Tests is revised to remove the reference to membrane filtration.
5. The storage temperature is added based on the storage requirements for FDA-approved

products.

2S (USP37)
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(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Bacitracin Zinc and Polymyxin B Sulfate Ophthalmic Ointment

DEFINITION

Bacitracin Zinc and Polymyxin B Sulfate Ophthalmic Ointment contains the equivalent of NLT
90.0% and NMT 130.0% of the labeled amounts of bacitracin and polymyxin B.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

ASSAY

Change to read:
•  Bacitracin 

(See Antibiotics—Microbial Assays 81 .)
Standard solution:  Proceed as directed in the chapter. To each Test Dilution of the

standard add sufficient hydrochloric acid to obtain the same concentration of hydrochloric
acid as in the Test Dilution of the Ophthalmic Ointment.

Sample solution:  Use a portion of the Ophthalmic Ointment shaken with about 50 mL of
ether in a separator and extracted with four 20-mL portions of 0.01 N hydrochloric acid.
Combine the acid extracts, and dilute with 0.01 N hydrochloric acid to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.1 to
obtain a Test Dilution having a bacitracin concentration that is nominally equivalent to the
median level of the standard. Add sufficient hydrochloric acid to each Test Dilution of the
the standard to obtain the same concentration of the hydrochloric acid as in the Test
Dilution of the sample.

Acceptance criteria:  90.0%–130.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of the Ophthalmic Ointment with about 50 mL of ether in

a separator, and extract with four 20-mL portions of Buffer B.6. Combine the buffer
extracts, and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a polymyxin B concentration that is nominally equivalent to
the median level of the standard.

Acceptance criteria:  90.0%–130.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

2S (USP37)
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Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Change to read:

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

Meets the requirements

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Polymyxin B Sulfate RS 

BRIEFING

Benazepril Hydrochloride Compounded Oral Suspension, Veterinary. Because there is no
existing USP monograph for this dosage form or approved manufactured product, the
following new monograph is proposed. A drug substance monograph for Benazepril
Hydrochloride is currently official (see page 2608 of USP 36). The liquid chromatographic
procedure in the Assay is based on an analysis validated using the Hypersil BDS C18 brand of
L1 column. The typical retention time for benazepril hydrochloride is about 6.5 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129752

Comment deadline: November 30, 2013

Add the following:
Benazepril Hydrochloride Compounded Oral Suspension, Veterinary

DEFINITION

Benazepril Hydrochloride Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT
110.0% of the labeled amount of benazepril hydrochloride (C24H28N2O5·HCl). 
Prepare Benazepril Hydrochloride Compounded Oral Suspension, Veterinary, 5 mg/mL, as follows

2S (USP37)
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(see Pharmaceutical Compounding—Nonsterile Preparations 795 ).

Benazepril Hydrochloride powder 500 mg

Vehicle: a 1:1 mixture of Ora-Plusa and Ora-Sweeta, a sufficient quantity to make 100 mL

a  Perrigo Pharmaceuticals, Allegan, MI.

Pour the Benazepril Hydrochloride powder into a suitable container. Wet the powder with a
small amount of Vehicle, and triturate to make a smooth paste. Add the Vehicle to make the
contents pourable. Transfer the contents, stepwise and quantitatively, to a calibrated
container using the remainder of the Vehicle. Add sufficient Vehicle to bring to final volume.
Shake to mix well.

ASSAY
•  Procedure

Solution A:  25 mM sodium phosphate adjusted with phosphoric acid to a pH of 3.0. Pass
through a nylon filter of 0.45-µm pore size.

Mobile phase:  Acetonitrile and Solution A (40:60)
Diluent:  Water adjusted with phosphoric acid to a pH of 3.0
Standard stock solution:  5 mg/mL of USP Benazepril Hydrochloride RS in Diluent. Sonicate

for 3 min. Mix well, and store at 2 –8 .
Standard solution:  0.01 mg/mL of benazepril hydrochloride prepared with Standard stock

solution and Diluent. Centrifuge for 5 min at 14,000 rpm, and use the supernatant. Protect

from light, and store at 2 –8 .
Sample solution:  Shake thoroughly each bottle of Oral Suspension, Veterinary. Transfer

2.0 mL of the Oral Suspension, Veterinary into a 1-L volumetric flask, and dilute with
Diluent to volume. Mix well. Centrifuge for 5 min at 14,000 rpm, and use the supernatant.

Protect from light, and store at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  5
Flow rate:  1.2 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for benazepril hydrochloride is about 6.5 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of benazepril hydrochloride
(C24H28N2O5·HCl) in the portion of Oral Suspension, Veterinary taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of benazepril hydrochloride from the Sample solution
rS= peak response of benazepril hydrochloride from the Standard solution
CS= concentration of benazepril hydrochloride in the Standard solution (mg/mL)
CU= nominal concentration of benazepril hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 3.8–4.8

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label it to indicate that it is to be well-shaken before use, and to state the
Beyond-Use Date. Label it to state that it is for veterinary use only.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at 2 –8  or at controlled room temperature

•  USP Reference Standards 11
USP Benazepril Hydrochloride RS 

BRIEFING

Chloramphenicol Ophthalmic Ointment, USP 36 page 2927. The monograph is revised as
follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay is revised to update the solution preparation and delete the requirements for

column efficiency. The remaining criteria are adequate to evaluate system suitability.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Chloramphenicol Ophthalmic Ointment

DEFINITION

Chloramphenicol Ophthalmic Ointment contains NLT 90.0% and NMT 130.0% of the labeled
amount of chloramphenicol (C11H12Cl2N2O5).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

2S (USP37)
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Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol, glacial acetic acid, and water (450:1:550)
Standard stock solution:  0.25 mg/mL of USP Chloramphenicol RS in methanol
Standard solution:  0.1 mg/mL of USP Chloramphenicol RS from the Standard stock solution

in Mobile phase. Pass through a 0.5-µm or finer pore size
suitable

filter, and use the clear filtrate.
Sample stock solution:  Nominally 0.25 mg/mL of chloramphenicol prepared as follows.

Transfer a portion of Ophthalmic Ointment containing nominally 25 mg of chloramphenicol
to a suitable conical flask. Add 20 mL of cyclohexane, mix, and sonicate for 2 min. Add 60
mL of methanol. Filter this mixture, collecting the filtrate in a 100-mL volumetric flask.
Wash the filter with methanol, collecting the washings in the volumetric flask. Dilute with
methanol to volume. Transfer 50.0 mL of the resulting solution to a suitable round-bottom

flask, and evaporate to dryness by rotating the flask under vacuum in a water bath at 35
. Dissolve the residue in 50.0 mL of methanol.

Sample solution:  Nominally 0.1 mg/mL of chloramphenicol from the Sample stock solution
in Mobile phase. Pass through a 0.5-µm or finer pore size
suitable

filter, and use the clear filtrate.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1800 theoretical plates

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of chloramphenicol (C11H12Cl2N2O5) in the
portion of Ophthalmic Ointment taken:

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

rU= peak height from the Sample solution
rS= peak height from the Standard solution

2S (USP37)
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CS= concentration of USP Chloramphenicol RS in the Standard solution (mg/mL)
CU= nominal concentration of chloramphenicol in the Sample solution (mg/mL)
P= potency of chloramphenicol in USP Chloramphenicol RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–130.0%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Chloramphenicol RS 

BRIEFING

Chloramphenicol and Polymyxin B Sulfate Ophthalmic Ointment, USP 36 page 2930. The
monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay is revised to update the solution preparation and to delete the requirements

for column efficiency. The remaining criteria are adequate to evaluate system
suitability.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Chloramphenicol and Polymyxin B Sulfate Ophthalmic Ointment

DEFINITION

Chloramphenicol and Polymyxin B Sulfate Ophthalmic Ointment contains NLT 90.0% and NMT
120.0% of the labeled amount of chloramphenicol (C11H12Cl2N2O5) and NLT 90.0% and NMT
125.0% of the labeled amount of polymyxin B.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

2S (USP37)
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Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Chloramphenicol

Mobile phase:  Methanol, glacial acetic acid, and water (450:1:550)
Standard stock solution:  0.25 mg/mL of USP Chloramphenicol RS in methanol
Standard solution:  0.1 mg/mL of USP Chloramphenicol RS from the Standard stock solution

in Mobile phase. Pass through a 0.5-µm or finer pore size
suitable

filter, and use the clear filtrate.
Sample stock solution:  Nominally 0.25 mg/mL of chloramphenicol prepared as follows.

Transfer a portion of Ophthalmic Ointment containing nominally 25 mg of chloramphenicol
to a suitable conical flask. Add 20 mL of cyclohexane, mix, and sonicate for 2 min. Add 60
mL of methanol. Filter this mixture, collecting the filtrate in a 100-mL volumetric flask.
Wash the filter with methanol, collecting the washings in the volumetric flask. Dilute with
methanol to volume. Transfer 50.0 mL of the resulting solution to a suitable round-bottom

flask, and evaporate to dryness by rotating the flask under vacuum in a water bath at 35
. Dissolve the residue in 50.0 mL of methanol.

Sample solution:  Nominally 0.1 mg/mL of chloramphenicol from the Sample stock solution
in Mobile phase. Pass through a 0.5-µm or finer pore size
suitable

filter, and use the clear filtrate.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1800 theoretical plates

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of chloramphenicol (C11H12Cl2N2O5) in the
portion of Ophthalmic Ointment taken:

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

rU= peak height from the Sample solution
rS= peak height from the Standard solution

2S (USP37)
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CS= concentration of USP Chloramphenicol RS in the Standard solution (mg/mL)
CU= nominal concentration of chloramphenicol in the Sample solution (mg/mL)
P= potency of chloramphenicol in USP Chloramphenicol RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–120.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment containing nominally 5000

Polymyxin B Units with 50 mL of ether in a separator. Extract with four 20-mL portions of
Buffer B.6. Combine the aqueous extracts in a 100-mL volumetric flask, and dilute with
Buffer B.6 to volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard.

Acceptance criteria:  90.0%–125.0%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Chloramphenicol RS 
USP Polymyxin B Sulfate RS 

BRIEFING

Chloramphenicol, Polymyxin B Sulfate, and Hydrocortisone Acetate Ophthalmic
Ointment, USP 36 page 2931. It is proposed to omit the monograph for the following reasons.
No drug products formulated as defined under Chloramphenicol, Polymyxin B Sulfate, and
Hydrocortisone Acetate Ophthalmic Ointment are currently marketed in the United States. The
drug product is not currently used in veterinary medicine in the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Chloramphenicol, Polymyxin B Sulfate, and Hydrocortisone Acetate Ophthalmic
Ointment

2S (USP37)
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» Chloramphenicol, Polymyxin B Sulfate, and Hydrocortisone Acetate
Ophthalmic Ointment contains not less than 90.0 percent and not more than
120.0 percent of the labeled amount of chloramphenicol (C11H12Cl2N2O5), not
less than 90.0 percent and not more than 125.0 percent of the labeled
amount of polymyxin B, and not less than 90.0 percent and not more than
115.0 percent of the labeled amount of hydrocortisone acetate (C23H32O6).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Chloramphenicol RS
USP Polymyxin B Sulfate RS
USP Hydrocortisone Acetate RS

Identification—The retention times of the major peaks in the chromatogram of the Assay
preparation correspond to those in the chromatogram of the Standard preparation as obtained
in the Assay for chloramphenicol and hydrocortisone acetate.

Sterility 71 : meets the requirements.

Minimum fill 755 : meets the requirements.

Metal particles—It meets the requirements under Metal Particles in Ophthalmic Ointments 

751 .

Assay for polymyxin—Proceed with Ophthalmic Ointment as directed for polymyxin under

Antibiotics—Microbial Assays 81 , using an accurately weighed portion of Ophthalmic
Ointment, equivalent to about 5000 Polymyxin B Units, shaken in a separator containing about
50 mL of ether and extracted with four 20-mL portions of Buffer No. 6. Combine the aqueous
extracts in a 100-mL volumetric flask, dilute, if necessary, with Buffer No. 6 to volume, and
mix. Dilute an accurately measured portion of the resulting solution quantitatively with Buffer
No. 6 to obtain a Test Dilution having a concentration assumed to be equal to the median dose
level of the Standard.

Assay for chloramphenicol and hydrocortisone acetate—

Mobile phase and Chromatographic system—Proceed as directed in the Assay under
Chloramphenicol.

Standard preparation— Transfer about 25 mg of USP Chloramphenicol RS and 25J mg of USP
Hydrocortisone Acetate RS, both accurately weighed, J being the ratio of the labeled amount,
in mg, of hydrocortisone acetate to the labeled amount, in mg, of chloramphenicol per g of
Ophthalmic Ointment, to a 100-mL volumetric flask, dissolve in methanol, dilute with methanol
to volume, and mix. Transfer 10.0 mL of the resulting solution to a 25-mL volumetric flask,
dilute with Mobile phase to volume, and mix. Filter a portion of this solution through a 0.5-µm or
finer porosity filter, and use the clear filtrate as the Standard preparation.

Assay preparation— Using Ophthalmic Ointment, proceed as directed for Assay preparation in
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the Assay under Chloramphenicol Ophthalmic Ointment.

Procedure— Proceed as directed for Procedure in the Assay under Chloramphenicol. Calculate
the quantity, in mg, of chloramphenicol (C11H12Cl2N2O5) in the portion of Ophthalmic Ointment
taken by the formula:

0.25C(rU / rS)

in which the terms are as defined therein. Calculate the quantity, in mg, of hydrocortisone
acetate (C23H32O6) in the portion of Ophthalmic Ointment taken by the formula:

250C(rU / rS)

in which C is the concentration, in mg per mL, of USP Hydrocortisone Acetate RS in the
Standard preparation, and the other terms are as defined therein.

BRIEFING

Chloramphenicol and Prednisolone Ophthalmic Ointment, USP 36 page 2931. It is
proposed to omit the monograph for the following reasons. No drug products formulated as
defined in Chloramphenicol and Prednisolone Ophthalmic Ointment are currently marketed in the
United States. The drug product is not currently used in veterinary medicine in the United
States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Chloramphenicol and Prednisolone Ophthalmic Ointment

» Chloramphenicol and Prednisolone Ophthalmic Ointment contains not less
than 90.0 percent and not more than 130.0 percent of the labeled amount of
chloramphenicol (C11H12Cl2N2O5), and not less than 90.0 percent and not
more than 115.0 percent of the labeled amount of prednisolone (C21H28O5).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Chloramphenicol RS
USP Prednisolone RS

Identification—

A: Transfer a quantity of Ophthalmic Ointment, equivalent to about 20 mg of chloramphenicol,
to a screw-capped test tube, add 5 mL of 5 N sodium hydroxide and 2 mL of pyridine, and

shake. Place the tube in a water bath at 50  for 20 minutes: a reddish brown color develops in
the pyridine layer.

B: The retention time of the major peak in the chromatogram of the Assay preparation
corresponds to that in the chromatogram of the Standard preparation as obtained in the Assay
for chloramphenicol.

C: Transfer a quantity of Ophthalmic Ointment, equivalent to about 1.5 mg of prednisolone, to

2S (USP37)
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a screw-capped test tube, add 10 mL of methylene chloride, and shake to disperse. Heat at 60

 for 15 minutes, and allow to cool while shaking for about 30 minutes. Allow to separate, draw
off the upper ointment layer, and retain the lower methylene chloride layer. Apply, in portions,
0.4 mL each of the methylene chloride test solution and a Standard solution of USP
Prednisolone RS in chloroform containing 0.5 mg per mL to a suitable thin-layer chromatographic

plate (see Chromatography 621 ), coated with a 0.25-mm layer of chromatographic silica gel
mixture. Allow each portion to dry before adding the next portion to the same spot. Develop
the chromatogram in a chromatographic chamber lined with paper and equilibrated with a
solvent system consisting of a mixture of chloroform and acetone (4:1) until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate. Locate the
spots on the plate by examination under short-wavelength UV light: the RF value of the
principal spot obtained from the Test solution corresponds to that obtained from the Standard
solution.

Sterility 71 : meets the requirements.

Minimum fill 755 : meets the requirements.

Metal particles—It meets the requirements under Metal Particles in Ophthalmic Ointments 

751 .

Assay for chloramphenicol—

Methanol-water solution and Mobile phase—Proceed as directed in the Assay for prednisolone.

Standard preparation— Dissolve an accurately weighed quantity of USP Chloramphenicol RS in
Methanol-water solution to obtain a solution having a known concentration of about 0.3 mg per
mL.

Assay preparation— Transfer an accurately weighed portion of Ophthalmic Ointment, equivalent
to about 3.0 mg of chloramphenicol, to a screw-capped test tube. Add 10 mL of n-heptane,
and shake by mechanical means until the substance is dissolved. Add 10.0 mL of Methanol-
water solution, and shake by mechanical means for 30 seconds. Allow the layers to separate,
and carefully remove the upper phase. Centrifuge the lower phase for 15 minutes, and use the
clear portion as the Assay preparation.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 280-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 1 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed under Procedure: the peak for chloramphenicol obtained from the
Ophthalmic Ointment, at a retention time corresponding to that of the peak obtained from the
Reference Standard, exhibits baseline separation from the adjacent prednisolone peak, and the
relative standard deviation of replicate injections is not more than 1.5%.

Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C11H12Cl2N2O5 in the portion
of Ophthalmic Ointment taken by the formula:
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10C(rU / rS)

in which C is the concentration, in mg per mL, of USP Chloramphenicol RS in the Standard
preparation; and rU and rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively.

Assay for prednisolone—

Methanol-water solution— Mix 4 volumes of methanol with 1 volume of water, and mix.

Mobile phase— Dissolve 0.68 g of sodium acetate trihydrate in 400 mL of water in a 1000-mL
graduated cylinder, adjust with glacial acetic acid to a pH of 4.0, and dilute with water to 500
mL. Dilute with methanol to 1000 mL, and mix. Filter this solution through a membrane filter (1
µm or finer porosity), and degas. Make adjustments if necessary (see System Suitability under

Chromatography 621 ).

Standard preparation— Dissolve an accurately weighed quantity of USP Prednisolone RS in
Methanol-water solution to obtain a solution having a known concentration of about 0.2 mg per
mL.

Assay preparation— Transfer an accurately weighed portion of Ophthalmic Ointment, equivalent
to about 2.0 mg of Prednisolone, to a screw-capped test tube. Add 10 mL of n-heptane, and
shake by mechanical means until the substance is dissolved. Add 10.0 mL of Methanol-water
solution, and shake by mechanical means for 30 seconds. Allow the layers to separate, and
carefully remove the upper phase. Centrifuge the lower phase for 15 minutes, and use the clear
portion as the Assay preparation.

Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 30-cm column that contains packing L1. The flow rate
is about 1.5 mL per minute. Chromatograph the Standard preparation, and record the peak
responses as directed under Procedure: the peak for prednisolone obtained from the Ophthalmic
Ointment, at a retention time corresponding to that of the peak obtained from the Reference
Standard, exhibits baseline separation from the adjacent chloramphenicol peak, and the relative
standard deviation of replicate injections is not more than 1.5%.

Procedure— Separately inject equal volumes (about 15 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
responses for the major peaks. Calculate the quantity, in mg, of C21H28O5 in the portion of
Ophthalmic Ointment taken by the formula:

10C(rU / rS)

in which C is the concentration, in mg per mL, of USP Prednisolone RS in the Standard
preparation; and rU and rS are the peak responses obtained from the Assay preparation and
the Standard preparation, respectively.

BRIEFING

Chloroxylenol, USP 36 page 2956 and PF 38(6) [Nov.–Dec. 2012]. On the basis of comments
received, it is proposed to add the test for Limit of Tetrachloroethylene to be consistent
with the sponsor's FDA-approved specifications. The test is added because the general test

chapter Residual Solvents 467  does not name this solvent with a limit. The gas
chromatographic method in the test is based on analyses performed using the Phenomenex

2S (USP37)
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Zebron-Wax brand of G14 column or Agilent DB-Wax brand of G16 column. The typical
retention times for tetrachloroethylene and 1-butanol are 0.8 and 1.5 min, respectively.

(SM1: A. Martin-Esker.)
Correspondence Number—C124884

Comment deadline: November 30, 2013
Chloroxylenol

C8H9ClO       156.61 

Phenol, 4-chloro-3,5-dimethyl-;     
4-Chloro-3,5-xylenol     [88-04-0].

DEFINITION

Chloroxylenol contains NLT 98.5% of chloroxylenol (C8H9ClO).

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Internal standard solution:  0.8 mg/mL of p-chlorophenol in chloroform
Standard solution:  1 mg/mL of USP Chloroxylenol RS in the Internal standard solution
Sample solution:  1 mg/mL of Chloroxylenol in the Internal standard solution
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m packed with 3% phase G16 on support S1A
Temperature 

USP37
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Column:  210

Injection port:  210

Detector:  210
Carrier gas:  Dry nitrogen
Flow rate:  30 mL/min
Injection volume:  2 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between the p-chlorophenol peak and the chloroxylenol peak
Tailing factor:  NMT 1.5 for the chloroxylenol peak
Relative standard deviation:  NMT 1.5%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of chloroxylenol (C8H9ClO) in the portion of Chloroxylenol taken:

Result = (RU/RS) × CS/CU) × 100

RU= peak area ratio of the chloroxylenol peak to that of the p-chlorophenol peak from the
Sample solution

RS= peak area ratio of the chloroxylenol peak to that of the p-chlorophenol peak from the
Standard solution

CS= concentration of Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  NLT 98.5% of chloroxylenol (C8H9ClO)
Internal standard solution:  4 mg/mL of USP Parachlorophenol RS in toluene
Standard solution:  1 mg/mL of USP Chloroxylenol RS prepared as follows. Transfer 10

mg of USP Chloroxylenol RS to a 10.0-mL volumetric flask, add 2.0 mL of the Internal
standard solution, and dilute with toluene to volume.

Sample solution:  1 mg/mL of chloroxylenol prepared as follows. Transfer 10 mg of
Chloroxylenol to a 10.0-mL volumetric flask, add 2.0 mL of the Internal standard
solution, and dilute with toluene to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m; coated with a 0.50-µm film of phase G42
Temperatures 

Injection port:  250

Detector:  250
Column:  See Table 1.

Table 1
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Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

105 0 105 1
105 6 190 8

Carrier gas:  Helium
Flow rate:  2.4 mL/min
Injection volume:  2 µL
Split ratio:  25:1
Run time:  23 min

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 5.0 between the parachlorophenol and chloroxylenol peaks
Tailing factor:  NMT 1.5 for the chloroxylenol peak
Relative standard deviation:  NMT 1.5%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of chloroxylenol (C8H9ClO) in the portion of Chloroxylenol
taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak area ratio of the chloroxylenol peak to that of the parachlorophenol peak from
the Sample solution

RS= peak area ratio of the chloroxylenol peak to that of the parachlorophenol peak from
the Standard solution

CS= concentration of chloroxylenol in the Standard solution (mg/mL)
CU= concentration of Chloroxylenol in the Sample solution (mg/mL)

Acceptance criteria:  NLT 98.5%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Iron 241
Sample:  0.10 g
Analysis:  Transfer the Sample to a suitable crucible, add 5 drops of sulfuric acid, and

ignite at a low heat until thoroughly ashed. Add 10 drops of sulfuric acid to the carbonized
mass, and heat cautiously until white fumes are no longer evolved. Ignite, preferably in a

muffle furnace, at 500 –600 , until the carbon is completely burned off. Cool, add 4 mL of
6 N hydrochloric acid, cover, digest on a steam bath for 15 min, uncover, and slowly
evaporate on a steam bath to dryness. Moisten the residue with 1 drop of hydrochloric
acid, add 10 mL of hot water, and digest for 2 min. Dilute with water to 25 mL. Filter, if
necessary. Rinse the crucible and the filter with 10 mL of water, combining the filtrate and
rinsing in a 50-mL color-comparison tube; add 2 mL of hydrochloric acid; dilute with water
to 47 mL; and mix.

USP37
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Acceptance criteria:  NMT 0.01%

Add the following:
•  Limit of Tetrachloroethylene

Internal standard stock solution:  20 µL/mL of 1-butanol in methanol
Internal standard solution:  2 µL/mL of 1-butanol in methanol from Internal standard

stock solution
Tetrachloroethylene standard stock solution:  20 µL/mL of tetrachloroethylene in

methanol
Tetrachloroethylene standard solution:  2 µL/mL of tetrachloroethylene in methanol from

Tetrachloroethylene standard stock solution
Standard solution:  0.4 µL/mL each of 1-butanol and tetrachloroethylene in methanol from

Internal standard solution and Tetrachloroethylene standard solution, respectively,
prepared as follows. Combine 5 mL each of Internal standard solution and
Tetrachloroethylene standard solution in a 25-mL volumetric flask, dilute with methanol to
volume, and mix.

Sample solution:  160 mg/mL of chloroxylenol and 0.4 µL/mL of 1-butanol in methanol
prepared as follows. Weigh 4 g of chloroxylenol in a 25-mL volumetric flask, combine with
5 mL of Internal standard solution, and dilute with methanol to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m; 1.0-µm film of phase G14 or G16
Carrier gas:  Hydrogen
Temperatures 

Injector:  240

Detector:  240
Column:  See Table 2.

Table 2

Initial Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 0 70 2
210 0 210 5

Flow rate:  12.8 mL/min
Injection volume:  0.5 µL
Split ratio:  20:1

System suitability 
Sample:  Standard solution
[Note—The relative retention times for tetrachloroethylene and 1-butanol are about 1.0

and 1.9, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between tetrachloroethylene and the solvent front of methanol
Tailing factor:  NM T 1.2 for the tetrachloroethylene and 1-butanol peaks
Relative standard deviation:  NMT 8.0% for the ratio of the 1-butanol to the

PF 39(5): Sep.-Oct. 2013 493



tetrachloroethylene peak
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of tetrachloroethylene in the portion of Chloroxylenol taken by
comparing the peak response ratio of tetrachloroethylene to the internal standard from
the Standard solution to that of the peak response ratio of tetrachloroethylene to the
internal standard from the Sample solution:

Result = (RU/RS) × (CS/CU) × d × F × 100

RU= peak response ratio of tetrachloroethylene to 1-butanol from the Sample solution
RS= peak response ratio of tetrachloroethylene to 1-butanol from the Standard solution
CS= concentration of tetrachloroethylene in the Standard solution (mL/mL)
CU= concentration of Chloroxylenol in the Sample solution (mg/mL)
d= density of tetrachloroethylene, 1.623 g/mL
F= conversion factor, 1 mg/0.001 g

Acceptance criteria:  NMT 0.4% of tetrachloroethylene

Change to read:
•  Organic Impurities

Standard solution:  0.08 mg/mL each of 3,5-dimethylphenol and USP Chloroxylenol Related
Compound A RS in chloroform

Sample solution:  40.0 mg/mL of chloroxylenol in chloroform
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m column packed with 3% phase G16 on support S1A
Temperature 

Column:  180

Injection port:  200

Detector:  200
Carrier gas:  Dry nitrogen
Flow rate:  30 mL/min
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 4.5 between 3,5-dimethylphenol and chloroxylenol related compound
A

Relative standard deviation:  NMT 10%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentages of 3,5-dimethylphenol (C8H10O) and chloroxylenol related

2S (USP37)
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compound A (C8H9ClO) in the portion of Chloroxylenol taken:

Result = (rU/rS) × 100

rU= peak area of the appropriate analyte from the Sample solution
rS= peak area of the appropriate analyte from the Standard solution

Calculate the percentage of each impurity in the portion of Chloroxylenol taken:

Result = (rU/rT) × 100

rU= area of each peak from the Sample solution, excluding that of the main chloroxylenol
peak, the 3,5-dimethylphenol peak, and the chloroxylenol related compound A peak

rT= sum of the areas of all the peaks

Calculate the percentage of total impurities in the portion of Chloroxylenol taken:

Result = (rT/rS) × 100

rT= sum of the areas of all the peaks from the Sample solution, excluding that of the main
chloroxylenol peak

rS= sum of the areas of all the peaks from the Sample solution

Acceptance criteria 
3,5-Dimethylphenol:  NMT 0.2%
Chloroxylenol related compound A:  NMT 0.2%
Any individual impurity:  NMT 0.5%
Total impurities:  NMT 1.5%
Standard solution:  0.02 mg/mL each of 3,5-dimethylphenol and USP Chloroxylenol
Related Compound A RS in toluene
Sample solution:  10.0 mg/mL of Chloroxylenol in toluene
Chromatographic system:  Proceed as directed in the Assay.
System suitability 

Sample:  Standard solution
[Note—For relative retention times, see Table 3.]
Suitability requirements 

Resolution:  NLT 8 between 3,5-dimethylphenol and chloroxylenol related compound
A

Relative standard deviation:  NMT 3%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentages of 3,5-dimethylphenol (C8H10O) and chloroxylenol related
compound A (C8H9ClO) in the portion of Chloroxylenol taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the appropriate analyte from the Sample solution
rS= peak response of 3,5-dimethylphenol or chloroxylenol related compound A from the

Standard solution
CS= concentration of 3,5-dimethylphenol or chloroxylenol related compound A in the

Standard solution (mg/mL)
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CU= concentration of the Sample solution (mg/mL)

Calculate the percentage of each unspecified impurity in the portion of Chloroxylenol
taken:

Result = (rU/rT) × 100

rU= peak response of each unspecified impurity from the Sample solution
rT= sum of all the peak responses

Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

3,5-Dimethylphenol 0.58 0.2
Chloroxylenol related compound A 0.64 0.2
Chloroxylenol 1.0 —
Any individual impurity — 0.5
Total impurities — 1.5

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 114 –116  

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Chloroxylenol RS 
USP Chloroxylenol Related Compound A RS  

2-Chloro-3,5-dimethylphenol.    
USP Parachlorophenol RS  

BRIEFING

Chlortetracycline Hydrochloride Ophthalmic Ointment, USP 36 page 2970. The monograph
is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.

(SM1: A. Wise.)
Correspondence Number—C132038

USP37

USP37

USP37
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Comment deadline: November 30, 2013
Chlortetracycline Hydrochloride Ophthalmic Ointment

DEFINITION

Chlortetracycline Hydrochloride Ophthalmic Ointment contains NLT 90.0% and NMT 125.0% of
the labeled amount of chlortetracycline hydrochloride (C22H23ClN2O8·HCl).

ASSAY
•  Procedure 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment containing nominally 10 mg of

chlortetracycline hydrochloride in a separator with 50 mL of ether, and extract with four
20-mL portions of 0.01 N hydrochloric acid. Combine the aqueous extracts in a 100-mL
volumetric flask, and dilute with 0.01 N hydrochloric acid to volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with water to
obtain a Test Dilution having a chlortetracycline hydrochloride concentration that is
nominally equivalent to the median level of the standard.

Acceptance criteria:  90.0%–125.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Chlortetracycline Hydrochloride RS 

BRIEFING

2S (USP37)
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Ciprofloxacin Ophthalmic Ointment, USP 36 page 2999. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The criterion for column efficiency in the Assay is removed because the remaining

criteria are adequate to evaluate System suitability.

(SM1: S. Shivaprasad.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Ciprofloxacin Ophthalmic Ointment

DEFINITION

Ciprofloxacin Ophthalmic Ointment contains an amount of Ciprofloxacin Hydrochloride equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of ciprofloxacin (C17H18FN3O3).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  0.17 g/L of tetrabutylammonium phosphate in water. Adjust with phosphoric acid to
a pH of 2.0.

Mobile phase:  Methanol and Buffer (250:750)
Standard solution:  0.033 mg/mL of USP Ciprofloxacin Hydrochloride RS in 0.1 N

hydrochloric acid
System suitability solution:   5 µg/mL of USP Ciprofloxacin Ethylenediamine Analog RS in

Standard solution
Sample solution:  Transfer an amount nominally equivalent to 750 µg of ciprofloxacin from

the Ophthalmic Ointment to a screw-capped tube. Add 15 mL of solvent hexane, and
shake vigorously until the Ophthalmic Ointment is dispersed. Loosen the cap, and heat in a

water bath at 60  for 30 min, with occasional swirling. Remove from the bath, tighten the
cap, and shake for 1.5 min while still hot. Add 25.0 mL of 0.1 N hydrochloric acid, and
shake vigorously for 1.5 min. Allow the layers to separate, and use the lower, aqueous
layer.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
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[Note—The relative retention times for the ciprofloxacin ethylenediamine analog and
ciprofloxacin are 0.8 and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.0 between ciprofloxacin ethylenediamine analog and ciprofloxacin,

System suitability solution
Column efficiency:  NLT 500 theoretical plates, Standard solution

Tailing factor:  0.9–2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of ciprofloxacin (C17H18FN3O3) in the
portion of the Ophthalmic Ointment taken: 

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ciprofloxacin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of ciprofloxacin in the Sample solution (mg/mL)
Mr1= molecular weight of ciprofloxacin, 331.34
Mr2= molecular weight of anhydrous ciprofloxacin hydrochloride, 367.81

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

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

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes. Store at a

temperature between 2  and 25 .

•  USP Reference Standards 11
USP Ciprofloxacin Ethylenediamine Analog RS  

2S (USP37)
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1-Cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-[(2-aminoethyl)amino]-3-
quinolinecarboxylic acid hydrochloride.     
C15H16FN3O3·HCl      341.77

USP Ciprofloxacin Hydrochloride RS 

BRIEFING

Cisatracurium Besylate. Because there is no existing USP monograph for this drug substance,
a new monograph based on validated methods is being proposed.

1. The stability-indicating liquid chromatographic procedure in the Assay and in the test for
Organic Impurities is based on analyses performed with the Kromasil C18 brand of L1
column. The typical retention time for cisatracurium is about 20.3 min.

2. The liquid chromatographic procedure in the test for Limit of Methyl Benzenesulfonate is
based on analyses performed with the Spherisorb ODS1 brand of L1 column. The
typical retention time for methyl benzenesulfonate is about 7.0 min.

(SM: H. Joyce, R. Ravichandran.)
Correspondence Number—C111376

Comment deadline: November 30, 2013

Add the following:
Cisatracurium Besylate

C65H82N2O18S2       1243.48 

Isoquinolinium, 2,2¢-[1,5-pentanediylbis[oxy(3-oxo-3,1-propanediyl)]]bis[1-[(3,4-
dimethoxyphenyl)methyl]-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-, dibenzenesulfonate,
[1R-[1 ,2 (1¢R*,2¢R*)]]-;     
(1R,2R)-2-(2-Carboxyethyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-1-
veratrylisoquinolinium benzenesulfonate, pentamethylene ester     [96946-42-8].

DEFINITION

Cisatracurium Besylate contains NLT 97.0% and NMT 101.0% of cisatracurium besylate
(C65H82N2O18S2), calculated on the anhydrous and solvent-free basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  33.3 g/L of ammonium formate prepared as follows. Dissolve 32.8 g of ammonium
formate in 984 mL of water, and add 16 mL of anhydrous formic acid.

Mobile phase:  Acetonitrile, methanol, and Buffer (20:20:60)
Diluent:  Acetonitrile, methanol, and water (20:20:60). Add 0.4 mL of anhydrous formic acid

per 1 L.
System suitability solution:  0.7 mg/mL of USP Cisatracurium Besylate System Suitability

Mixture RS in Diluent
Standard solution:  0.7 mg/mL of USP Cisatracurium Besylate RS in Diluent
Sample solution:  0.7 mg/mL of Cisatracurium Besylate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25.0-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL
Run time:  NLT 2.5 times the retention time of cisatracurium

System suitability 
Samples:  System suitability solution and Standard solution

[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between the peaks for R-cis-R¢-trans-atracurium and
cisatracurium, System suitability solution

Tailing factor:  NMT 1.7 for cisatracurium, System suitability solution
Relative standard deviation:  NMT 1.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of cisatracurium besylate (C65H82N2O18S2) in the portion of
Cisatracurium Besylate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cisatracurium Besylate RS in the Standard solution (mg/mL)
CU= concentration of Cisatracurium Besylate in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–101.0% on the anhydrous and solvent-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities
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Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Cisatracurium Besylate taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses from the Sample solution

Acceptance criteria:  See Table 1. Disregard any peak representing less than 0.09% of the
area of the major peak.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

cis-Quaternary acida 0.14 0.2

(R)-N-Methylaudanosineb 0.16 0.2

(R)-Laudanosinec 0.20 0.6

cis-Quaternary methyl esterd 0.23 0.4

cis-Quaternary alcohole 0.29 0.5

R-trans-R¢-trans-Atracuriumf 0.74 0.2

R-cis-R¢-trans-Atracuriumg 0.87 0.8
Cisatracurium 1.0 —

trans-Monoquaternary compoundh 1.17 0.5

trans-Monoacrylatei 1.28 0.5

cis-Monoquaternary compoundj 1.39 0.7

cis-cis-Triester analogk 1.46 0.4

cis-Monoacrylatel 1.56 1.0
Any individual unspecified impurity — 0.1
Total impurities — 3.0
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a  (1R,2R)-2-(2-Carboxyethyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-1-
veratrylisoquinolinium benzenesulfonate.

b  (R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2,2-dimethyl-1-veratrylisoquinolinium
benzenesulfonate.

c  (R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2-methyl-1-veratrylisoquinoline.
d  (1R, 2R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2-[2-(methoxycarbonyl)ethyl]-2-methyl-1-

veratrylisoquinolinium benzenesulfonate.
e  (1R,2R)-1,2,3,4-Tetrahydro-2-(9-hydroxy-3-oxo-4-oxanonyl)-6,7-dimethoxy-2-methyl-

1-veratrylisoquinolinium benzenesulfonate.
f  (1R,1¢R,2S,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-6,7-

dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.
g  (1R,1¢R,2R,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-

6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.
h  (1R,1¢R,2S)-2-Methyl-2,2¢-(3,11-dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-

tetrahydro-6,7-dimethoxy-1-veratrylisoquinolinium) dibenzenesulfonate. 
i  (1R,2S)-2-(3,11-Dioxo-4,10-dioxa-12-tridecenyl)-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-

methyl-1-veratrylisoquinolinium) benzenesulfonate.
j  (1R,1¢R,2R)-2-Methyl-2,2¢-(3,11-dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-

tetrahydro-6,7-dimethoxy-1-veratrylisoquinolinium) dibenzenesulfonate.
k  (1R,1¢R,2R,2¢R)-2,2¢-(3,7,15-Trioxo-4,8,14-trioxa-heptadecamethylene)bis(1,2,3,4-

tetrahydro-6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate. 
l  (1R,2R)-2-(3,11-Dioxo-4,10-dioxa-12-tridecenyl)-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-

methyl-1-veratrylisoquinolinium) benzenesulfonate.

•  Limit of Methyl Benzenesulfonate
[Note—Prepare the solutions immediately before use. Methyl benzenesulfonate is slowly

hydrolyzed in aqueous solutions.]
Mobile phase:  Acetonitrile and water (45:55)
Internal standard solution:  1.2 mg/mL of methyl p-toluenesulfonate in acetonitrile
Standard stock solution A:  1.2 mg/mL of methyl benzenesulfonate in acetonitrile
Standard stock solution B:  48 µg/mL of methyl benzenesulfonate from Standard stock

solution A in Mobile phase prepared as follows. Transfer 2.0 mL of Standard stock solution
A and 5.0 mL of Internal standard solution to a 50-mL volumetric flask, and dilute with
Mobile phase to volume.

Standard solution:  2.4 µg/mL of methyl benzenesulfonate from Standard stock solution B
in Mobile phase

Sample solution:  Nominally 0.2 g/mL of Cisatracurium Besylate in Mobile phase prepared
as follows. Transfer 1.0 g of Cisatracurium Besylate into a suitable separator.
Immediately add 25 µL of Internal standard solution, and dissolve the contents in 25 mL
of water using vigorous shaking. Add 25 mL of ethyl acetate, and shake vigorously for 2
min. Allow the phases to separate until the aqueous layer is clear and for NMT 2 h.
Evaporate the organic layer to dryness in a stream of air. Dissolve the residue in 5.0 mL
of Mobile phase by sonication and gentle swirling.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
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Column:  4.6-mm × 25.0-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  5 times the retention time of methyl benzenesulfonate

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between methyl benzenesulfonate and methyl p-toluenesulfonate
Relative standard deviation:  NMT 2.0% for methyl benzenesulfonate and methyl p-

toluenesulfonate
Analysis 

Samples:  Standard solution and Sample solution

Calculate the concentration of methyl benzenesulfonate in the portion of Cisatracurium
Besylate taken:

Result = (RU/RS) × (CS/CU)

RU= peak height ratio of methyl benzenesulfonate to the internal standard from the Sample
solution

RS= peak height ratio of methyl benzenesulfonate to the internal standard from the
Standard solution

CS= concentration of methyl benzenesulfonate in the Standard solution (µg/mL)
CU= concentration of Cisatracurium Besylate in the Sample solution (g/mL)

Acceptance criteria:  NMT 10 ppm

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781
Sample solution:  10.0 mg/mL in acetonitrile

Acceptance criteria:  60.0  to 54.0  at 20 , calculated on the anhydrous and solvent-
free basis

•  pH 791
Sample solution:  7 mg/mL of Cisatracurium Besylate in water
Acceptance criteria:  5.0–6.5

•  Water Determination, Method Ia 921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store cold,

desiccated.

•  USP Reference Standards 11
USP Cisatracurium Besylate RS
USP Cisatracurium Besylate System Suitability Mixture RS 

R-trans-R¢-trans-Atracurium:     
(1R,1¢R,2S,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-
6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.     
C65H82N2O18S2      1243.48 
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R-cis-R¢-trans-Atracurium:     
(1R,1¢R,2R,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-
6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.     
C65H82N2O18S2      1243.48 
Other related compounds.    

BRIEFING

Cisatracurium Besylate Injection. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods is being proposed.

1. The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses conducted with the Kromasil C18 brand of L1 column.
The typical retention time for cisatracurium is about 18–23 min.

2. The liquid chromatographic procedure in the test for Benzyl Alcohol Content is based on
analyses conducted with the DB-Wax (100% cross-linked polyethylene glycol) brand
of G16 column. The typical retention time of benzyl alcohol is 6.4 min.

(SM: R. Ravichandran, H. Joyce.)
Correspondence Number—C114356

Comment deadline: November 30, 2013

Add the following:
Cisatracurium Besylate Injection

DEFINITION

Cisatracurium Besylate Injection contains NLT 90.0% and NMT 110.0% of the labeled amount of
cisatracurium (C53H72N2O12). Multiple-dose containers may contain benzyl alcohol.

IDENTIFICATION

•  A. Infrared Absorption 197K
Standard solution:  3 mg/mL of USP Cisatracurium Besylate RS in methylene chloride
Sample solution 
[Note—If an emulsion forms during the extraction with methylene chloride, use a centrifuge

to separate the layers.]
For Injections that do not contain benzyl alcohol:  Nominally 2 mg/mL of cisatracurium

from the Injection in methylene chloride prepared as follows. Transfer an amount of
Injection equivalent to 10 mg of cisatracurium into a suitable separator, and extract
with 5 mL of methylene chloride. Use the lower methylene chloride layer.

For Injections containing benzyl alcohol:  Nominally 2 mg/mL of cisatracurium from the
Injection in methylene chloride prepared as follows. Transfer an amount of Injection
equivalent to 10 mg of cisatracurium into a suitable separator, and extract with 20.0 mL
of ethyl acetate. Transfer the lower aqueous layer into another separator, and extract
with 5 mL of methylene chloride. Use the lower methylene chloride layer.

Acceptance criteria:  Meets the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

2S (USP37)
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ASSAY
•  Procedure

Solution A:  Acetonitrile, methanol, water, and anhydrous formic acid (21:21:60:1)
Mobile phase:  19.4 g/L of ammonium formate in Solution A. Filter under vacuum using a

suitable filter.
Diluent:  Acetonitrile, methanol, and water (20:20:60). Add 0.4 mL of anhydrous formic acid

per 1 L.
System suitability solution:  0.7 mg/mL of USP Cisatracurium Besylate System Suitability

Mixture RS in Diluent
Standard solution:  0.7 mg/mL of USP Cisatracurium Besylate RS in Diluent
Sample solution:  Nominally 0.7 mg/mL of cisatracurium besylate from the Injection in

Diluent, equivalent to 0.5 mg/mL of cisatracurium, prepared as follows. Using a "to
contain" pipet, transfer a suitable volume of Injection to an appropriate volumetric flask,
and dilute with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25.0-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between R-cis-R¢-trans-atracurium and cisatracurium, System
suitability solution

Tailing factor:  NMT 1.7 for cisatracurium, Standard solution
Relative standard deviation:  NMT 1.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of cisatracurium (C53H72N2O12) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of cisatracurium from the Sample solution
rS= peak response of cisatracurium from the Standard solution
CS= concentration of the USP Cisatracurium Besylate RS in the Standard solution
CU= nominal concentration of cisatracurium in the Sample solution (mg/mL)
Mr1= molecular weight of cisatracurium, 929.14
Mr2= molecular weight of cisatracurium besylate, 1243.48

Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS
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•  Benzyl Alcohol Content (if present)
Internal standard solution:  4.5 mg/mL of decanol in ethyl acetate
Standard stock solution:  9.0 mg/mL of USP Benzyl Alcohol RS in water
Standard solution:  0.45 mg/mL of benzyl alcohol from the Standard stock solution

prepared as follows. Transfer 5.0 mL of Standard stock solution and 20.0 mL of ethyl
acetate into a 50-mL centrifuge tube. Stopper, shake well for 30 s, and allow the phases
to separate. Transfer 10.0 mL of the top (organic) layer and 5.0 mL of the Internal
standard solution into a 50-mL volumetric flask. Dilute with ethyl acetate to volume.

Sample solution:  Transfer 5.0 mL of the Injection and 20.0 mL of ethyl acetate into a 50-
mL centrifuge tube. Stopper, shake well for 30 s, and allow the phases to separate.
Transfer 10.0 mL of the top (organic) layer and 5.0 mL of the Internal standard solution
into a 50-mL volumetric flask. Dilute with ethyl acetate to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 15-m fused-silica capillary column coated with a 1.0-µm layer of

liquid phase G16
Temperatures 

Detector:  250

Injection port:  220

Column:  140
Carrier gas:  Helium
Flow rate:  5.0 mL/min
Injection volume:  1 µL
Injection type:  Split ratio, 2.5: 1

System suitability 
Sample:  Standard solution

[Note—The relative retention times for decanol and benzyl alcohol are 0.62 and 1.0,
respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between decanol and benzyl alcohol
Relative standard deviation:  NMT 2.0% for peak area ratios of benzyl alcohol to

decanol
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of benzyl alcohol in the portion of
Injection taken:

Result = (RU/RS) × (CS/L) × 100

RU= peak area ratio of benzyl alcohol to the internal standard from the Sample solution
RS= peak area ratio of benzyl alcohol to the internal standard from the Standard solution
CS= concentration of USP Benzyl Alcohol RS in the Standard stock solution (mg/mL)
L= label claim of benzyl alcohol (mg/mL)
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Acceptance criteria:  90.0%–110.0% of the labeled amount of benzyl alcohol

IMPURITIES
•  Organic Impurities

Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability:  Proceed as directed in
the Assay.

Sensitivity solution:  0.4 µg/mL of USP Cisatracurium Besylate RS in Diluent
Analysis 

Samples:  Standard solution, Sample solution, and Sensitivity solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response for each impurity from the Sample solution
rS= peak response of cisatracurium from the Standard solution
CS= concentration of USP Cisatracurium Besylate RS in the Standard solution (mg/mL)
CU= nominal concentration of cisatracurium in the Sample solution (mg/mL)
Mr1= molecular weight of cisatracurium, 929.14
Mr2= molecular weight of cisatracurium besylate, 1243.48

Acceptance criteria:  See Table 1. Disregard any peaks with responses less than the peak
from the Sensitivity solution.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

cis-Quaternary acida 0.13 4.3

(R)-N-Methylaudanosineb,c 0.15 —

(R)-Laudanosined 0.19 4.0

cis-Quaternary methyl estere,c and benzyl
alcoholf 0.22

—

cis-Quaternary alcoholg 0.27 4.1
Benzaldehydeh 0.40 —

R-trans-R¢-trans-Atracuriumi,c 0.72 —

R-cis-R¢-trans-Atracuriumj,c 0.88 —

trans-Monoquaternary compoundk,c 1.19 —

trans-Monoacrylatel,c 1.30 —

cis-Monoquaternary compoundm,c 1.42 —

cis-cis-Triester analogn,c 1.47 —

cis-Monoacrylateo 1.58 2.5
Any individual unspecified degradation product — 0.2
Total degradation products — 14.4
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a  (1R,2R)-2-(2-Carboxyethyl)-1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-1-
veratrylisoquinolinium benzenesulfonate.

b  (R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2,2-dimethyl-1-veratrylisoquinolinium
benzenesulfonate.

c This is a process impurity that is included in the table for identification only. This impurity
is controlled in the drug substance. It is not to be reported for the drug product and is
not to be included in the total degradation products.

d (R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2-methyl-1-veratrylisoquinoline.
e  (1R, 2R)-1,2,3,4-Tetrahydro-6,7-dimethoxy-2-[2-(methoxycarbonyl)ethyl]-2-methyl-1-

veratrylisoquinolinium benzenesulfonate.
f  Benzyl alcohol co-elutes with cis-quaternary methyl ester. It is monitored using the test

for Benzyl Alcohol Content.
g  (1R,2R)-1,2,3,4-Tetrahydro-2-(9-hydroxy-3-oxo-4-oxanonyl)-6,7-dimethoxy-2-methyl-

1-veratrylisoquinolinium benzenesulfonate.
h  Benzaldehyde is a degradant of benzyl alcohol and is not included in the total impurities.

i  (1R,1¢R,2S,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-6,7-
dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.

j  (1R,1¢R,2R,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-6,7-
dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate. 

k  (1R,1¢R,2S)-2-Methyl-2,2¢-(3,11-dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-
tetrahydro-6,7-dimethoxy-1-veratrylisoquinolinium) dibenzenesulfonate. 

l  (1R,2S)-2-(3,11-Dioxo-4,10-dioxa-12-tridecenyl)-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-
methyl-1-veratrylisoquinolinium) benzenesulfonate.

m  (1R,1¢R,2R)-2-Methyl-2,2¢-(3,11-dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-
tetrahydro-6,7-dimethoxy-1-veratrylisoquinolinium) dibenzenesulfonate.

n  (1R,1¢R,2R,2¢R)-2,2¢-(3,7,15-Trioxo-4,8,14-trioxa-heptadecamethylene)bis(1,2,3,4-
tetrahydro-6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate. 

o  (1R,2R)-2-(3,11-Dioxo-4,10-dioxa-12-tridecenyl)-(1,2,3,4-tetrahydro-6,7-dimethoxy-2-
methyl-1-veratrylisoquinolinium) benzenesulfonate.

SPECIFIC TESTS

•  pH 791 : 3.0–3.8

•  Bacterial Endotoxins Test 85 : NMT 8.17 USP Endotoxin Units/mg of cisatracurium
besylate

•  Sterility Tests 71 : Meets the requirements for the test for Sterility of the Product to Be
Examined, Membrane Filtration

•  Other Requirements: Meets the requirements for Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of

Type I glass. Store in a cool place, protected from freezing and light.

•  USP Reference Standards 11
USP Benzyl Alcohol RS 
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USP Cisatracurium Besylate RS
USP Cisatracurium Besylate System Suitability Mixture RS 

R-trans-R¢-trans-Atracurium:     
1R,1¢R,2S,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-
6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.     
C65H82N2O18S2      1243.48 
R-cis-R¢-trans-Atracurium:     
(1R,1¢R,2R,2¢S)-2,2¢-(3,11-Dioxo-4,10-dioxatridecamethylene)bis(1,2,3,4-tetrahydro-
6,7-dimethoxy-2-methyl-1-veratrylisoquinolinium) dibenzenesulfonate.     
C65H82N2O18S2      1243.48 
Other related compounds.    

USP Endotoxin RS

BRIEFING

Clopidogrel Compounded Oral Suspension. Because there is no existing USP monograph for
this dosage form or approved manufactured product, a new monograph is being proposed.
The liquid chromatographic procedure in the Assay is based on an analysis validated using
the Chromegabond BD C8 brand of L7 column. The typical retention time for clopidogrel is
about 7.4 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129889

Comment deadline: November 30, 2013

Add the following:
Clopidogrel Compounded Oral Suspension

DEFINITION

Clopidogrel Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of clopidogrel (C16H16ClNO2S). 
Prepare Clopidogrel Compounded Oral Suspension 5 mg/mL as follows (see Pharmaceutical

Compounding—Nonsterile Preparations 795 ).

Clopidogrel tablet(s)a equivalent to 525 mg

Vehicle: A 1:1 mixture of Ora-Plusb and Ora-Sweetb, a sufficient quantity to make 105 mL

a  Clopidogrel 75-mg tablets, Dr. Reddy's Laboratory Limited, Bridgewater, NJ.
b  Perrigo Pharmaceuticals, Allegan, MI.

Crush the Clopidogrel tablet(s) to a fine powder using a mortar and pestle or by other
mechanical means. Wet the powder with a small amount of Vehicle, and triturate to make a
smooth paste. Add the Vehicle to make the contents pourable. Transfer the contents stepwise
and quantitatively to a calibrated container using the remainder of the Vehicle. Add sufficient
Vehicle to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

2S (USP37)
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Solution A:  10 mM sodium phosphate adjusted with phosphoric acid to a pH of 3.0. Pass
through a nylon filter of 0.45-µm pore size, and degas.

Mobile phase:  Acetonitrile and Solution A (65:35)
Diluent:  Water adjusted with phosphoric acid to a pH of 3.0
Standard stock solution:  5 mg/mL of clopidogrel prepared from USP Clopidogrel Bisulfate

RS and Diluent. Mix well, and sonicate for 3 min. Store at 2 –8 .
Standard solution:  Transfer 2.0 mL of the Standard stock solution to a 1-L volumetric

flask, and dilute with Diluent to volume. Mix well, centrifuge a portion of the solution for 5

min at 14,000 rpm, and use the supernatant. Protect from light, and store at 2 –8 .
Sample solution:  Shake each bottle of Oral Suspension thoroughly. Transfer 2.0 mL of the

Oral Suspension to a 1-L volumetric flask, and dilute with Diluent to volume. Mix well,
centrifuge a portion of the solution for 5 min at 14,000 rpm, and use the supernatant.

Protect from light, and store at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  2.1-mm × 25-cm; 5-µm packing L7
Temperatures 

Column:  35

Autosampler:  5
Flow rate:  0.3 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for clopidogrel is about 7.4 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of clopidogrel (C16H16ClNO2S) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clopidogrel from the Sample solution
rS= peak response of clopidogrel from the Standard solution
CS= concentration of clopidogrel in the Standard solution (mg/mL)
CU= nominal concentration of clopidogrel in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 2.1–3.1
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ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored

at 2 –8  or at controlled room temperature

•  USP Reference Standards 11
USP Clopidogrel Bisulfate RS 

BRIEFING

Cryopreserved Human Fibroblast-Derived Dermal Substitute, USP 36 page 3155. The
proposed revision is to delete the functionality claims not supported by proper test methods.
The monograph format has also been modified to reflect current USP style.

(BIO2: R. Potts.)
Correspondence Number—C134105

Comment deadline: November 30, 2013
Cryopreserved Human Fibroblast-Derived Dermal Substitute

New title: Construct Human Fibroblasts in Polyglactin Scaffold 
New title to become official December 1, 2014.

DEFINITION

Change to read:

Cryopreserved Human Fibroblast-Derived Dermal Substitute is a living monolayer skin substitute
derived from neonatal foreskins. It is composed of fibroblasts, an extracellular matrix, and a
bioabsorbable scaffold. Human fibroblasts are seeded onto a bioabsorbable, nonantigenic and
nonpyrogenic mesh scaffold composed of polyglactin, a copolymer of glycolide and lactide. The
fibroblasts proliferate to fill the interstices of this scaffold to create a three-dimensional human
dermal substitute that secretes human dermal collagen, matrix proteins, growth factors, and
cytokines. Cryopreserved Human Fibroblast-Derived Dermal Substitute does not contain
macrophages, lymphocytes, blood vessels, hair follicles, muscle fibers, or keratin.

The fibroblast-cell banks, from which Cryopreserved Human Fibroblast-Derived Dermal
Substitute are derived test negative for human and animal viruses and retroviruses and are also
tested for normal cell morphology, human karyology, and isoenzymes
have passed applicable donor eligibility requirements for relevant communicable diseases.

Maternal blood sera are tested for evidence of infection with human immunodeficiency virus
types 1 and 2, hepatitis B and C viruses, syphilis, and human T-lymphotropic virus type 1 and
are found negative for the purpose of donor selection. Cryopreserved Human Fibroblast-Derived
Dermal Substitute is manufactured with sterile components under aseptic conditions within the
final package. Reagents used in the manufacture of Cryopreserved Human Fibroblast-Derived
Dermal Substitute are tested and found free of viruses, retroviruses, endotoxins, and

2S (USP37)
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mycoplasma before use. All materials derived from bovine sources originate from countries free
of bovine spongiform encephalopathy. During subsequent screening of the fibroblast cell strain
at various stages in the manufacturing process, testing for these same viruses, as well as
Epstein-Barr virus and human T-lymphotropic virus type 2, is carried out and found to be
negative. The final product tests negative for the presence of mycoplasma.
The final product is inspected and tested to ensure that the product meets specifications.

SPECIFIC TESTS

Change to read:
•  Histological Evaluation

Buffered formalin:  Prepare a solution containing 10% (w/v) formaldehyde solution and
1.0%–1.5% methanol in a suitable buffer, adjusted to a pH of 6.8–7.2.1

Preparation of tissue for staining:  Cut Cryopreserved Human Fibroblast-Derived Dermal
Substitute into 3-mm × 3-mm sections. Place three sections into suitable histological
tissue cassettes,2 and insert the cassettes into suitable histological cassette basket(s).3

At a temperature of 40 , sequentially immerse the histological cassette basket(s) in
separate solutions of Buffered formalin (2 h), two changes of 80% alcohol (30 min/step),
alcohol (30 min), three changes of dehydrated alcohol (30 min/step), suitable histological
xylene substitute (30 min),4 and two changes of suitable xylene substitute (30 min/step).
Immerse the histological cassette basket(s) into molten paraffin5 that is at a temperature

of 60  for 30 min. Remove the cassette basket(s), and immerse in a fresh container of

molten paraffin at 60  for 60 min. Remove the histological tissue cassette from the
container and basket, and disassemble. Fill preheated embedding molds with molten

paraffin heated to 56 –60 , and place on top of a preheated warming platform that is
designed for histology work. Transfer Cryopreserved Human Fibroblast-Derived Dermal
Substitute specimens from the cassettes using forceps, and place specimens into
individual molds. Orient the specimens in molds so as to cut cross-sections. Cool the
paraffin by sliding the mold down the platform to its cool side until the paraffin has
solidified. Maintain specimen orientation with forceps during cooling, removing the forceps
when the paraffin becomes translucent. Slide the paraffin block onto a histological cold
plate to rapidly cool the block. Trim the paraffin block with a new single-edged razor blade
to form a rectangle or slight trapezoid to within 5 mm of the tissue mass, if necessary.

Cool the block at 4  for 15–30 min. Clamp the tissue block into the block holder of the
microtome. Fill a histological tissue flotation water bath with fresh water, add an

appropriate amount of a suitable histological adhesive,6 and heat to 5  less than the
melting point of the paraffin. Properly mount and adjust the tissue and paraffin block into

a microtome. Set the microtome to make cuts 5-µm thick with a blade angle of 5 ± 2 .
Insert a sharp stainless steel microtome knife that has been properly honed or a new
disposable microtome knife into the knife holder. Cut a ribbon that contains 6–10 sections
of Cryopreserved Human Fibroblast-Derived Dermal Substitute. Pick up the ribbon with
forceps, and stretch it across the tissue flotation water bath. Separate 2–3 adjacent
sections from the ribbon on the water bath. The selected sections should not be
compressed, wrinkled, or scratched. Pick up the selected sections by dipping a microscope
slide into the water bath under the floating sections, and gently lift the slide out of the
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water. For each staining procedure, prepare three slides from each of the three starting
Cryopreserved Human Fibroblast-Derived Dermal Substitute 3-mm × 3-mm sections. Allow

the mounted sections to air-dry completely, or dry the slide in a 60  oven for 1 h.
Hematoxylin–eosin staining 

Hematoxylin–alcohol solution:  Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated
alcohol with heating.

Potassium alum solution:  Dissolve 50.0 g of potassium alum in 500 mL of water with
heating.

Hematoxylin staining solution:  Mix Hematoxylin–alcohol solution and Potassium alum
solution. Bring to a boil as rapidly as possible with constant stirring. Do not heat for
more than 1 min. Slowly add 0.185 g of sodium iodate. Reheat to a simmer until the
solution becomes a deep purple. Remove from heat, and quickly cool. Filter daily before
use.

10% Acid alcohol:  Add 5.0 mL of hydrochloric acid to 495 mL of 70% alcohol.
Eosin solution:  Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in

Preparation of tissue for staining, in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), running tap water rinse (1 min), Hematoxylin staining solution (4–5 min),
running tap water rinse (1 min), 10% acid alcohol (15 s), running tap water rinse (1
min), a suitable bluing reagent7 (20–30 s), running tap water rinse (1 min), alcohol (20
s), Eosin solution (10–20 s, until a reddish-brown color is obtained in the tissue), three
changes of dehydrated alcohol (10 s/step), and three changes of a suitable histological
xylene substitute (10 s/step). Adjust the above immersion times as needed to suitably
stain the tissue. Remove the slide from the last histological xylene substitute wash, and
blot dry the back of the slide. Do not allow the tissue to dry. Affix a coverslip over the
tissue using a coverslip mountant.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrograph 1
8

for comparison, the test article shows a polyglactin scaffold mesh and a secreted
collagen-based matrix; the tissue contains normal human fibroblast distributed
throughout the secreted matrix and resembles normal human papillary dermis. Fibroblasts
appear elongated and spindle-shaped. The tissue, which is 100–300 µm thick, contains
106 cells/cm2.

Collagen staining 
Bouins's solution:  Mix 75 mL of 1.22% picric acid solution, 25 L of dimethoxymethane,

and 5.0 L of acetic acid.
Weigert's iron hematoxylin solution A:  Dissolve 1 g of hematoxylin in 100 mL of alcohol
Weigert's iron hematoxylin solution B:  Mix 4.0 mL of 29% ferric chloride, 95.0 mL of

water, and 1.0 mL of hydrochloric acid.
Weigert's iron hematoxylin working solution:  Mix equal volumes of Weigert's iron

hematoxylin solution A and Weigert's iron hematoxylin solution B. Pass the solution
through a filter of 0.45-µm pore size. Prepare fresh as needed.

Gomori's trichrome solution:  Mix 1.0 mL of acetic acid and 100 mL of water. Dissolve
0.6 g of chromotrope 2R, 0.3 g of Fast Green FCF, and 0.6 g of phosphotungstic acid.

1% Acetic acid:  1 mL of acetic acid and 100 mL of water

2S (USP37)

PF 39(5): Sep.-Oct. 2013 514



Dilute 1 mL of glacial acetic acid with water to make 100 mL of solution.
Analysis:  The microscope slide with affixed tissue, as prepared in Preparation of tissue

for staining, is sequentially immersed in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), and running tap water rinse (1 min). Immerse the slide in Bouins's

solution, and place in a 42  water bath for 1 h. Rinse the slide in water for 10 s.
Sequentially immerse the slide in Weigert's iron hematoxylin working solution (10 min)
and running tap water rinse (10 min). Rinse the slide in water for 10 s, and immerse in
Gomori's trichrome solution (3–5 min). Rinse the slide in 1% acetic acid for 20 s.
Sequentially immerse the slide in three changes of alcohol (10 s/step) and three
changes of a suitable histological, aliphatic xylene substitute (10 s/step). Affix a
coverslip over the tissue using a suitable coverslip mountant. Nuclei will stain black;
cytoplasm, keratin, and muscle fibers will stain red; and collagen and mucin will stain
blue.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrograph 2 for comparison, the tissue contains normal
human fibroblast distributed throughout the secreted matrix and resembles normal human
papillary; dermis, muscle fibers, and keratin are absent.

Distribution of fibronectin 
Tris-saline buffer:  Prepare a solution containing 0.1 M tris–

(hydroxymethyl)aminomethane hydrochloride and 0.15 M sodium chloride, adjusted to a
pH of 7.8.

3% Hydrogen peroxide:  
Dilute

30 mL of hydrogen peroxide with water or methanol
Diaminobenzidine solution:  Use a suitable solution.9

Hematoxylin staining solution:  Prepare as directed for Hematoxylin–eosin staining.
Analysis:  The microscope slide with affixed tissue as prepared in Preparation of tissue for

staining is dried either overnight at 37  or for 1 h at 60 . The microscope slide with
affixed tissue as prepared in Preparation of tissue for staining is sequentially immersed in
three changes of a suitable histological, aliphatic xylene substitute (2 min/step), three
changes of dehydrated alcohol (1 min/step), alcohol (20 s), and running tap water rinse
(1 min). Sequentially immerse the slide in Tris-saline buffer (10 min), 3% hydrogen
peroxide (30 min), three changes of Tris-saline buffer (1 min/step), a suitable normal
rabbit serum10 (30 min), water (5 min), and three changes of Tris-saline buffer (1
min/step). Incubate the slide with a suitable solution of rabbit anti-human fibronectin
antibody,11 diluted using a suitable antibody diluent12 to an antibody titer
concentration

of 21.0 ± 2.1 mg/L for 1 h. Sequentially immerse the slide in water (5 min) and three
changes of Tris-saline buffer (1 min/step). Place enough drops of a biotinylated goat
anti-rabbit antibody solution13 to cover the tissue section, and incubate for 30 min.
Sequentially immerse the slide in water (5 min) and three changes of Tris-saline buffer
(1 min/step). Place enough drops of a streptavidin conjugated horseradish peroxidase
solution14 to cover the tissue section, and incubate for 30 min. Sequentially immerse the
slide in water (5 min) and three changes of Tris-saline buffer (1 min/step). Incubate the
slide with Diaminobenzidine solution for 1–5 min, until a suitable difference in staining is
seen by comparison with a control in which the fibronectin (primary) antibody is omitted.
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Sequentially immerse the slide in water (1 min), Hematoxylin staining solution (4–5 min),
and water (1 min). Do not allow the tissue to dry. Affix a coverslip over the tissue using
a low-viscosity, aqueous, synthetic-resin coverslip mountant.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute Reference Photomicrograph 3 for comparison, fibronectin is found colocalizing
with the collagen fibers. The intensity of staining may vary from region to region of the
slide.

Change to read:
•  Metabolic Activity Assessment

DPBS solution A:  Dissolve 1.32 g of calcium chloride and 1.21 g of magnesium sulfate
heptahydrate in 2 L of water.

DPBS solution B:  Dissolve 80.0 g of sodium chloride, 2.0 g of potassium chloride, 11.5 g of
dibasic sodium phosphate, 2.0 g of monobasic potassium phosphate, 10.0 g of glucose,
0.36 g of sodium phosphate, 0.5 g of streptomycin sulfate, and 1,000,000 USP Units of
penicillin G sodium in 8 L water.

DPBS working solution:  Mix DPBS solution B with DPBS solution A (8:2). Pass the solution
through a filter of 0.22-µm pore size.

Dulbecco's modified Eagle's tissue culture medium:  Prepare a solution that contains
the components listed in Table 1.

Table 1

Component mg/L

Calcium chloride 264.9
Ferric nitrate nonahydrate 0.10
Potassium chloride 400.0
Magnesium sulfate heptahydrate 200.0
Sodium chloride 6,400.0
Sodium bicarbonate 3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose 4,500.0
Phenol red 15.0
Sodium pyruvate 110.0
l-Arginine hydrochloride 84.0
l-Cystine 48.0
Aminoacetic acid 30.0
l-Histidine hydrochloride monohydrate 42.0
l-Isoleucine 104.8
l-Leucine 104.8
l-Lysine hydrochloride 146.2
l-Methionine 30.0
l-Phenylalanine 66.0
l-Serine 42.0
l-Threonine 95.2
l-Tryptophan 16.0
l-Tyrosine 72.0
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l-Valine 93.6
d-Calcium pantothenate 4.0
Choline chloride 4.0
Folic acid 4.0
Inositol 7.0
Nicotinamide 4.0
Pyridoxine hydrochloride 4.0
Riboflavin 0.40
Thiamine hydrochloride 4.0

l-Glutamine solution:  Prepare a 100-mL solution containing 2.92 g of l-glutamine.
Sodium pyruvate solution:  Prepare 100 mL of a solution containing 1.10 g of sodium

pyruvate.
Antibiotic-antimycotic solution:  Prepare 100 mL of a solution containing 0.85 g of sodium

chloride, 10,000 USP Units of penicillin G sodium, 10,000 µg of streptomycin (base), and
25 µg of amphotericin B.

Assay stock medium:  Mix 1000 mL of Dulbecco's modified Eagle's tissue culture medium,
10 mL of l-Glutamine solution, 10 mL of Sodium pyruvate solution, 10 mL of Antibiotic-
antimycotic solution, and 20 mL of fetal bovine serum.15

MTT-assay solution:  Dissolve 0.50 g of 3-(4,5-dimethylthiazol-2–yl)-2,5-diphenyl
tetrazolium bromide in 1 L of Assay stock medium, using constant stirring. Sterilize the
solution by passing it through a filter of 0.2-µm pore size.

MTT formazan stock solution:  100 µg/mL of 1-(4,5-dimethylthiazol-2-yl)-3,5-
diphenylformazan in isopropyl alcohol.

MTT formazan calibration solutions:  Prepare calibration solutions of 15, 30, 45, 60, and
75 µg/mL of MTT formazan, using MTT formazan stock solution and diluting with isopropyl
alcohol.

Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute by placing the

tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between 34  and 37
for 2–3 min. The minimum amount of water in the water bath is 2 L/Cryopreserved Human
Fibroblast-Derived Dermal Substitute unit. Cut three 11-mm × 11-mm sections of
Cryopreserved Human Fibroblast-Derived Dermal Substitute and immerse the sections into

separate, 3.0 mL portions of MTT-assay solution. Incubate for 2 h at 37 ± 2  in a 3%–7%
CO2–air environment with shaking on an orbital shaker at 150–200 rpm. After incubation

remove from the 37 , 3%–7% CO2–air environment. Remove the MTT-assay solution, and
rinse twice with DPBS working solution. Immerse the Cryopreserved Human Fibroblast-
Derived Dermal Substitute in 2 mL of isopropyl alcohol, and incubate at ambient
temperature for 1 h with shaking on an orbital shaker at approximately 125 rpm. Transfer
200-µL aliquots of the five MTT formazan calibration solutions, in triplicate, and 200-µL
aliquots of the three isopropyl alcohol extracts of Cryopreserved Human Fibroblast-Derived
Dermal Substitute to a suitable 96-well flat-bottom plate. Read the absorbance of each
aliquot at 540 nm, using 200 µL of isopropyl alcohol as the blank. Plot the responses of
the MTT formazan calibration solutions versus concentration, in µg/mL of MTT formazan,
and calculate the regression line using the least-squares method.

System suitability:  The test is considered valid if the regression line has a square of
the correlation coefficient NLT 0.95.

Acceptance criteria:  The absorbance value of individual, thawed, Cryopreserved Human
2S (USP37)
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Fibroblast-Derived Dermal Substitute sections at 540 nm is between 0.30 and 0.86.
•  DNA Content

Cell culture water:  Sterile water containing NMT 0.005 USP Endotoxin Unit/mL
DNA extraction buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated

container. Dissolve 12.110 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of
edetate disodium, 23.380 g of sodium chloride, and 0.080 g of sodium dodecyl sulfate,
with stirring. Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to a pH of 7.0.
Dilute with Cell culture water to 1 L.

Proteinase K solution:  Prepare a solution of Tritirachium album proteinase K in 10 mM of
2-amino-2-hydroxymethyl-1,3-propanediol, adjusted to a pH of 7.5, having an activity of
600 units/mL.16

Working DNA extraction buffer:  Add 1.22 mL of Proteinase K solution to 38.78 mL of DNA
extraction buffer and mix.

Dilution buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated
container. Add 1.211 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of edetate
disodium, and 5.844 g of sodium chloride, with stirring. Adjust with 1 N hydrochloric acid or
1 N sodium hydroxide to a pH of 7.0. Dilute with Cell culture water to 1 L.

DPBS without Ca++, Mg++ solution:  Prepare a solution containing 8.00 g/L of sodium
chloride, 1.15 g/L of dibasic sodium phosphate (anhydrous), 0.20 g/L of potassium
chloride, and 0.20 g/L of monobasic potassium phosphate in water.

Calf thymus DNA solution:  Prepare a solution containing 1 mg/L of calf thymus DNA in
DPBS without Ca++, Mg++ solution, mixing thoroughly for 12–24 h at ambient temperature.
Dilute the resulting solution with DPBS without Ca++, Mg++ solution to prepare a solution
containing 50 µg/mL of calf thymus DNA, mixing thoroughly on a vortex mixer for 10 min.

Calf thymus DNA calibration solutions:  Prepare four calibration solutions containing 5,
10, 15, and 20 µg/mL of calf thymus DNA, using Calf thymus DNA solution and diluting with
DPBS without Ca ++, Mg++ solution.

DNA staining solution:  Prepare a solution containing 0.5 µg of 2¢-(4-hydroxyphenyl)-5-(4-
methyl-1-piperazinyl)-2,5¢-bi(1H-benzimidazole) trihydrochloride pentahydrate/mL of
Dilution buffer. Store in low-actinic glassware.

Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute by placing the

tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between 34  and 37
for 2–3 min. The minimum amount of water in the water bath is 2 L/Cryopreserved Human
Fibroblast-Derived Dermal Substitute unit. Cut three 11-mm × 11-mm sections of
Cryopreserved Human Fibroblast-Derived Dermal Substitute. To each of three
microcentrifuge tubes add 1 mL of DPBS without Ca++, Mg++ solution. Immerse a single
Cryopreserved Human Fibroblast-Derived Dermal Substitute 11-mm × 11-mm section into
each microcentrifuge tube to remove the cryopreservative. Aspirate the DPBS without
Ca++, Mg++ solution from each tube, and replace with 1 mL of Working DNA extraction
buffer, making sure that each Cryopreserved Human Fibroblast-Derived Dermal Substitute

is completely submerged in the extraction buffer. Incubate the samples in a 56 –60
water bath for 4–18 h. Sonicate for 10–15 s using an ultrasonic cell disrupter to achieve
complete cellular disruption of the tissue and to mix the contents of the tube. Centrifuge
the microcentrifuge tubes at 12,000–15,000 × g to pellet non-DNA material. Transfer
three 50-µL aliquots of each sample supernatant to individual wells of a 96-well black
plate suitable for performing fluorescent analysis. Transfer triplicate 50-µL aliquots of each
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of the Calf thymus DNA calibration solutions to the 96-well plate, as well as a 50-µL
aliquot of DPBS working solution for the blank. Add 150 µL of DNA staining solution to all
wells containing the tissue samples, Calf thymus DNA calibration solutions, and the blank.

Cover with aluminum foil, and place in a dark cabinet for 30–45 min at 15 –30 . Read the
fluorescence of each well, using an excitation wavelength of 355 nm and an emission
wavelength of 460 nm, blanking against the DPBS without Ca ++, Mg++ solution well. 
Plot the responses of the Calf thymus DNA calibration solutions versus concentration, in
µg/mL of calf thymus DNA, and calculate the regression line using the least-squares
method. From the regression line so obtained, determine the amount of DNA in µg per
11mm × 11mm sample.
System suitability requirements:  The test is considered valid if the %CV of the

replicate values is less than 15%, the slope is between 4.48 and 6.27, the y-intercept is
between –2.04 and 3.65, and the square of the correlation coefficient is NLT 0.990.

Acceptance criteria:  The amount of DNA of individual Cryopreserved Human Fibroblast-
Derived Dermal Substitute 11-mm × 11-mm section is between 6 and 15 µg.

Change to read:
•  Total Collagen Content

DPBS without Ca++, Mg++ solution:  8 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate in Cell culture water
Prepare as directed for DNA Content.

DPBS with Ca++, Mg++ solution:  8.00 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate, 0.10 mg/mL of magnesium chloride hexahydrate, and
0.10 mg/mL of calcium chloride (anhydrous) in water

Collagenase extraction solution:  At least 250 Units/mL of Clostridium histolyticum
collagenase, type 2, in DPBS with Ca++, Mg++ solution

2% Acetic acid solution:  Mix 10 ml of acetic acid with 490 ml of water
Collagen standard stock solution:  2 mg/mL of collagen, type I, in 2% Acetic acid solution
Collagen calibration standards:  Cut polyglactin mesh17 into seventeen 11-mm × 11-mm

squares, and place one square into 17 individual wells of a 24-well plate. Each well of the
24-well plate has a surface area of 220 mm2 and a volume of 3.5 mL. In quadruplicate,
prepare wells containing 0.050, 0.100, 0.200, and 0.400 mg of collagen by adding 25, 50,
100, and 200 µL, respectively, of the Collagen standard stock solution. The remaining well
to which no Collagen standard stock solution has been added is used as the blank. Allow
the wells to air dry.

Sirius red solution:  1 mg/mL of Direct Red 80 in saturated picric acid
1% (p-tert-Octylphenoxy)polyethoxyethanol solution:  Mix 10 ml of (p-tert-

Octylphenoxy)polyethoxyethanol in 990 ml of DPBS with Ca++, Mg++ solution
Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute by placing the

tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between 34  and 37
for 2–3 min. The minimum amount of water in the water bath is 2 L/Crypreserved Human
Fibroblast-Derived Dermal Substitute unit. Cut three 11-mm × 11-mm sections of
Crypreserved Human Fibroblast-Derived Dermal Substitute. Place each test section into
separate wells of a 24-well plate. Add 200 µL of 1% (p-tert-Octylphenoxy)
polyethoxyethanol solution to each sample. Shake on a rotating platform shaker at 100–
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150 rpm for 60–70 min at room temperature. Aspirate off the 1% (p-tert-
Octylphenoxy)polyethoxyethanol solution, and rinse three times with 2 mL of DPBS without
Ca++, Mg++ solution. Transfer each of the collagen standards to individual wells of the
24-well plate. Add 0.5 mL of Sirius red solution to each test sample and collagen
standards. Shake on a rotating platform shaker at 100–150 rpm for 60 min at room
temperature. Aspirate off the Sirius red solution from each well. Rinse each well twice with
2 mL of DPBS without Ca++, Mg++ solution. Add an additional 2 mL of DPBS without Ca++,
Mg++ solution to each well, and allow to stand for 2 min. Aspirate off the DPBS without
Ca++, Mg++ solution, and rinse twice more with 2 mL of DPBS without Ca++, Mg++

solution. Aspirate off all traces of DPBS without Ca++, Mg++ solution. Add 0.5 mL of
Collagenase extraction solution to each well containing the Collagen calibration standards.
Add 2.0 mL of Collagenase extraction solution to each well containing test samples.

Rotate the plate on an orbital rotator at 150 rpm for 90 min at 37 . Transfer 200 µL from
each well, to a suitable 96-well, flat-bottom plate. Read the absorbance of each aliquot
at 540 nm. Dilute the Cryopreserved Human Fibroblast-Derived Dermal Substitute sample
preparation further with DPBS without Ca++, Mg++ solution if the absorbance is greater
than the absorbance of the highest of the Collagen calibration standards. Plot the
responses of the Collagen calibration standards versus the amount, in mg of collagen, and
calculate the regression line using the least-squares method. Determine the mg of
collagen/Crypreserved Human Fibroblast-Derived Dermal Substitute section from the
regression line and using the following equation:

Result = D × A × SCSR

D = dilution factor (normally 4, unless the sample had to be further diluted)
A = absorbance at 540 nm
SCSR= slope of the regression line of the standards calculated above

System suitability requirements:  The test is considered valid if the slope of the
regression line is between 3.00 and 5.00 and the square of the correlation coefficient is
greater than or equal to 0.950.

Acceptance criteria:  The amount of collagen in individual Crypreserved Human Fibroblast-
Derived Dermal Substitute 11- × 11-mm samples is 0.40–2.0 mg.

•  Sterility Tests 71
Sample solution:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute by

placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to a

temperature of 34 –37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Cryopreserved Human Fibroblast-Derived Dermal Substitute unit.

Analysis:  Perform the test on 20 mL of the cryopreservative.
Acceptance criteria:  Meets the requirements

•  Bacterial Endotoxins Test 85
Sample:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute by placing the

tissue, still in its ethyl vinyl acetate bag, in a water bath heated to a temperature of 34 –

37  for 2–3 min. The minimum amount of water in the water bath is 2 L/Cryopreserved
Human Fibroblast-Derived Dermal Substitute unit. Remove the unit from the ethyl vinyl
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acetate bag, and immerse in 25 mL of LAL Reagent Water.

Analysis:  Extract for 60 min at 37  with shaking on an orbital shaker set at 125
revolutions/min. Remove a 4-mL aliquot of the extract for testing.

Acceptance criteria:  It contains NMT 0.5 USP Endotoxin Unit/mL.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Cryopreserved Human Fibroblast-Derived Dermal Substitute is

aseptically packaged and supplied frozen in a clear ethyl vinyl acetate bag.containing one
piece of approximately 5 cm × 7.5 cm for a single application

The solution within the bag is a saline-based cryoprotectant supplemented with 10% dimethyl
sulfoxide and bovine serum to facilitate long-term storage. An aluminum–plastic foil
envelope surrounds the bag for its protection. Cryopreserved Human Fibroblast-Derived

Dermal Substitute should be stored at 75 ± 10  for no longer than 6 months.
•  Labeling: The label indicates the dimensions of the Cryopreserved Human Fibroblast-Derived

Dermal Substitute material enclosed. It contains the expiry date, the required storage
conditions, and the lot number. The label cautions that Cryopreserved Human Fibroblast-
Derived Dermal Substitute is not to be used if the package shows signs of damage.
Additional labeling requirements include instructions on the proper thawing and handling of
Cryopreserved Human Fibroblast-Derived Dermal Substitute, the time frame for use after
package opening, and a statement that cytotoxic agents are not to be used.

•  USP Reference Standards, Authentic Visual References 11
USP Cryopreserved Human Fibroblast-Derived Dermal Substitute Reference

Photomicrographs
[Note—These three photomicrographs represent examples of passing units. They are specified

to assist in ascertaining histological quality.]

•  USP Reference Standards 11
USP Endotoxin RS

1  A suitable Buffered formalin can be obtained from VWR International, 1310 Goshen Pkwy., West Chester, PA
19380.

2 A suitable histological tissue cassette can be obtained from Sakura Finetek U.S.A., Inc., 1750 West 214th St.,
Torrance, CA 90501.

3  A suitable histological tissue cassette basket can be obtained from Sakura Finetek U.S.A., Inc., 1750 West
214th St., Torrance, CA 90501.

4  A suitable histological xylene substitute is C itrosolve® C learing Agent, available from Fisher Scientific, 200
Park Ln., Pittsburgh, PA 15275.

5  A suitable paraffin for use is Tissue Prep* 2 Embedding Media, available from Fisher Scientific, 200 Park Ln.,
Pittsburgh, PA 15275.

6  A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from Poly Scientific
Research Corp., 70 C leveland Ave., Bay Shore, NY 11706-1282.

7  A suitable bluing reagent can be obtained from Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178.
8

  These photomicrographs are available as a CD from the USP Reference Standards collection, available to the
user through USP Customer Services. To order these and other Reference Standards, call 1-800-227-8772
(U.S. and Canada), +1-301-881-0666 or 00-800-4875-5555 (select Europe); or go online to www.usp.org.
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Order item number 1535868.

9  A suitable Diaminobenzidine solution can be obtained from Sigma-Aldrich Corp., P.O. Box
14508, St. Louis, MO 63178; catalog number D-6815.
10  A suitable normal rabbit serum can be obtained from Dako Corp., 6392 Via Real, Carpinteria,
CA 93013.
11  Suitable rabbit anti-human fibronectin antibodies can be obtained from Dako Corp., 6392 Via
Real, Carpinteria, CA 93013.
12  Suitable antibody diluent can be obtained from Dako Corp., 6392 Via Real, Carpinteria, CA
93013.
13  Suitable biotinylated goat anti-rabbit antibody solution can be obtained from BioGenex,
4600 Norris Canyon Rd., San Ramon, CA 94583.
14  A suitable streptavidin conjugated horseradish peroxidase solution can be obtained from
BioGenex, 4600 Norris Canyon Rd., San Ramon, CA 94583.
15  A suitable fetal bovine serum can be obtained from HyClone, 925 West 1800 South, Logan,
UT 84321; catalog number SH30070.03.
16  A suitable Proteinase K solution can be obtained from Roche Diagnostics Corp., Roche
Applied Sciences, P.O. Box 50414, 9115 Hague Rd., Indianapolis, IN 46250-0414.
17  A suitable polyglactin mesh can be obtained from Ethicon Co., Johnson & Johnson Corp.,
425 Hoes Ln., P.O. Box 6800, Piscataway, NJ 08855.

BRIEFING

Desonide. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed with the Phenomenex Kinetex C8 brand of L7 column. The typical
retention time for desonide is about 7.5 min.

(SM4: D. Vicchio.)
Correspondence Number—C123290

Comment deadline: November 30, 2013

Add the following:
Desonide

C24H32O6       416.51 
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Pregna-1,4-diene-3,20-dione, 11,21-dihydroxy-16,17-[(1-methylethylidene)bis(oxy)]-, (11 ,16
)-;     

11 ,16 ,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cyclic 16,17-acetal with acetone    
[638-94-8].

DEFINITION

Desonide contains NLT 98.0% and NMT 102.0% of the labeled amount of desonide (C24H32O6),
calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

Use low-actinic glassware for all solutions containing desonide.
Solution A:  0.1% phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 70 30
4 68 32
5 68 32
9 65 35
13 30 70
16 30 70

Diluent:  Solution A and acetonitrile (60:40)
System suitability solution:  0.7 mg/mL of USP Desonide Impurities Mixture RS in Diluent
Standard solution:  0.7 mg/mL of USP Desonide RS in Diluent
Sample solution:  0.7 mg/mL of Desonide in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 2.6-µm packing L7
Temperatures 

Column:  20  (15 –22  was shown to be acceptable)

Autosampler:  20
Flow rate:  1 mL/min
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Injection volume:  5 µL
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between desonide glyoxal and deoxyprednisolone-16-ene; NLT 2.0
between desonide and dihydrodesonide, System suitability solution

Relative standard deviation:  NMT 0.73%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of desonide (C24H32O6) in the portion of Desonide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Desonide RS in the Standard solution (mg/mL)
CU= concentration of Desonide in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.10%
•  Organic Impurities

Solution A, Solution B, Mobile phase, Diluent, System suitability solution, Standard
solution, Sample solution, and Chromatographic system:  Proceed as directed in the
Assay.

Sensitivity solution:  0.28 µg/mL of USP Desonide RS in Diluent from the Standard solution
System suitability 

Samples:  System suitability solution and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.0 between desonide glyoxal and deoxyprednisolone-16-ene; NLT 2.0
between desonide and dihydrodesonide, System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Desonide taken:

Result = (rU/rT) × (1/F) × 100

rU= peak area of each impurity from the Sample solution
rT= total peak area from the Sample solution
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2.
[Note—Disregard peaks that are less than 0.04% of the desonide peak from the Standard

solution.]
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Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

16 -Hydroxyprednisolonea 0.31 1.0 0.15
Prednisoloneb 0.48 1.0 0.15
Desonide glyoxalc 0.76 1.0 0.50
Deoxyprednisolone-16-ened 0.82 1.7 0.50
Sum of desonide glyoxal and

deoxyprednisolone-16-ene — — 0.50
Desonide 1.00 — —
Dihydrodesonidee 1.07 0.84 0.50
Epoxydesonidef 1.18 1.0 0.50
Sum of dihydrodesonide and epoxydesonide — — 0.50
Bromodesonideg 1.43 0.68 0.15
Acetyldesonideh 1.74 0.82 0.15
Any other impurity — 1.0 0.10
Total impurities — — 1.0

a  11 ,16 ,17,21-Tetrahydroxy-3,20-dioxopregna-1,4-diene.
b  11 ,17,21-Trihydroxy-3,20-dioxopregna-1,4-diene.
c  11 -Hydroxy-16 ,17-[(1-methylethylidene)bis(oxy)]-3,20-dioxopregna-1,4-dien-21-al.
d  11 ,21-Dihydroxypregna-1,4,16-triene-3,20-dione.
e  11 ,21-Dihydroxy-16 ,17-[(1-methylethylidene)bis(oxy)]pregn-4-ene-3,20-dione.
f  9,11 -Epoxy-21-hydroxy-16 ,17-(1-methylethylidenedioxy)pregna-1,4-diene-3,20-

dione.
g  9 -Bromo-11 ,21-dihydroxy-16 ,17-[(1-methylethylidene)bis(oxy)]pregna-1,4-diene-

3,20-dione.
h  11 -Hydroxy-16 ,17-[(1-methylethylidene)bis(oxy)]-3,20-dioxopregna-1,4-dien-21-yl

acetate.

SPECIFIC TESTS

•  Loss on Drying 731
Sample:  1.0 g

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 0.5%

•  Optical Rotation, Specific Rotation 781S
Sample:  10 mg/mL in dioxane

Acceptance criteria:  +104.0  to +110.0 , calculated on the dried basis

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature. Protect from light.
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•  USP Reference Standards 11
USP Desonide RS
USP Desonide Impurities Mixture RS 

This is a mixture that contains desonide and may contain about 1% each of 16 -
hydroxyprednisolone, prednisolone, desonide glyoxal, deoxyprednisolone-16-ene,
dihydrodesonide, epoxydesonide, bromodesonide, and acetyldesonide.

BRIEFING

Dexamethasone Tablets, USP 36 page 3177. As part of the USP monograph modernization
initiative, the following changes are proposed:

1. Replace the Thin-Layer Chromatography Identification test A with IR Identification test
A based on the Dexamethasone Tablets Identification procedure from the 2013
edition of the British Pharmacopoeia.

2. Add Identification test B based on the retention time agreement in the Assay.
3. Add a test for Organic Impurities based on the Dexamethasone Tablets Related

substances method from the 2013 edition of the British Pharmacopoeia. The HPLC
method uses the Hypersil ODS brand of L1 column. The typical retention time for
dexamethasone is about 22 min.

4. Update the Packaging and Storage section to include storage conditions.
5. Add USP Methylprednisolone RS to the USP Reference Standards section to support the

proposed Organic Impurities procedure.
6. Additionally, minor editorial changes have been made to update the monograph to

current USP style.

(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C115558

Comment deadline: November 30, 2013
Dexamethasone Tablets

DEFINITION

Dexamethasone Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
dexamethasone (C22H29FO5).

IDENTIFICATION

Delete the following:
•  A. Thin-Layer Chromatography

Standard solution: 500 µg/mL of USP Dexamethasone RS in chloroform
Sample solution: Nominally, 0.1 mg/mL of dexamethasone prepared as follows. Evaporate

10 mL of the methanol extract of Tablets obtained as directed under Sample solution in
the Assay on a steam bath just to dryness, and dissolve the residue in 1 mL of chloroform.

Chromatographic system  

(See Chromatography 621 , System Suitability)
Adsobent: 0.25-mm layer of chromatographic silical gel mixture
Application volume 

2S (USP37)
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Sample solution: 10 µL
Standard solution: 20 µL

Analysis 
Samples: Standard solution and Sample solution 

Develop the chromatogram in Solvent A as directed under Single-Steroid Assay 511 .
Mark the solvent front, and locate the spots on the plate by visualizing under short-
wavelength UV light.

Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.

Add the following:

•  A. Infrared Absorption 197
Sample:  Nominally 20 mg of dexamethasone from a number of powdered Tablets
Analysis:  Mix the Sample with 5 mL of 0.1 M sodium hydroxide, add 50 mL of methylene

chloride, and sonicate for 20 min. Filter, and evaporate to dryness. Dry the residue at 105

 for 2 h.
Acceptance criteria:  Meet the requirement

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Diluent:  Dilute methanol (1 in 2)
Mobile phase:  Acetonitrile and water (1 in 3) such that the retention time of

dexamethasone is 3–6 min.
Standard solution:  0.1 mg/mL of USP Dexamethasone RS in Diluent
Sample solution:  Nominally 0.1 mg/mL of dexamethasone prepared as follows. Transfer the

equivalent of 5 mg of dexamethasone from NLT 10 finely powdered Tablets to a 50-mL
volumetric flask, and add 30 mL of Diluent. Sonicate the flask for 2 min, shake by
mechanical means for 30 min, and dilute with Diluent to volume. Pass a portion of the
mixture through a suitable filter to obtain a clear filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 30-cm; packing L1
Injection volume:  5–25 µL

System suitability 
Sample:  Standard solution
Suitability requirement 

Relative standard deviation:  NMT 3.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the

2S (USP37)
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portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  Dilute hydrochloric acid (1 in 100); 500 mL
Apparatus 1:  100 rpm
Time:  45 min

Standard solution:  Prepare as directed for Standard Preparation in Assay for Steroids 

351 , using USP Dexamethasone RS.
Sample solution:  Extract a filtered aliquot of Medium, equivalent to 200 µg of

dexamethasone, with three 15-mL portions of chloroform. Evaporate the combined
chloroform extracts on a steam bath just to dryness, cool, and dissolve the residue in 20
mL of alcohol.

Analysis:  Proceed as directed for Procedure in Assay for Steroids 351 , except allow it
to stand in the dark for 45 min.
Samples:  Standard solution and Sample solution

Calculate the percentage (Q) of the labeled amount of dexamethasone (C22H29FO5)
dissolved:

Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
V= volume of Medium (mL) extracted with chloroform
L= label claim (mg/Tablet)

Tolerances:  NLT 70% (Q) of the labeled amount of dexamethasone (C22H29FO5) is
dissolved.

•  Uniformity of Dosage Units 905
Procedure for content uniformity 

Standard solution:  Prepare as directed for Standard Preparation in Assay for Steroids 

351 , using USP Dexamethasone RS.
Sample solution:  Place 1 Tablet in a separator with 15 mL of water, and swirl to

disintegrate the Tablet completely. Extract with four 10-mL portions of chloroform,
filtering each portion through chloroform-washed cotton into a 50-mL volumetric flask,
and add chloroform to volume. Pipet a volume of this solution, equivalent to 200 µg of
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dexamethasone, into a glass-stoppered, 50-mL conical flask. Evaporate the chloroform
on a steam bath just to dryness, cool, and dissolve the residue in 20.0 mL of alcohol.

Use this where Assay Preparation is specified in Assay for Steroids 351 , Procedure.
Analysis 

Samples:  Standard solution and Sample solution

Proceed as directed for Procedure in Assay for Steroids 351 , except allow it to stand
in the dark for 45 min. 
Calculate the percentage of total steroids, as dexamethasone (C22H29FO5), in the
Tablet:

Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
V= volume of the chloroform extract (mL) used to prepare the Sample solution
L= label claim (mg/Tablet)

Acceptance criteria:  Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  Acetonitrile and water (15:85)
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
15 100 0
40 0 100
41 100 0
46 100 0

System suitability solution:  20 µg/mL each of USP Dexamethasone RS and USP
Methylprednisolone RS in Solution A

Sensitivity solution:  0.05 µg/mL of USP Dexamethasone RS in Solution A
Standard stock solution:  0.1 mg/mL of USP Dexamethasone RS prepared as follows.

Transfer a quantity of USP Dexamethasone RS to a suitable volumetric flask, and dissolve
in a volume of acetonitrile equivalent to 40% of the total volume. Sonicate to dissolve, if
necessary, and dilute with water to volume.

Standard solution:  1 µg/mL of USP Dexamethasone RS in Solution A from the Standard
stock solution

Sample solution:  Nominally 0.1 mg/mL of dexamethasone from powdered Tablets prepared
as follows. To a quantity of powdered Tablets containing the equivalent of 2.5 mg of
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dexamethasone, add 10 mL of acetonitrile, and sonicate. Pass this solution through a
suitable filter of 0.45-µm pore size. Dilute 4 mL of the filtrate with water to 10 mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  45
Flow rate:  2.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution

[Note— See Table 2 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between dexamethasone and methylprednisolone, System
suitability solution

Relative standard deviation:  NMT 5.0% for dexamethasone, System suitability
solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of dexamethasone from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. Disregard peaks that are less than 0.05%, and any
peaks due to Solution A.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Methylprednisolonea 0.99 —
Dexamethasone 1.0 —
Any other unspecified impurity — 0.5
Total impurities — 1.0

a  Included for identification purposes only. It is not to be reported and not to be included
in the total impurities.

ADDITIONAL REQUIREMENTS

Change to read:

2S (USP37)
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Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. Protect from light and moisture.

Change to read:

•  USP Reference Standards 11
USP Dexamethasone RS 
USP Methylprednisolone RS  

BRIEFING

Dexamethasone Sodium Phosphate Ointment, USP 36 page 3184. See the Briefing for
Atropine Sulfate Ophthalmic Ointment.

(SM4: D. Vicchio.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Dexamethasone Sodium Phosphate Ophthalmic Ointment

DEFINITION

Dexamethasone Sodium Phosphate Ophthalmic Ointment is a sterile ointment containing an
amount of dexamethasone sodium phosphate (C22H28FNa2O8P) equivalent to NLT 90.0% and
NMT 115.0% of the labeled amount of dexamethasone phosphate (C22H30FO8P).

IDENTIFICATION
•  A. Thin-Layer Chromatography

Buffer:  Prepare a pH 9.0 solution by dissolving 3.1 g of boric acid, 203 mg of magnesium
chloride, and 860 mg of sodium hydroxide in water to make 1000 mL.

Enzyme solution:  1 mg/mL alkaline phosphatase enzyme in Buffer
Standard solution:  300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample solution:  Transfer 5 mL of the Sample solution obtained in the Assay to a 50-mL

glass-stoppered tube. Add 5 mL of the Enzyme solution, incubate at 37  for 45 min, then
add 25 mL of methylene chloride, and shake for 2 min. Evaporate 15 mL of the methylene
chloride extract on a steam bath to dryness. Dissolve the residue in 1 mL of methylene
chloride.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  20- × 20-cm, thin-layer chromatographic plate coated with a 0.25-mm layer

of chromatographic silica gel
Application volume:  5 µL
Developing solvent system:  Chloroform, acetone, and water (50:50:1)
Spray reagent:  Dilute sulfuric acid (1 in 2)

Analysis 
Samples:  Standard solution and Sample solution

Allow the spots to dry, and develop the chromatogram in a tank completely lined with a
strip of filter paper, using the Developing solvent system, until the solvent front has
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moved about three-fourths of the length of the plate. Spray the plate with Spray

reagent, and heat at 105  until brown or black spots appear.
Acceptance criteria:  The RF value of the principal spot of the Sample solution corresponds

to that of the Standard solution.

ASSAY
•  Procedure

Buffer:  6.9 g/L of monobasic sodium phosphate in water
Mobile phase:  Methanol and Buffer (52:48)
Diluent:  Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL

of alcohol.
Standard solution:  30 µg/mL of USP Dexamethasone Phosphate RS in Diluent. Prepare this

solution fresh.
Sample solution:  Nominally 30 µg/mL of dexamethasone phosphate prepared as follows.

Transfer a portion of Ophthalmic Ointment, equivalent to 3 mg of dexamethasone
phosphate, to a 150-mL beaker. Add 65 mL of Diluent, and heat just to boiling. Pour the
contents of the beaker into a 125-mL separator containing 45 mL of isooctane. After
shaking for 1 min, decant the lower layer into a 100-mL volumetric flask with the aid of a
glass funnel. Rinse the 150-mL beaker with two 15-mL portions of Diluent, extracting the
remaining isooctane in the separator with each portion, and decanting the lower layer
from each extraction into the 100-mL volumetric flask. Dilute with Diluent to volume, and
pass through a membrane filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time of dexamethasone phosphate is about 8.5 min.]
Suitability requirements 

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone phosphate
(C22H30FO8P) in the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak responses from the Sample solution
rS= peak responses from the Standard solution
CS= concentration of USP Dexamethasone Phosphate RS in the Standard solution (µg/mL)
CU= nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)
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Acceptance criteria:  90.0%–115.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Dexamethasone RS 
USP Dexamethasone Phosphate RS 

BRIEFING

Dextran 40 in Dextrose Injection, USP 36 page 3193. Proposed changes to the monograph
are required to align the Definition and the Assay for Dextran 40 with the Assay for
Dextrose. The result from the Assay for Dextrose is calculated as dextrose monohydrate.
Proposed changes are as follows:

1. The Definition has been revised to include the amount of dextrose as dextrose
monohydrate.

2. The formula in the Assay for Dextran 40 has been changed to incorporate the use of
dextrose monohydrate as determined in the Assay for Dextrose.

3. The format has been changed to reflect current USP style.

(BIO1: K.Carrick.)
Correspondence Number—C131633-130410

Comment deadline: November 30, 2013
Dextran 40 in Dextrose Injection

DEFINITION

Change to read:

Dextran 40 in Dextrose Injection is a sterile solution of Dextran 40 and Dextrose in Water for
Injection. It contains in each 100 mL NLT 9.0 g and NMT 11.0 g of Dextran 40 and NLT 4.1 g
and NMT 5.0 g of dextrose (C6H12O6).
NLT 4.5 g and NMT 5.5 g of dextrose monohydrate (C6H12O6·H2O).

It contains no bacteriostatic agents.

2S (USP37)
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IDENTIFICATION
•  A.

Diluent:  Dextrose (4.5 in 100)
Sample solution:  Injection, diluted with Diluent to 10 mg/mL of dextran 40
Analysis:  Using a capillary tube viscometer having dimensions such that the flow time of

water is NLT 100 s, measure the flow times of the Diluent and of the Sample solution at

20 . 
Calculate the intrinsic viscosity:

Result = {ln[RD × (t/t0)]}/C

RD= ratio of the density of the Sample solution to that of the Diluent
t = flow time of the Sample solution
t0= flow time of the Diluent
C= concentration of dextran 40 in the Sample solution (g/mL)

Acceptance criteria:  18–23 mL/g

ASSAY
•  Dextrose

Mobile phase:  0.01 N sulfuric acid, filtered and degassed
System suitability solution:  5 mg/mL each of dextrose and xylitol in water
Standard solution:  USP Dextrose RS, diluted to 5 mg/mL of dextrose monohydrate in water
Sample solution:  Transfer an accurately measured volume of Injection, equivalent to

about 250 mg of dextrose monohydrate, to a 50-mL volumetric flask, dilute with water to
volume, and mix.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  7.8-mm × 30-cm; packing L17
Temperatures:  Column and, if necessary, detector are maintained at a constant

temperature of about 40 .
Flow rate:  0.6 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.5 between the dextrose and xylitol peaks, System suitability solution
Relative standard deviation:  NMT 1.5% for dextrose, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the concentration of dextrose monohydrate (C6H12O6·H2O), in g/100 mL, in the
volume of Injection taken: 

Result = (rU/rS) × C × D × (Mr1/Mr2)
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rU= peak area from the Sample solution
rS= peak area from the Standard solution
C = concentration of USP Dextrose RS in the Standard solution (g/100 mL)
D = dilution factor for the Sample solution
Mr1= molecular weight of dextrose monohydrate, 198.17
Mr2= molecular weight of dextrose, 180.16

Acceptance criteria:  4.5–5.5 g/100 mL of dextrose monohydrate (C6H12O6·H2O)

Change to read:
•  Dextran 40

Sample solution:  To 25 mL of Injection add 1 drop of 5 N ammonium hydroxide.

Analysis:  Determine the optical rotation (see Optical Rotation 781 ). 
Calculate the concentration, in g/100 mL, of dextran 40 in the volume of Injection taken:

Result = (1/Av1) × [(Fa/l)  (Av2Cd)]

Result = (1/Av1) × {[(F × a)/l]  [Av2 × Cd × (Mr2/Mr1)]}

Av1= average value for the specific rotation of dextran 40, 197.5
F = conversion factor for 100 mL, 100
a = observed optical rotation ( )

l = length of the polarimeter tube (dm)
Av2= average value for the specific rotation of dextrose, 52.75
Cd= concentration of dextrose

monohydrate
as determined in the Assay for Dextrose (g/100 mL)

Mr2= molecular weight of dextrose, 180.16
Mr1= molecular weight of dextrose monohydrate, 198.17

Acceptance criteria:  9.0–11.0 g/100 mL

IMPURITIES

•  Heavy Metals, Method II 231 : 5 µg/mL
•  Limit of 5-Hydroxymethylfurfural and Related Substances

Sample solution:  Dilute Injection with water to 2.0 mg/mL of dextrose monohydrate
(C6H12O6·H2O).

Instrumental conditions 
Analytical wavelength:  284 nm
Cell:  1 cm
Blank:  Water

Analysis 
Samples:  Sample solution and Blank

Acceptance criteria:  Absorbance NMT 0.25
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SPECIFIC TESTS

•  pH 791 : 3.0–7.0

•  Bacterial Endotoxins Test 85 : NMT 1.0 USP Endotoxin Unit/mL

•  Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration

•  Color of Solution: Absorbance, determined at 375 nm against a water blank, is NMT 0.06.

•  Other Requirements: It meets the requirements in Injections 1  and Particulate Matter

in Injections 788 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose glass or plastic containers.
•  Labeling: The label states the total osmolar concentration in mOsmol/L. Where the contents

are less than 100 mL, the label alternatively may state the total osmolar concentration in
mOsmol/mL.

•  USP Reference Standards 11
USP Dextrose RS 
USP Endotoxin RS

BRIEFING

Dextran 70 in Dextrose Injection, USP 36 page 3195. Proposed changes to the monograph
are required to align the Definition and the Assay for Dextran 70 with the Assay for
Dextrose. The result from the Assay for Dextrose is calculated as dextrose monohydrate.
Proposed changes are as follows:

1. The Definition has been revised to include the amount of dextrose as dextrose
monohydrate.

2. The formula in the Assay for Dextran 70 has been changed to incorporate the use of
dextrose monohydrate as determined in the Assay for Dextrose.

3. The format has been changed to reflect current USP style.

(BIO1: K. Carrick.)
Correspondence Number—C131633-130410

Comment deadline: November 30, 2013
Dextran 70 in Dextrose Injection

DEFINITION

Change to read:

Dextran 70 in Dextrose Injection is a sterile solution of Dextran 70 and Dextrose in Water for
Injection. It contains in each 100 mL NLT 9.0 g and NMT 11.0 g of Dextran 70 and NLT 4.1 g
and NMT 5.0 g of dextrose (C6H12O6).
NLT 4.5 g and NMT 5.5 g of dextrose monohydrate (C6H12O6·H2O).

It contains no bacteriostatic agents.

IDENTIFICATION
•  A.

2S (USP37)
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Diluent:  Dextrose (4.5 in 100)
Sample solution:  Injection, diluted with Diluent to 10 mg/mL of dextran 70
Analysis:  Using a capillary tube viscometer having dimensions such that the flow time of

water is NLT 100 s, measure the flow times of the Diluent and of the Sample solution at

20 .

Calculate the intrinsic viscosity:

Result = {ln[RD × (t/t0)]}/C

RD= ratio of the density of the Sample solution to that of the Diluent
t= flow time of the Sample solution
t0= flow time of the Diluent
C= concentration of dextran 70 in the Sample solution (g/mL)

Acceptance criteria:  24–29 mL/g

ASSAY
•  Dextrose

Mobile phase:  0.01 N sulfuric acid, filtered and degassed
System suitability solution:  5 mg/mL each of dextrose and xylitol in water
Standard solution:  USP Dextrose RS, diluted to 5 mg/mL of dextrose monohydrate in water
Sample solution:  10 mL of Injection in 25 mL of water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  7.8-mm × 30-cm; packing L17
Temperatures:  Column and, if necessary, detector are maintained at a constant

temperature of about 40 .
Flow rate:  0.6 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.5 between the dextrose and xylitol peaks, System suitability solution
Relative standard deviation:  NMT 1.5% for dextrose, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the concentration of dextrose monohydrate (C6H12O6·H2O), in g/100 mL, in the
volume of Injection taken:

Result = (rU/rS) × C × D × (Mr1/Mr2)

rU= peak area from the Sample solution
rS= peak area from the Standard solution
C = concentration of USP Dextrose RS in the Standard solution (g/100 mL)
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D = dilution factor for the Sample solution
Mr1= molecular weight of dextrose monohydrate, 198.17
Mr2= molecular weight of dextrose, 180.16

Acceptance criteria:  4.5–5.5 g/100 mL of dextrose monohydrate (C6H12O6·H2O)

Change to read:
•  Dextran 70

Sample solution:  To 25 mL of Injection add 1 drop of 5 N ammonium hydroxide.

Analysis:  Determine the optical rotation (see Optical Rotation 781 ).

Calculate the concentration, in g/100 mL, of dextran 70 in the volume of Injection taken:

Result = (1/Av1) × [(Fa/l)  (Av2Cd)]

Result = (1/Av1) × {[(F × a)/l]  [Av2 × Cd × (Mr2/Mr1)]}

Av1= average value for the specific rotation of dextran 70, 197.5
F= conversion factor for 100 mL, 100
a= observed optical rotation ( )

l= length of the polarimeter tube (dm)
Av2= average value for the specific rotation of dextrose, 52.75
Cd= concentration of dextrose

monohydrate
as determined in the Assay for Dextrose (g/100 mL)

Mr2= molecular weight of dextrose, 180.16
Mr1= molecular weight of dextrose monohydrate, 198.17

Acceptance criteria:  5.4–6.6 g/100 mL

IMPURITIES

•  Heavy Metals, Method II 231 : 5 µg/mL
•  Limit of 5-Hydroxymethylfurfural and Related Substances

Sample solution:  Dilute Injection with water to 2.0 mg/mL of dextrose monohydrate
(C6H12O6·H2O) in water

Instrumental conditions 
Analytical wavelength:  284 nm
Cell:  1 cm
Blank:  Water

Analysis 
Samples:  Sample solution and Blank

Acceptance criteria:  Absorbance NMT 0.25

SPECIFIC TESTS

•  pH 791 : 3.5–7.0

2S (USP37)
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•  Bacterial Endotoxins Test 85 : NMT 0.5 USP Endotoxin Unit/mL

•  Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration

•  Color of Solution: Absorbance, determined at 375 nm against a water blank, is NMT 0.05.

•  Other Requirements: It meets the requirements in Injections 1  and Particulate Matter

in Injections 788 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose glass or plastic containers.
•  Labeling: The label states the total osmolar concentration in mOsmol/L. Where the contents

are less than 100 mL, the label alternatively may state the total osmolar concentration in
mOsmol/mL.

•  USP Reference Standards 11
USP Dextrose RS 
USP Endotoxin RS

BRIEFING

Dextroamphetamine Sulfate Tablets, USP 36 page 3197. On the basis of comments received,
it is proposed to revise the monograph by deleting the test for Isomeric Purity, which

includes the use of chloroform. The test for Optical Rotation 781S , Specific Rotation in
the drug substance monograph is sufficient to ensure that a suitable quality of
dextroamphetamine sulfate is present. A new storage requirement and an equation in the
test for Dissolution are included, and the redundant word "dilute" is removed from the
description of Solution A in the Assay for clarity.

Additionally, the monograph has been updated to be consistent with current USP style.

Interested parties are encouraged to submitted validated impurity procedures and dissolution
procedures, which test individual units, along with supporting data to further improve the
monograph.

(SM4: H. Joyce.)
Correspondence Number—C125905

Comment deadline: November 30, 2013
Dextroamphetamine Sulfate Tablets

DEFINITION

Dextroamphetamine Sulfate Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount
of dextroamphetamine sulfate [(C9H13N)2·H2SO4].

IDENTIFICATION
•  A.

Sample:  Nominally 50 mg of dextroamphetamine sulfate from a portion of finely ground
Tablets

Analysis:  Transfer the Sample to a suitable centrifuge tube. Add 25 mL of water, shake
vigorously, and centrifuge until clear. Decant the clear solution into a 250-mL separator,
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add 5 mL of 2.5 N sodium hydroxide, and extract with 60 mL of ether. Wash the ether
extract with two 5-mL portions of 0.25 N sodium hydroxide, and discard the washings.
Filter the ether extract through a pledget of cotton, previously saturated with ether, into
a 100-mL beaker, and evaporate on a steam bath in a current of air to 1 mL. Dissolve the
residue in 3 mL of alcohol, and transfer to a glass-stoppered, 125-mL conical flask
containing 25 mL of water. Rinse the beaker with 3 mL of alcohol, and transfer to the

flask. Cool to 15 , add 3 mL of 1 N sodium hydroxide, then add 1 mL of a mixture of 1
volume of benzoyl chloride and 2 volumes of anhydrous ethyl ether, and shake for 2 min.
Filter the precipitate, wash with 15 mL of cold water, and recrystallize twice from diluted

alcohol to obtain the benzoyl derivative of dextroamphetamine. Dry the crystals at 105
for 1 h.

Acceptance criteria:  The crystals melt between 154  and 160 .
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Solution A:  dilute

Glacial acetic acid in water (14 in 100)
Mobile phase:  Dissolve 1.1 g of sodium 1-heptanesulfonate in 525 mL of water. Add 25 mL

of Solution A and 450 mL of methanol. Adjust dropwise, if necessary, with glacial acetic
acid to a pH of 3.3 ± 0.1. Pass through a membrane filter of 0.5-µm pore size.

Diluent:  0.12 N phosphoric acid
Standard solution:  0.3 mg/mL of USP Dextroamphetamine Sulfate RS in Diluent
Sample solution:  Nominally 0.3 mg/mL of dextroamphetamine sulfate from NLT 20 Tablets

prepared as follows. Finely powder NLT 20 Tablets, and transfer a portion of the powder,
equivalent to 15 mg of dextroamphetamine sulfate, to a 50-mL volumetric flask. Add 40 mL
of Diluent, and sonicate for 15 min. Dilute with Diluent to volume. Pass through a
membrane filter of 0.5-µm pore size, discarding the first 20 mL of the filtrate.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 3
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

2S (USP37)
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Calculate the percentage of the labeled amount of dextroamphetamine sulfate [(C9H13N)2·
H2SO4] in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dextroamphetamine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of dextroamphetamine sulfate in the Sample solution (mg/mL)

Acceptance criteria:  93.0%–107.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution, Procedure for a Pooled Sample 711
Medium:  Water; 500 mL
Apparatus 1:  100 rpm
Time:  45 min
Mobile phase:  Dissolve 1.1 g of sodium 1-heptanesulfonate in 575 mL of water. Add 25 mL

of dilute glacial acetic acid (14 in 100) and 400 mL of methanol. Adjust by the dropwise
addition of glacial acetic acid to a pH of 3.3 ± 0.1, if necessary.

Standard solution:  USP Dextroamphetamine Sulfate RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  3.9-mm × 30-cm; packing L1

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dextroamphetamine sulfate
[(C9H13N)2·H2SO4] dissolved:

Result = (rU/rS) × (CS/CU) × V × (1/L) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dextroamphetamine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of dextroamphetamine sulfate in the Sample solution (mg/mL)
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V= volume of Medium, 500 mL
L = label claim (mg/Tablet)

Tolerances:  NLT 75% (Q) of the labeled amount of dextroamphetamine sulfate
[(C9H13N)2·H2SO4)] is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

SPECIFIC TESTS

Delete the following:
•  Isomeric purity:

Sample: Pack a pledget of fine glass wool in the base of a 200- × 25-mm chromatographic
tube, with the aid of a tamping rod. Add 5 g of chromatographic siliceous earth, and tamp
firmly to compress the material to a uniform mass. Finely powder a number of Tablets,
equivalent to 300 mg of dextroamphetamine sulfate, mix the powder in a mortar with 5 g
of chromatographic siliceous earth, add 1 mL of methanol and 0.5 mL of ammonium
hydroxide, and triturate to a uniform mixture. Transfer the mixture without delay to the
chromatographic tube, and tamp as before. Wipe the mortar and pestle with a small
amount of glass wool, and insert it into the tube on top of the column. Arrange a 125-mL
separator containing 35 mL of 0.1 N sulfuric acid to receive the effluent. Pass 60 mL of
chloroform through the column. Shake the separator vigorously for 1 min, allow the layers
to separate, and discard the chloroform. Add to the aqueous phase in the separator 2.5 g
of sodium bicarbonate, preventing it from coming in contact with the mouth of the
separator, swirl until most of the bicarbonate has dissolved. By means of a 1-mL syringe,
rapidly inject 1.0 mL of acetic anhydride directly into the contents of the separator.
Immediately insert the stopper in the separator, and shake vigorously until the evolution
of carbon dioxide has ceased, releasing the pressure as necessary through the stopcock.
Allow to stand for 5 min, and extract the solution with 50 mL of chloroform, shaking
vigorously for 1 min. Filter the chloroform extract through a pledget of filter cotton into a
100-mL beaker, rinse the cotton with a small amount of chloroform, and evaporate on a
steam bath in a current of air or nitrogen to dryness. Heat and triturate the residue until
the odor of chloroform is no longer perceptible. Allow the residue to cool, inducing it to

crystallize. Reduce the crystals to a fine powder, heat at 80  for 30 min, and allow to
cool.

Sample solution: 20 mg/mL of acetylamphetamine from the Sample in chloroform
Analysis 

Sample: Sample solution

Determine the specific rotation of the Sample solution using a 200-mm semimicro
polarimeter tube.

Acceptance criteria: 37.5  to 44.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature.

2S (USP37)
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•  USP Reference Standards 11
USP Dextroamphetamine Sulfate RS 

BRIEFING

Doxycycline Compounded Oral Suspension, Veterinary. Because there is a veterinary need
for a concentrated formulation of doxycyline, a new compounded preparation monograph is
being proposed. The liquid chromatographic procedure in the Assay is based on an analysis
validated using the XTerra RP18 brand of L1 column. The typical retention time for
doxycyline is about 4.7 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129748

Comment deadline: November 30, 2013

Add the following:
Doxycycline Compounded Oral Suspension, Veterinary

DEFINITION

Doxycycline Compounded Oral Suspension, Veterinary contains NLT 90.0% and NMT 110.0% of
the labeled amount of doxycycline (C22H24N2O8). Prepare Doxycycline Compounded Oral
Suspension, Veterinary 50 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile

Preparations 795 ). For this preparation, a Paraben solution needs to be separately
prepared.

Methylparaben 25 mg
Propylparaben 12.5 mg
Purified Water, a sufficient quantity to make 50 mL

Prepare a Paraben solution by dissolving the Methylparaben and Propylparaben in a sufficient
amount of Purified Water to bring to final volume.

Doxycycline (as Doxycycline Hyclate), USP 2.5 g (calculate)a

Calcium Hydroxide, USP Calculate (see below)b

Glycerin 12.5 mL
Polysorbate 20, NF 0.063 mL
Sodium Metabisulfite, NF (granular) 0.05 g
Carboxymethylcellulose Sodium, USP (medium viscosity) 0.25 g
Steviol Glycosides 95% 0.15 g
Paraben solution, a sufficient quantity to make 50 mL

a  Calculate the amount of Doxycycline Hyclate powder required by dividing the weight of
doxycyline required by the potency of the Doxycycline Hyclate powder obtained from the
certificate of analysis. Note unit conversions needed in the calculation.
b  Calculate the amount of Calcium Hydroxide needed, in g, by multiplying the amount of
Doxycycline hyclate needed, in g, by 0.21. 

Pour the calculated amount of Doxycyline Hyclate powder into a suitable mortar, and mix with
about 12.5 mL of Paraben solution until all the solids are dissolved. Do not use more than 5 mL
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of Paraben solution for each g of the calculated amount of Doxycyline Hyclate. Add the
calculated amount of Calcium Hydroxide to the mortar, and mix with the pestle until the mixture
thickens up and has a pasty consistency. [Note—Reaction may take a few minutes to occur.
The pasty mixture may look dry and harden up which is an indication that the reaction is
complete.] 
In a separate beaker, mix Glycerin and Polysorbate 20 with about 30 mL of the Paraben
solution. Add Sodium Metabisulfite to the mixture of Glycerin, Polysorbate 20, and Paraben
solution with mixing. 
Add approximately two thirds of the separately prepared mixture of Glycerin, Polysorbate 20,
Sodium Metabisulfite, and Paraben solution to the mortar in small increments with continuous
mixing to make an even mixture free of lumps. Transfer the doxycyline mixture from the mortar
to an appropriately sized beaker. Rinse the mortar three times, each time with one third of the
remaining Glycerin, Polysorbate 20, Sodium Metabisulfite, and Paraben solution, and combine
with the doxycycline mixture in the beaker. Add Steviol Glycosides 95% to the beaker. Disperse
Carboxymethylcellulose Sodium through a 40-mesh sieve, and mix into the suspension until
homogenous. Add sufficient Paraben solution to bring to final volume. Mix well.

ASSAY
•  Procedure

Solution A:  20 mM monobasic sodium phosphate containing 0.74 g/L of sodium hydroxide.
Adjust with phosphoric acid to a pH of 7.0.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Acetonitrile
(%)

Solution A
(%)

0 1 99
7 80 20
8 80 20

8.1 1 99
14 1 99

Diluent:  Acetonitrile and 1 N hydrochloric acid (50:50)
Standard solution:  0.5 mg/mL of doxycycline prepared from USP Doxycycline Hyclate RS in

Diluent
Sample solution:  Shake each bottle of Oral Suspension, Veterinary thoroughly. Transfer

0.5 mL of Oral Suspension, Veterinary to a 50-mL volumetric flask, add approximately 10
mL of Diluent, and vortex for 30 s. Dilute with Diluent to volume, and mix well.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
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[Note—The retention time for doxycycline is about 4.7 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of doxycycline (C22H24N2O8) in the
portion of Oral Suspension, Veterinary taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of doxycycline from the Sample solution
rS= peak response of doxycycline from the Standard solution
CS= concentration of doxycycline in the Standard solution (mg/mL)
CU= nominal concentration of doxycycline in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 6.0–7.0

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8 .
•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the

Beyond-Use Date. Label it to state that it is for veterinary use only.
•  Beyond-Use Date: NMT 30 days after the date on which it was compounded, when stored

at 2 –8

•  USP Reference Standards 11
USP Doxycycline Hyclate RS 

BRIEFING

Enzacamene, USP 36 page 3413. On the basis of comments received, the following revisions
are proposed:

1. The system suitability requirements are specified for the enzacamene peak in the Assay.
2. The chemical name for camphor is added in the footnote of Table 2.
3. The chemical name of Enzacamene is updated.
4. The nonspecific test for Melting Range or Temperature is deleted.
5. A note for USP Methyl Benzylidene Camphor RS is added to the USP Reference

Standards section for clarification.
6. The monograph is reformatted to the monograph redesign style.

(SM3: F. Mao.)
Correspondence Number—C133683

Comment deadline: November 30, 2013

2S (USP37)
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Enzacamene

Change to read:

C18H22O       254.37 

3-(4-Methylbenzylidene)-camphor 
Bicyclo[2.2.1]heptan-2-one, 1,7,7-trimethyl-3-[(4-methylphenyl)methylene]-; 

(±)-3-(p-Methylbenzylidene)camphor

     [36861-47-9].

DEFINITION

Enzacamene contains NLT 98.0% and NMT 102.0% of enzacamene (C18H22O), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Ultraviolet Absorption 197U
Sample solution:  10 µg/mL in methanol
Analytical wavelength:  Maximum absorbance at about 299 nm
Acceptance criteria:  Absorptivities, calculated on the dried basis, differ by NMT 3.0%.

ASSAY

Change to read:
•  Procedure

Standard solution:  250 µg/mL each of camphor and USP Methyl Benzylidene Camphor RS
in dichloromethane

Sample solution:  250 µg/mL of Enzacamene in dichloromethane
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m fused-silica capillary; coated with a 0.25-µm layer of phase G1
Temperatures 

Injection port:  295

2S (USP37)
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Detector:  305
Column:  See Table 1.

Table 1

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

100 — 100 5
100 10 230 10
230 10 300 —

The column temperature is maintained at 300  until the end of the procedure.
Carrier gas:  Helium
Flow rate:  1.2 mL/min
Injection volume:  1 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.0
for the enzacamene peak

Relative standard deviation:  NMT 2.0%
for the enzacamene peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of enzacamene (C18H22O) in the portion of Enzacamene taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response of methyl benzylidene camphor

enzacamene
from the Standard solution

CS= concentration of USP Methyl Benzylidene Camphor RS in the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

Change to read:
•  Procedure

Standard solution, Sample solution, Chromatographic system, and System
suitability:  Proceed as directed in the Assay.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Enzacamene taken:

2S (USP37)
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Result = (rU/rS) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of enzacamene from the Standard solution

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Camphor
a 0.2 0.02

Enzacamene 1.0 —
Any individual unspecified impurity — 0.1
Total impurities — 0.5

a Bicyclo[2.2.1]heptane-2-one, 1,7,7-trimethyl. 

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class 1a 741 : 66 –68  

•  Loss on Drying 731

Analysis:  Dry it under vacuum at 50  to constant weight.
Acceptance criteria:  NMT 0.2%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Methyl Benzylidene Camphor RS 

3-(4-Methylbenzylidene)-camphor.     
C18H22O       254.37

[Note—It is the same as Enzacamene.]

BRIEFING

Erythromycin Ophthalmic Ointment, USP 36 page 3447.

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay is revised to update the solution preparation instructions and the analytical

parameters.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)

2S (USP37)
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Correspondence Number—C132038

Comment deadline: November 30, 2013
Erythromycin Ophthalmic Ointment

DEFINITION

Erythromycin Ophthalmic Ointment is a sterile preparation of Erythromycin in a suitable ointment
base. It contains NLT 90.0% and NMT 120.0% of the labeled amount of erythromycin
(C37H67NO13).

IDENTIFICATION
•  A. Thin-Layer Chromatograpy

Standard solution:  2.5 mg/mL of USP Erythromycin RS in methanol
Sample solution:  2.5 mg/mL of erythromycin from Ophthalmic Ointment in methanol

prepared as follows. Transfer an amount of Ophthalmic Ointment containing nominally 5 mg
of erythromycin to a separator containing 50 mL of solvent hexane. Shake until dissolved.
Extract with three separate 20-mL portions of methanol. Combine the methanol extracts in
a beaker, and evaporate to dryness. Dissolve the residue in 2 mL of methanol.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  10 µL
Developing solvent system:  Methanol and chloroform (85:15)
Spray reagent:  Alcohol, p-methoxybenzaldehyde, and sulfuric acid (90:5:5)

Analysis 
Samples:  Standard solution and Sample solution

Apply the Standard solution and the Sample solution to the plate. Place the plate in an
unlined chromatographic chamber, and develop the chromatogram using the Developing
solvent system until the solvent front has moved about 7 cm. Remove the plate from the
chamber, mark the solvent front, and allow the solvent to evaporate. Spray the plate with

Spray reagent. Heat the plate at 100  for 10 min, and examine the chromatogram, in
which erythromycin appears as a black-to-purple spot.

Acceptance criteria:  The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.

ASSAY

Change to read:
•  Procedure

Solution A:  Acetonitrile and water (90:10). Store in a reservoir protected from air by
sparging with helium.

Solution B:  500 mg/mL of sodium hydroxide in water
Solution C:  To 1000 mL of degassed water, add 0.5 mL of Solution B, using a suitable

syringe and needle to minimize exposure to air. Degas, and store in a reservoir protected
from air by sparging with helium.

Solution D:  Use degassed water, and store in a reservoir protected from air by sparging
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with helium.
Solution B:  0.04 mg/mL of sodium hydroxide in water

Mobile phase:  Solution A, Solution C, and Solution D (56:7:37)
Solution A and Solution B (56:44)

Diluent:  Methanol and water (50:50)
Standard solution 1:  0.66 mg/mL of USP Erythromycin RS in Diluent
Standard solution 2:  0.034 mg/mL of USP Erythromycin B RS and USP Erythromycin C RS

in Diluent
System suitability solution:  Transfer 2 mg of USP Erythromycin Related Compound N RS

to a 10-mL volumetric flask, add 0.4 mL of Standard solution 1 and 6 mL of Standard
solution 2, and mix. Dilute with Standard solution 2 to volume.

Sample solution:  Nominally 0.6 mg/mL of erythromycin from Ophthalmic Ointment in Diluent
prepared as follows. Transfer an amount of Ophthalmic Ointment containing nominally 60
mg of erythromycin to a 125-mL separator. Add 50 mL of solvent hexane, and shake until
dissolved. Extract with four separate 20-mL portions of Diluent, collecting the extracts in
a 100-mL volumetric flask. Dilute the combined extracts with Diluent to volume, and pass
a portion of the solution through a filter having a pore size of 0.45 µm
a suitable filter.

Use the clear filtrate.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Pulsed amperometric electrochemical detector
[Note—Turn off the electrochemical detector before stopping the flow of the Mobile

phase.]

Electrode:  Glassy carbon, fitted with three gaskets

Range:  10 nC
Output:  1 V full scale
Rise time:  0.6 s

Waveform:  See Table 1.

Table 1

Time
(s)

Potential
(V) Integration

0.00 +0.9 —
0.40 +0.9 Begin
0.50 +0.9 End
0.60 -0.9 —

Columns 
Guard:  4-mm × 5-cm; 8-µm packing L50
Analytical:  4-mm × 25-cm; 8-µm packing L50

Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution 1 and System suitability solution

2S (USP37)
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[Note—For relative retention times, see Table 2.]

Table 2

Peak

Relative
Retention

Time

Erythromycin related compound N 0.4
Erythromycin C 0.5
Erythromycin A 1.0
Erythromycin B 1.6

Suitability requirements 
Resolution:  NLT 0.6 between erythromycin related compound N and erythromycin C;

NLT 2.5 between erythromycin C and erythromycin A; NLT 2.5 between erythromycin
A and erythromycin B, System suitability solution

Tailing factor:  NMT 2, Standard solution 1
Relative standard deviation:  NMT 3%, Standard solution 1

Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of erythromycin A relative to the labeled amount of
erythromycin in the portion of Ophthalmic Ointment taken:

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

rU= peak area of erythromycin A from the Sample solution
rS= peak area of erythromycin A from Standard solution 1
CS= concentration of USP Erythromycin RS in Standard solution 1 (mg/mL)
CU= nominal concentration of erythromycin in the Sample solution (mg/mL)
P= potency of erythromycin A in USP Erythromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Calculate the percentage of erythromycin B relative to the labeled amount of erythromycin
in the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × P × 100

rU= peak area of erythromycin B from the Sample solution
rS= peak area of erythromycin B from Standard solution 2
CS= concentration of USP Erythromycin B RS in Standard solution 2 (mg/mL)
CU= nominal concentration of erythromycin in the Sample solution (mg/mL)
P= potency of erythromycin B in USP Erythromycin B RS (mg/mg)

Calculate the percentage of erythromycin C relative to the labeled amount of
erythromycin in the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × P × 100

rU= peak area of erythromycin C from the Sample solution
rS= peak area of erythromycin C from Standard solution 2
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CS= concentration of USP Erythromycin C RS in Standard solution 2 (mg/mL)
CU= nominal concentration of erythromycin in the Sample solution (mg/mL)
P= potency of erythromycin C in USP Erythromycin B RS (mg/mg)

Calculate the percentage of the labeled amount of erythromycin in the Ophthalmic
Ointment by adding the percentages of erythromycin A, erythromycin B, and erythromycin
C.

Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : It meets the requirements.

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Erythromycin RS 

BRIEFING

Fluphenazine Decanoate Injection, USP 36 page 3639. On the basis of comments received, it
is proposed to clarify that both fluphenazine and each impurity eluting after fluphenazine
decanoate are quantitated using peak heights in the Limit of Fluphenazine and Late-Eluting
Impurities test. Additionally, it is proposed to add a storage condition. The monograph has
also been updated for consistency with current USP style.

(SM4: H. Joyce.)
Correspondence Number—C132686

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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Comment deadline: November 30, 2013
Fluphenazine Decanoate Injection

DEFINITION

Fluphenazine Decanoate Injection is a sterile solution of Fluphenazine Decanoate in a suitable
vegetable oil. It contains NLT 90.0% and NMT 115.0% of the labeled amount of fluphenazine
decanoate (C32H44F3N3O2S).
[Note—Throughout the following procedures, protect samples, the Reference Standards, and
solutions containing them, by conducting the procedures without delay, under subdued light, or
using low-actinic glassware.]

IDENTIFICATION
•  A.

Solution A:  Palladium chloride solution (1 in 1000)
Sample:  Nominally 50 mg of fluphenazine decanoate from Injection
Analysis 

Part 1:  Add 2 mL of methanol and 3 mL of Solution A to the Sample.
Part 2:  Add an excess of Solution A to the resulting mixture from Part 1.

Acceptance criteria:  The criteria for Part 1 and Part 2 must both be met.
Part 1:  A rust-red color is produced.
Part 2:  The color is intensified to a brownish red.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Acetonitrile, methanol, and 0.05 M ammonium acetate (2:2:1)
Diluent:  Acetonitrile and methanol (50:50)
System suitability stock solution:  USP Fluphenazine Decanoate Dihydrochloride RS and

USP Fluphenazine Hydrochloride RS (5:4) in Diluent
System suitability solution:  0.1 mg/mL of anhydrous fluphenazine decanoate

dihydrochloride and 0.08 mg/mL of fluphenazine hydrochloride from System suitability
stock solution in Diluent

Standard stock solution A:  0.1 mg/mL of USP Fluphenazine Hydrochloride RS in isopropyl
alcohol

Standard stock solution B:  0.5 mg/mL of USP Fluphenazine Decanoate Dihydrochloride RS
and 0.02 mg/mL of fluphenazine hydrochloride from Standard stock solution A prepared as
follows. Transfer 25 mg of USP Fluphenazine Decanoate Dihydrochloride RS to a 50-mL
volumetric flask, and add 10 mL of Standard stock solution A. Add 20 mL of isopropyl
alcohol. Sonication may be used to aid in dissolution. Dilute with isopropyl alcohol to
volume.

Standard solution:  0.1 mg/mL of fluphenazine decanoate and 0.004 mg/mL of fluphenazine
hydrochloride from Standard stock solution B in acetonitrile

Sample stock solution:  Nominally 0.5 mg/mL of fluphenazine decanoate in isopropyl
alcohol prepared as follows. Transfer a quantity of Injection, equivalent to 25 mg of
fluphenazine decanoate, to a 50-mL volumetric flask. Add 20 mL of isopropyl alcohol, and
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shake vigorously for at least 1 min. Add 20 mL more of isopropyl alcohol, and repeat the
vigorous shaking. Dilute with isopropyl alcohol to volume.

Sample solution:  Nominally 0.1 mg/mL of fluphenazine decanoate from Sample stock
solution in acetonitrile

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Columns 

Guard:  4.6-mm × 5-cm; 30- to 40-µm packing L1
Analytical:  4.6-mm × 25-cm; 10-µm packing L1

Flow rate:  2 mL/min
Injection volume:  20 µL
Run time:  2.5 times the retention time of fluphenazine decanoate

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for fluphenazine and fluphenazine decanoate are about

0.6 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between fluphenazine and fluphenazine decanoate, System
suitability solution

Relative standard deviation:  NMT 2.0% for fluphenazine decanoate, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of fluphenazine decanoate
(C32H44F3N3O2S) in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of fluphenazine decanoate from the Sample solution
rS= peak response of fluphenazine decanoate from the Standard solution
CS= concentration of USP Fluphenazine Decanoate Dihydrochloride RS in the Standard

solution (mg/mL)
CU= nominal concentration of fluphenazine decanoate in the Sample solution (mg/mL)
Mr1= molecular weight of fluphenazine decanoate, 591.77
Mr2= molecular weight of fluphenazine decanoate dihydrochloride, 664.70

Acceptance criteria:  90.0%–115.0%

IMPURITIES

Change to read:
•  Limit of Fluphenazine and Late-Eluting Peaks

Impurities
Analysis:  Using the chromatograms from the Assay, calculate the percentage of

fluphenazine in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

2S (USP37)
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rU= peak response
height

of fluphenazine from the Sample solution

rS= peak response
height

of fluphenazine from the Standard solution
CS= concentration of USP Fluphenazine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluphenazine decanoate in the Sample solution (mg/mL)
Mr1= molecular weight of fluphenazine, 437.52
Mr2= molecular weight of fluphenazine hydrochloride, 510.44
[Note—Use peak heights where peak responses are indicated.]

Calculate the percentage of each impurity eluting after fluphenazine decanoate in the
portion of Injection taken:

Result = (rU/rT) × 100

rU= peak response
height

of each impurity eluting after fluphenazine decanoate from the Sample solution
rT= sum of the peak responses

heights
of fluphenazine decanoate and all the impurities eluting after fluphenazine decanoate from

the Sample solution

Acceptance criteria 
Fluphenazine:  NMT 4%
Total impurities eluting after fluphenazine decanoate:  NMT 2%

SPECIFIC TESTS

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, of Type I

glass, protected from light.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Fluphenazine Decanoate Dihydrochloride RS 
USP Fluphenazine Hydrochloride RS 

BRIEFING

Fondaparinux Sodium. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedure in the Assay and the test for Organic Impurities are based on
analyses performed with the Dionex CarboPac PA1 brand of L46 column. The typical
retention time for the fondaparinux peak is about 15 min. The liquid chromatographic

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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procedure in Free Sulfate and Residual Chloride Determination is based on analyses
performed with the Waters IC-Pak Anion brand of L23 column, coupled with a neutralization
micromembrane suppressor such as Dionex ASRS 300, Ultra 4 mm.

(BIO1: A. Szajek.)
Correspondence Number—C45930

Comment deadline: November 30, 2013

Add the following:
Fondaparinux Sodium

C31H43N3O49S8Na10       1728.08 

-d-Glucopyranoside, methyl O-2-deoxy-6-O-sulfo-2-(sulfoamino)- -d-glucopyranosyl-

(1®4)-O- -d-glucopyranuronosyl-(1®4)-O-2-deoxy-3,6-di-O-sulfo-2-(sulfoamino)- -d-
glucopyranosyl-(1®4)-O-2-O-sulfo- -l-idopyranuronosyl-(1®4)-2-deoxy-2-(sulfoamino)-, 6-
(hydrogen sulfate), decasodium salt;     

Methyl O-2-deoxy-6-O-sulfo-2-(sulfoamino)- -d-glucopyranosyl-(1®4)-O- -d-
glucopyranuronosyl-(1®4)-O-2-deoxy-3,6-di-O-sulfo-2-(sulfoamino)- -d-glucopyranosyl-
(1®4)-O-2-O-sulfo- -l-idopyranuronosyl-(1®4)-2-deoxy-6-O-sulfo-2-(sulfoamino)- -d-
glucopyranoside, decasodium salt     [114870-03-0].

DEFINITION

Fondaparinux Sodium is the sodium salt of a synthetic sulfated pentasaccharide anticoagulant
based on the antithrombin binding moiety of heparin. It is synthesized from a natural source of
chirally pure sugars (mono- and di-saccharides). A range of coupling, (de)protection and
functionalization reactions leads to crude fondaparinux sodium, which is further purified to yield
the drug substance. Fondaparinux Sodium contains NLT 95.0% and NMT 103.0% of
fondaparinux sodium, calculated on the anhydrous and solvent-free basis. Fondaparinux Sodium
is a white to off-white powder.

IDENTIFICATION
•  A. 13C NMR Spectrum

Standard solution:  NLT 40 mg/mL of USP Fondaparinux Sodium Identification RS in
deuterium oxide containing 0.002% (w/v) 3-(trimethylsilyl) propionic-2,2,3,3-d4 acid,
sodium salt (TMSP-d4), enriched to 98% deuterated or equivalent

Sample solution:  NLT 40 mg/mL of Fondaparinux Sodium in deuterium oxide with 0.002%
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(w/v) TMSP-d4

Instrumental conditions  

(See Nuclear Magnetic Resonance 761 .)
Mode:  NMR, pulsed (Fourier transform)
Frequency:  NLT 100 MHz (for 13C)

Temperature:  40
System suitability 

Sample:  Standard solution 
Using a pulsed (Fourier transform) NMR spectrometer operating at NLT 100 MHz for 13C,

acquire a free induction decay (FID) using a 90  pulse and a 5-s delay. Record the 13C

NMR spectra of the Standard solution at 40 , and set the trimethylsilyl resonance to 0.0

ppm. Collect the 13C NMR spectrum with a spectral window of at least 235 to 10 ppm
with spinning at 20 Hz. The number of transients should be adjusted until the signal-to-

noise ratio of the signal for the C-1 in the -d-glucopyranosyluronic acid ring of
fondaparinux sodium in the Standard solution meets the suitability requirements. The
Standard solution shall be run at least daily when the Sample solution is being run. The

chemical shift for the C-1 resonance of the -D-glucopyranosyluronic acid ring of
fondaparinux sodium in the Standard solution should be observed at 103.9 ± 0.1 ppm.

Record the 13C NMR spectrum of the Sample solution at 40  using the same conditions.
Suitability requirements 

Number of transients:  The signal-to-noise of the -d-glucopyranosyluronic acid ring
of fondaparinux sodium in the Standard solution is at least 20/1 in the region near
103.9 ppm.

Chemical shift:  The trimethylsilyl resonance for the Standard solution should be set to
0.0 ppm, which acts as an external calibration for all samples.

Chemical shifts for system suitability:  The O-methyl and two carbonyl carbons of
fondaparinux sodium should be observed at 58.2, 176.7, and 178.0 ppm, all ± 0.3 ppm,
respectively, in the Standard solution.

Analysis 
Sample:  Sample solution

Acceptance criteria:  Resonances for fondaparinux sodium should be observed at 58.32
59.5, 60.5, 60.8, 68.9, 69.2, 69.6, 98.9, 100.4, 101.1, 102.4, 103.9, 176.7, and 178.0
ppm. The chemical shifts of these signals do not differ by more than ±0.3 ppm. Other
signals of variable heights and chemical shifts, attributable to fondaparinux sodium, may
be seen between 58.0–80.5 ppm and 98.7–104.5 ppm.

•  B. Chromatographic Identity
Analysis:  Proceed as directed in the Assay.
Acceptance criteria:  The retention time of the major peak of the Sample solution

corresponds to ±5% to that of the Standard solution.
•  C. Sodium Determination

Analysis:  Proceed as directed in Sodium Determination.
Acceptance criteria:  It meets the requirements.

ASSAY

PF 39(5): Sep.-Oct. 2013 557



•  Procedure
5 mM Phosphate solution:  Dissolve 0.210 g of monobasic sodium phophate dihydrate and

0.650 g of dibasic sodium phosphate dihydrate in water, and dilute with water to 1000 mL.
pH of solution is approximately 7.3.

Solution A:  15 ± 10 ppm dimethylsulfoxide (DMSO) in 5 mM Phosphate solution (1 in 67000,
v/v). Filter before use.

Solution B:  2.0 M sodium chloride solution with 5 mM Phosphate solution
Mobile phase:  See Table 1.
[Note—Make adjustments to Solution A as necessary.]

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 50 50
5 50 50
25 5 95
30 5 95
35 50 50
50 50 50

System suitability solution:  5.0 mg/mL of USP Fondaparinux Sodium System Suitability
Mixture A RS

Standard solution:  5.0 mg/mL of USP Fondaparinux Sodium for Assay RS in water. Prepare
in duplicate.

Sensitivity check solution:  0.01 mg/mL of USP Fondaparinux Sodium for Assay RS in water
from the Standard solution

Sample solution:  5.0 mg/mL of fondaparinux sodium in water. Prepare in at least duplicate.
Blank:  Water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 25-cm; packing L46

Column temperature:  25
Flow rate:  1.0 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, Sensitivity check solution, and

Blank 
Inject the Blank in duplicate, the Sensitivity check solution, and the System suitability
solution. Inject the Standard solution at least six times consecutively.

Suitability requirements 
Specificity and baseline drift  

The chromatogram of the second Blank injection shows a baseline drift between 0.00
and 0.02 AU over 30 min. If necessary, adjust the DMSO content of the Mobile phase
until an acceptable baseline is achieved. 
The chromatogram of the second Blank solution injection does not contain peaks
between 3.00 and 30.00 min.
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Signal-to-noise ratio:  NLT 10 for the fondaparinux peak in the chromatogram of the
Sensitivity check solution

Chromatogram similarity:  The chromatogram of the System suitability solution
corresponds to that of the chromatogram provided with USP Fondaparinux Sodium
System Suitability Mixture A RS.

Relative standard deviation:  For six consecutive injections of the Standard solution,
the calculated % RSD of the area of the fondaparinux peak is NMT 2.0%. The
retention time of the fondaparinux peak should be ±5% of the mean value. The
calculated % RSD of the response factors for all replicate injections of the Standard
solution is NMT 2.0%. The calculated % RSD of the pooled response factors for all
injections of the Standard solution is NMT 2.0%. The % RSD of the mean response
factors for each duplicate Standard solution is NMT 2.0%.

Analysis 
Samples:  Standard solution and Sample solution

Inject the Standard solution at least six times consecutively and the Sample solution in
duplicate. Record the chromatograms and measure the retention times and areas for the
major peaks (excluding peaks before 3.00 and after 30.00 min). 
For each injection of the Standard solution, calculate a response factor (FR):

FR = CS/rS

CS= concentration of fondaparinux sodium in the Standard solution (mg/mL)
rS= peak response of fondaparinux sodium from the Standard solution

Calculate the mean response factor (FM) for each duplicate injection, and determine the
% RSD for the peak areas of fondaparinux sodium (rS) for six consecutive injections of the
Standard solution. 
Using the mean response factor, calculate the percentage of fondaparinux in the portion
of sample taken:

Result (% w/w) = (FM × rU × D × 100)/W

FM= mean response factor for each duplicate injection
rU = peak response of fondaparinux sodium in the Sample solution
D = dilution factor for the sample (mL)
W = weight of fondaparinux sodium taken to prepare the Sample solution (mg)

Acceptance criteria:  95.0%–103.0% on an anhydrous and solvent-free basis

OTHER COMPONENTS
•  Sodium Determination 

(See Spectrophotometry and Light–Scattering 851 .)
2% Nitric acid solution:  21 mL nitric acid diluted with water to 1000 mL
Sodium solution:  1000 ppm sodium in 2% Nitric acid solution
Standard solutions:  Prepare Standard solutions containing 20, 30, 40, 50, and 60 ppm of

sodium ion from the Sodium solution, diluting with 2% Nitric acid solution.
Sample solution:  0.3 mg/mL of Fondaparinux Sodium in 2% Nitric acid solution
Analysis:  Concomitantly determine the absorbances of the Sample solution and Standard
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solutions at 330.2 nm by using a sodium hollow-cathode lamp and an air-acetylene flame.
Using the absorbances of the Standard solutions, determine the sodium content in the
Sample solution after appropriate blank correction.

Acceptance criteria:  11.5%–15.0% on the anhydrous and solvent-free basis

IMPURITIES

•  Heavy Metals, Method I 231 : Prepare a 5% solution in water; NMT 20 ppm.
•  Free Sulfate and Residual Chloride Determination

Solution A:  3 mM carbonate solution containing 0.106 g of sodium carbonate and 0.168 g
of sodium hydrogen carbonate in 1000 mL of water

Solution B:  4.2 g of sodium hydroxide in 1000 mL of water
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
24 0 100
39 100 0
60 100 0

Standard solution 1:  Dissolve 164.9-mg sodium chloride in 80 mL of water, and dilute with
water to 100.0 mL.

Standard solution 2:  Dissolve 147.9-mg anhydrous sodium sulfate in 80 mL of water, and
dilute with water to 100.0 mL.

Standard solution 3:  Dilute 1.0 mL of Standard solution 1 with water to 100.0 mL.
Standard solution 4:  Dilute 1.0 mL of Standard solution 2 with water to 100.0 mL.
Calibration standard solutions:  Using appropriate volumes of the Standard solutions,

prepare calibration standards as shown in Table 3.

Table 3

Concentration

Volume of
Sulfate Solution

(mL)

Volume of
Chloride Solution

(mL)
Final Volume

(mL)

0.5 ppm SO4
-2/1 ppm Cl- 5.0, Standard solution 4

10.0, Standard solution
3 100.0

2.5 ppm SO4
-2/2.5 ppm Cl-

0.50, Standard solution
2

0.50, Standard solution
1 200.0

5.0 ppm SO4
-2/5.0 ppm Cl-

0.50, Standard solution
2

0.50, Standard solution
1 100.0

20.0 ppm SO4
-2/20 ppm

Cl- 2.0, Standard solution 22.0, Standard solution 1 100.0

50.0 ppm SO4
-2/50 ppm

Cl- 5.0, Standard solution 25.0, Standard solution 1 100.0
Resolution solution:  Dissolve 150 mg of sodium nitrite in 100.0 mL of water. Combine 2.0

mL of this solution and 2.0 mL of Standard solution 1 in 80 mL of water, and dilute with
water to 100.0 mL.

Sample solution:  3 mg/mL of Fondaparinux Sodium in water
Chromatographic system  

PF 39(5): Sep.-Oct. 2013 560



(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Conductivity (range 200 µS, suppressor current 300 mA)
Column:  4.6-mm × 50-mm; packing L23, coupled with a neutralization micromembrane

suppressor
Column temperature:  Ambient
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Samples:  Calibration standard solutions and Resolution solution
Suitability requirements 

Resolution:  NLT 2 between the chloride and nitrite ion peaks, Resolution solution
Response stability:  ±5% between injections of 5-ppm of each of the Calibration

standard solutions before and after the Sample solution
Relative standard deviation:  NMT 3% for NLT 5 injections of 5-ppm Calibration

standard solutions
Analysis 

Sample:  Sample solution
[Note—Regenerate the anion-exchange column with 0.1 M sodium hydroxide between two

injections of the Sample solution.]

Inject 50 µL of each of the Calibration standard solutions and 50 µL of the Sample
solution in triplicate. The peak area responses for the chloride and sulfate ion peaks in the
chromatograms obtained with the Calibration standard solutions show two peaks
corresponding respectively to chloride ions at a retention time of approximately 3.6 min
and to sulfate ions at a retention time of approximately 14.1 min. The Calibration standard
solutions and the corresponding standard concentrations are used to construct five-point
calibration curves for both chloride and sulfate ions. The concentrations of sulfate and
chloride ions in the Sample solutions are calculated using the standard curves.
Calculations:  Calculate the free sulfate and residual chloride ion contents in % w/w of

fondaparinux sodium in the solution to be examined:

Result = CS × F × (1/CU) × 100

CS= concentration of the ion calculated from the quadratic calibration equation (µg/mL)
F= conversion factor (µg/mL to mg/mL)
CU= concentration of the fondaparinux sodium in the Sample solution (mg/mL)

Report the average of the triplicate determinations.

Acceptance criteria:  NMT 0.30% free sulfate; NMT 1.0% chloride
•  Organic Impurities

Analysis:  Proceed as directed in the Assay.
Samples:  System suitability solution, Standard solution, Sensitivity check solution, Sample

solution, and Blank 
Calculate the percentage of each individual impurity in the portion of Fondaparinux Sodium
taken:

Result (% area/area) = [rU/(rS + rT)] × 100
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rU= peak response of each impurity from the Sample solution
rS= peak response of fondaparinux sodium from the Sample solution
rT= sum of all peak responses for impurities from the Sample solution

The total impurities content (% area/area) is the sum of all mean unrounded contents of
an individual impurity that are NLT 0.200%. 

Acceptance criteria:  See Table 4.

Table 4

Name

Relative
Retention

Time
Acceptance Criteria,

NMT (%)

Impurity peak Aa 0.93 0.8 (a/a)

Impurity peak Ba 1.2b 0.6 (a/a)
Any unspecified impurity — 0.3
Total impurities — NMT 2.0%

a  No impurities with known structures are present in fondaparinux sodium.
b  Impurity peak B can appear as a complex set of peaks and not fully resolved. In such a

case, the integration should be performed such that all such peaks are combined.
•  Pyridine and Ethanol Determination 

(See Residual Solvents 467 .)
Pyridine standard solution:  In a 100-mL volumetric flask containing about 20 mL of

water, transfer 101.8 µL of pyridine accurately. Dilute with water to 100 mL.
Internal standard solution:  500-µg/mL solution of 1-butanol in water
Standard solution 1:  In a 100-mL volumetric flask containing about 20 mL of water,

transfer accurately 1.27 mL of ethanol and 1.0 mL of Pyridine standard solution. Dilute
with water to 100.0 mL.

Standard solution 2:  Standard solution 1 and water (1:100). Prepare in duplicate (A and
B).

Sample stock solution:  10 mg/mL of Fondaparinux Sodium in water in triplicate
Sample solution:  2 mg/mL of Fondaparinux Sodium in water from the Sample stock

solution
Blank:  Water
Sample preparation:  For the Blank, transfer 5.0 mL of water and 5 g of potassium

carbonate to an appropriate headspace vial, apply stopper, cap, and mix. For samples and
standards, add 5.0 mL of the Sample solution or Standard solution 2 with 5 g of potassium
carbonate and 0.1 mL of the Internal standard solution to an appropriate headspace vial,
apply stopper, cap, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC with headspace sampler
Detector:  Flame ionization
Column:  0.32-mm × 30-m fused silica, 1.8-µm film thickness; support G43
Temperatures 
[Note—At initial temperature NLT 3 min between injections.]

Injector:  140

PF 39(5): Sep.-Oct. 2013 562



Detector:  250
Column:  See Table 5.

Table 5

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

40 — 40 20
40 10 240 0
240 — 240 5

Carrier gas:  Helium with a linear velocity of 20–30 cm/s
Injection type:  Split ratio, 1:7
Head space autosampler 

Sample equilibration temperature:  80
Sample equilibration time:  60 min

Transfer line temperature:  110
System suitability 

Samples:  Standard solution 2 (A and B) and Blank 
Assay a water Blank followed by six consecutive samples of Standard solution 2(A),
followed by a single injection of Standard solution 2(B).

Suitability requirements 
Blank:  The chromatogram of the water Blank should not present a peak corresponding

to ethanol or pyridine.
Signal-to-noise ratio:  NLT 40 of the pyridine peak in the chromatogram of Standard

solution 2(A)
Relative standard deviation:  NMT 5% for the average areas of the chromatographic

peaks for ethanol and pyridine in six consecutive assays
Analysis 

Samples:  Internal standard solution, Standard solution 2(A), and Sample solution
Calculations:  Calculate the ethanol and pyridine content in ppm (µg/g) in fondaparinux

sodium taken:

Result = Cs × (RU/RS) × (V/M) × D

CS= concentration of Standard solution 2 (µg/mL)
RU= peak response ratio of solvent “s” in the Sample solution to solvent “s” in the Internal

standard solution
RS= peak response ratio for solvent “s” in Standard solution 2 to solvent “s” in the Internal

standard solution
V= volume of solution used to prepare the Sample solution (mL)
M= mass of sample dissolved to prepare the Sample solution (g)
D= dilution factor of the Sample solution

The average of three independent assays constitute the results.

Acceptance criteria:  NMT 5 × 104 ppm for ethanol and 50 ppm for pyridine
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SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : It contains NMT 3.3 USP Endotoxin Units/mg.

•  pH 791 : 6.0–8.0, in a solution, at 20 –25  (2.5% w/v)

•  Microbial Enumeration Tests 61 : NMT 100 CFU/g

•  Water Determination, Method Ic 921 : It contains NMT 15.0% (w/w).

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers, and store at or below 25  in a dry
environment.

•  Labeling: Label to indicate mass of active drug substance per container.

•  USP Reference Standards 11
USP Endotoxin RS
USP Fondaparinux Sodium for Assay RS
USP Fondaparinux Sodium Identification RS
USP Fondaparinux Sodium System Suitability Mixture A RS

BRIEFING

Fondaparinux Sodium Injection. Because there is no existing USP monograph for this dosage
form, a new monograph, based on validated methods of analysis, is being proposed. The
liquid chromatographic procedures in the Assay and the test for Organic Impurities are
based on analyses performed with the Dionex CarboPac PA1 brand of L46 column. The
typical retention time for the fondaparinux peak is about 15 min. The liquid chromatographic
procedure in the test for Free Sulfate Determination is based on analyses performed with
the Waters IC-Pak Anion HR brand of L23 column, coupled with a neutralization
micromembrane suppressor such as Dionex ASRS 300 Ultra 4 mm.

(BIO: A. Szajek.)
Correspondence Number—C45930

Comment deadline: November 30, 2013

Add the following:
Fondaparinux Sodium Injection

DEFINITION

Fondaparinux Sodium Injection is a sterile solution of Fondaparinux Sodium in Water for
Injection with sodium chloride added for isotonicity. It is a clear, colorless to slightly yellow
solution.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Identification Tests—General, Chloride 191 : Proceed as directed in the chapter.

Meets the requirements of the Chloride and Sulfate 221  test.

2S (USP37)
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ASSAY
•  Procedure

5 mM phosphate solution:   0.210 g of monobasic sodium phosphate dihydrate and 0.650
g of dibasic sodium phosphate dihydrate. Dissolve in and dilute with water to 1000 mL. pH
is approximately 7.3.

Solution A:  15 ± 10 ppm of dimethylsulfoxide (DMSO) in 5 mM phosphate solution (1 in
67000, v/v)

Solution B:  2.0 M sodium chloride solution in 5 mM phosphate solution
Mobile phase:  See Table 1.
[Note—Make adjustments to Solution A as necessary.]

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 50 50
5 50 50
25 5 95
30 5 95
35 50 50
50 50 50

System suitability solution:  5.0 mg/mL of USP Fondaparinux Sodium System Suitability
Mixture B RS

Standard solution:  5.0 mg/mL of USP Fondaparinux Sodium for Assay RS in water. Prepare
in duplicate.

Sensitivity check solution:  0.01 mg/mL of USP Fondaparinux Sodium for Assay RS in water
from the Standard solution

Sample solution:  Transfer the contents of prefilled syringes to a suitable container, and
mix well. Dilute with water, if needed, to obtain a 5.0 mg/mL solution of fondaparinux
sodium.

Blank:  Water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 25-cm; packing L46

Column temperature:  25
Flow rate:  1.0 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, Sensitivity check solution, and

Blank. 
Inject the Blank in duplicate, the Sensitivity check solution, and the System suitability
solution. Inject the Standard solution at least six times consecutively.

Suitability requirements 
Specificity and baseline drift:  The chromatogram of a second Blank injection shows a

baseline drift between 0.00 and 0.02 AU over 30 min. If necessary, adjust the DMSO
content of the Mobile phase until an acceptable baseline is achieved. The
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chromatogram of a second Blank injection does not contain peaks between 3.00 and
30.00 min.

Chromatogram similarity:  The chromatogram of the System suitability solution
corresponds to that of the reference chromatogram provided with USP Fondaparinux
Sodium System Suitability Mixture B RS.

Signal-to-noise ratio:  NLT 10 for the fondaparinux peak in the chromatogram of the
Sensitivity check solution

Resolution:  NLT 1.2 between fondaparinux related compound C and fondaparinux
related compound D, System suitability solution; NLT 1.1 between fondaparinux related
compound F and fondaparinux related compound G (see Table 3), System suitability
solution

Standard agreement:  The difference in the mean response factors for each Standard
solution is NMT 2.0%.

Relative standard deviation:  For six consecutive injections of the Standard solution
the calculated % RSD of the area of the fondaparinux peak is NMT 2.0%. The
retention time of the fondaparinux peak should be ±5% of the mean value. The
calculated % RSD of the response factors for six consecutive injections of the
Standard solution is NMT 2.0%. The calculated % RSD of the pooled response factors
for all injections of the Standard solution is NMT 2.0%. The % RSD of the mean
response factors for the duplicate preparations of the duplicate Standard solutions is
NMT 2.0%.

Analysis 
Samples:  Standard solution and Sample solution

Inject the Standard solution at least six times consecutively. Inject duplicate preparations
of the Sample solution. Record the chromatograms, and measure the retention times and
areas for the major peaks (excluding peaks before 3.00 and after 30.00 min).
Calculations:  For each injection of the Standard solution calculate a response factor

(FR):

FR = (Cs/rs)

Cs= concentration of fondaparinux sodium in the Standard solution (mg/mL)
rs= peak response of fondaparinux sodium from the Standard solution

Relative retention times (RRT) are calculated by dividing the retention time of the peak
by the retention time of fondaparinux established by the Standard solution. Using the
mean response factor (FM), calculate the concentration (mg/mL) of fondaparinux sodium
in each injection of the Sample solution:

Result = FM × rU × DU

FM= mean response factor from the Standard solution
rU= peak response of fondaparinux sodium in the Sample solution
DU= dilution factor for the Sample solution, if needed

Acceptance criteria:  90%–105% (for the 2.5-mg/0.5-mL injection) or 95%–105% (for the
5.0-mg/0.4-mL, 7.5-mg/0.6-mL, and 10-mg/0.8-mL injections)
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IMPURITIES
•  Free Sulfate Determination

Solution A:  3 mM carbonate solution using 0.106 g of sodium carbonate and 0.168 g of
sodium hydrogen carbonate in 1000 mL of water

Solution B:  4.2 g of sodium hydroxide in 1000 mL of water
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
24 0 100
39 100 0
60 100 0

Standard solution 1:  Prepare a 1000-ppm sulfate solution, using anhydrous sodium sulfate
in water.

Standard solution 2:  Prepare a 10-ppm sulfate solution by diluting Standard solution 1 in
water.

Sensitivity check solution:  Dilute 1.0 mL of Standard solution 2 with water to 5.0 mL.
Resolution solution:  0.100 g of anhydrous sodium sulfate and 0.100 g of sodium chloride.

Dissolve in and dilute with water to 100.0 ml. Dilute 1.0 mL with water to 100.0 mL.
Sample solution:  In triplicate, combine and mix the contents of a suitable number of

syringes. Dilute 0.8 mL (strengths of 5.0 mg/0.4 mL, 7.5 mg/0.6 mL, and 10.0 mg/0.8 mL)
or 2.0 mL (strengths of 1.5 mg/0.3 mL and 2.5 mg/0.5 mL) with water to 5.0 mL.

Blank:  A sample of the water used to prepare other solutions
Chromatographic system  

(See Chromatography 621 , System Suitability).
Mode:  LC
Detector:  Conductivity; range 200 µS, suppressor current 300 mA
Column:  4.6-mm × 5-cm; packing L23, coupled with a neutralization micromembrane

suppressor1

Regenerating solvent:  Ultrapurified water in a counter current direction
Flow rate:  1.0 mL/min
Injection volume:  50 µL

System suitability 
Samples:  Standard solution 2, Sensitivity check solution, Resolution solution, and Blank
Suitability requirements 

Specificity:  The chromatogram of a second Blank injection does not contain a peak
corresponding to the sulfate ion.

Signal-to-noise-ratio:  NLT 10, Sensitivity check solution
Resolution:  NLT 10 between the sulfate and chloride peaks, Resolution solution
Relative standard deviation:  NMT 5% of the response factors for six consecutive

injections of Standard solution 2
Standard agreement:  NMT 5% difference in the mean response factors for each

Standard solution 2 injection
Analysis:  Inject the Blank in duplicate, the Sensitivity check solution, and the Resolution

solution. Inject Standard solution 2 at least six times consecutively. Inject triplicate
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preparations of the Sample solution. Record the chromatograms, and measure the
retention times and areas for the sulfate peaks found.
Calculations:  For each injection of Standard solution 2, calculate a response factor (F):

F = (Cs/rs)

Cs= concentration of sodium sulfate in Standard solution 2 (mg/mL)
rs= peak response of the sulfate peak from Standard solution 2

Using the mean response factor (FM), calculate the concentration (% w/w) of free
sulfate in each injection of the Sample solution:

Result = FM × rU × DU × (Mr1/Mr2) × (100/C)

FM= mean response factor from Standard solution 2
rU= peak response of the sulfate ion in the Sample solution
DU= dilution factor for the Sample solution
Mr1= molecular weight of the sulfate ion, 96.1
Mr2= molecular weight of sodium sulfate, 142.0
C = nominal concentration of fondaparinux sodium in the content of the syringe

Acceptance criteria:  NMT 0.50% (w/w)
•  Organic Impurities

System suitability solution, Standard solution, Sensitivity check solution, Sample
solution, and Chromatographic system:  Proceed as directed in the Assay.

Samples:  System suitability solution, Standard solution, Sensitivity check solution, Sample
solution, and Blank 
Calculate the percentage (area/area) of each individual unspecified impurity for each
injection of the Sample solution:

Result = [rU/(rT + rS)] × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses for degradation impurities from the Sample solution
rS= peak response of fondaparinux sodium from the Sample solution

Taking into account the correction factors for specified impurities (see Table 3), calculate
the individual content (% w/w) of specified fondaparinux related compounds B, C, and G:

Result = [(rU/(rT × F)] × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all the peak responses for impurities from the Sample solution
F= relative response factor for the individual impurity peak (response factor of individual

impurity/response factor of fondaparinux sodium [see Table 3])

Calculate the total degradation product content by summing the mean unrounded content
values for the following peaks: fondaparinux related compounds A, B, C, D, F, and G and
any unspecified impurities that are not synthetic impurities. Exclude peaks below the LOQ
(0.003% w/w for fondaparinux related compound B, 0.002% w/w for fondaparinux related
compound G, and 0.200% for all other degradation products and fondaparinux related
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compound E).

Individual impurities:  See Table 3.

Table 3

Name

Relative
Retention

Time
Response

Factor

Acceptance
Criteria,
NMT (%)

Fondaparinux related compound A 0.35 1.0 1.0 (a/a)

Fondaparinux related compound Ba 0.48 70 0.150 (w/w)

Fondaparinux related compound Cb 0.76 1.0 0.8 (w/w)/0.4 (w/w)c

Fondaparinux related compound D 0.80 1.0 0.8 (a/a)

Fondaparinux related compound Ed 0.93 — —

Fondaparinux related compound Fe 1.29 1.0 2.0 (a/a)

Fondaparinux related compound Gf 1.34 100 0.10 (w/w)
Fondaparinux sodium — 1.0 —
Total impurities — — 5.0

a  Methyl-O-(4-deoxy-2-O-sulfo- -l-threo-hex-4-enopyranosyluronate)-(1®4)-O-(2-deoxy-
6-O-sulfo-2-sulfamino- -d-glucopyranoside), tetrasodium salt.

b  Methyl O-(2-deoxy-6-O-sulfo-2-(sulfoamino)- -d-glucopyranosyl)-(1®4)-O-( -d-
glucopyranosyluronate)-(1®4)-O-(2-deoxy-3,6-di-O-sulfo-2-amino- -d-glucopyranosyl-
(1®4)-O-2-O-sulfo- -l-idopyranosyluronate)-(1®4)-(2-deoxy-6-O-sulfo-2-(sulfoamino)-

-d-glucopyranoside), nonasodium salt.
c  0.8 (w/w) for Injection at 12.5 mg/mL and 0.4% (w/w) for Injection at 5 mg/mL.
d  Synthetic impurity included for identification purposes only and excluded from impurities

calculations.
e  The fondaparinux related compound F peak can appear as a complex set of peaks in the

region RRT 1.2 to RRT 1.24. These peaks, which may not be fully resolved from each
other, appear before the fondaparinux related compound G peak. In such a case, the
integration should be performed so that all such peaks are combined. Specified
degradation products can be assigned by reference to the specimen chromatogram of the
System suitability solution associated with USP Fondaparinux Sodium System Suitability
Mixture B RS.

f  2-Deoxy-6-O-sulfo-2-(sulfoamino)- -d-glucopyranosyl-(1®4)-O-( -d-
glucopyranosyluronate)-(1®4)-O-(2-deoxy-3,6-di-O-sulfo-2-(sulfoamino)- -d-
glucopyranosyl)-(1®4)-O-(2-O-sulfo- -l-idopyranosyluronate)-(1®4)-(1,2-dideoxy-6-O-
sulfo-2-(sulfoamino)-d-enoglucopyranoside), decasodium salt.

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 3.3 USP Endotoxin Units/mg of fondaparinux sodium

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Sterility Tests 71 : Where it is labeled as sterile, it meets the requirements.

•  pH 791 : 5.0–8.0, in a solution, at 20 –25

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Preserve in single-dose or in multiple-dose containers in Type I

glass or other validated container-closure system. Store at or below 25 .
•  Labeling: Label it to indicate the amount, in mg, of fondaparinux sodium in the total volume

of contents.

•  USP Reference Standards 11
USP Endotoxin RS
USP Fondaparinux Sodium for Assay RS
USP Fondaparinux Sodium System Suitability Mixture B RS

1 One suitable suppressor is Dionex ASRS 300 4 mm.

BRIEFING

Gentamicin and Prednisolone Acetate Ophthalmic Ointment, USP 36 page 3726. See the
Briefing under Atropine Sulfate Ophthalmic Ointment. The following changes are proposed:

1. Identification test A is revised to delete the pore size of the silica gel.
2. The Assay for Prednisolone Acetate is revised to update the column dimensions and

other analytical parameters and to remove the column efficiency requirement. The
remaining criteria are adequate to evaluate system suitability.

3. The test for Water Determination is deleted per current USP convention to eliminate
this test from drug product monographs.

4. The storage temperature is added based on the storage requirements for FDA-approved
products.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Gentamicin and Prednisolone Acetate Ophthalmic Ointment

DEFINITION

Gentamicin and Prednisolone Acetate Ophthalmic Ointment contains the equivalent of NLT
90.0% and NMT 120.0% of the labeled amount of gentamicin, and NLT 90.0% and NMT 110.0%
of the labeled amount of prednisolone acetate (C23H30O6).

IDENTIFICATION

Change to read:
•  A. Thin-Layer Chromatography

Standard solution:  1 mg/mL of USP Gentamicin Sulfate RS in water
Sample solution:  Nominally 1 mg/mL of gentamicin from Ophthalmic Ointment prepared as

follows. Shake a quantity of Ophthalmic Ointment, containing nominally 5 mg of
gentamicin, with a mixture of 200 mL of chloroform and 5 mL of water. Allow to separate,
and filter the aqueous layer.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel having an average pore size of 6
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nm

Application volume:  20 µL
Developing solvent system:  Mix chloroform, methanol, and ammonium hydroxide

(20:13:10), allow to separate, and use the lower layer.
Analysis 

Samples:  Standard solution and Sample solution 
Apply the Standard solution and Sample solution to the plate. Place the plate in a
chromatographic chamber, and develop the chromatogram in the Developing solvent
system until the solvent front has moved three-fourths of the length of the plate.
Remove the plate from the chamber, air-dry, and expose the plate to vapors of iodine in
a detection jar containing iodine crystals.

Acceptance criteria:  The intensities and RF values of the three principal spots from the
Sample solution correspond to those from the Standard solution.

•  B. The retention time of the prednisolone acetate peak of the Sample solution corresponds
to that of the Standard solution, as obtained in the Assay for Prednisolone Acetate.

ASSAY
•  Gentamicin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment containing nominally 1 mg of

gentamicin with about 50 mL of ether in a separator, and extract with four 20-mL portions
of Buffer B.3 (see the chapter). Combine the buffer extracts, and dilute with Buffer B.3 to
a suitable volume to obtain a Test Dilution having a gentamicin concentration that is
nominally equivalent to the median level of the standard.

Analysis:  Proceed as directed in the chapter.
Acceptance criteria:  90.0%–120.0%

Change to read:
•  Prednisolone Acetate

Mobile phase:  Acetonitrile and water (40:60). Pass through a suitable filter having a
porosity of 1 µm or less.

Internal standard solution:  2.7 mg/mL of fluorometholone acetate in methanol
Standard stock solution:  0.38 mg/mL of USP Prednisolone Acetate RS in methanol
Standard solution:  0.06 mg/mL of USP Prednisolone Acetate RS in methanol prepared as

follows. Transfer 8.0 mL of Standard stock solution to a 50-mL volumetric flask, add 25 mL
of n-hexane, and shake. Add 2.0 mL of Internal standard solution, dilute with methanol to
volume, and shake vigorously for 30 s. Allow the layers to separate, remove the upper n-
hexane layer by aspiration, and discard the aspirate. Dilute the solution in the volumetric
flask with methanol to volume. Centrifuge a portion of this solution, and use the clear
supernatant.

Sample solution:  Nominally 0.06 mg/mL of prednisolone acetate from Ophthalmic Ointment
in methanol prepared as follows. Transfer a portion of Ophthalmic Ointment, containing
nominally 3 mg of prednisolone acetate, to a 50-mL volumetric flask, add 25 mL of n-
hexane, and shake. Add 2.0 mL of Internal standard solution, dilute with methanol to
volume, and shake vigorously for 30 s. Allow the layers to separate, remove the upper n-
hexane layer by aspiration, and discard the aspirate. Dilute the solution in the volumetric
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flask with methanol to volume. Centrifuge a portion of this solution, and use the clear
supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 20-cm
30-cm; 10-µm

packing L1
Flow rate:  2 mL/min
Injection volume:  30 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between the prednisolone acetate and fluorometholone acetate
peaks

Tailing factor:  NMT 1.5
Column efficiency:  NLT 2500 theoretical plates

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of prednisolone acetate (C23H30O6) in the
portion of Ophthalmic Ointment taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak area response ratio of prednisolone acetate to fluorometholone acetate from the
Sample solution

RS= peak area response ratio of prednisolone acetate to fluorometholone acetate from the
Standard solution

CS= concentration of USP Prednisolone Acetate RS in the Standard solution (mg/mL)
CU= nominal concentration of prednisolone acetate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
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Acceptance criteria: NMT 1.0%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes, and avoid

exposure to excessive heat.
Preserve in collapsible ophthalmic ointment tubes. Store at controlled room temperature.

•  USP Reference Standards 11
USP Gentamicin Sulfate RS 
USP Prednisolone Acetate RS 

BRIEFING

Gentamicin Sulfate Ophthalmic Ointment, USP 36 page 3723. The monograph is revised as
follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Identification test is revised to delete the pore size of the silica gel.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Gentamicin Sulfate Ophthalmic Ointment

DEFINITION

Gentamicin Sulfate Ophthalmic Ointment contains the equivalent of NLT 90.0% and NMT
135.0% of the labeled amount of gentamicin.

IDENTIFICATION

Change to read:
•  A. Thin-Layer Chromatography

Standard solution:  1 mg/mL of USP Gentamicin Sulfate RS in water
Sample solution:  Nominally 1 mg/mL of gentamicin from Ophthalmic Ointment prepared as

follows. Shake a quantity of Ophthalmic Ointment, containing nominally 5 mg of
gentamicin, with a mixture of 200 mL of chloroform and 5 mL of water. Allow to separate,

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 573



and filter the aqueous layer.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel having an average pore size of 6

nm

Application volume:  20 µL
Developing solvent system:  Mix chloroform, methanol, and ammonium hydroxide

(20:13:10). Allow to separate, and use the lower layer.
Analysis 

Samples:  Standard solution and Sample solution

Apply the Standard solution and the Sample solution to the plate. Place the plate in a
chromatographic chamber, and develop the chromatogram in the Developing solvent
system until the solvent front has moved three-fourths of the length of the plate. Remove
the plate, air-dry, and expose it to vapors of iodine in a detection jar containing iodine
crystals.

Acceptance criteria:  The intensities and RF values of the three principal spots of the
Sample solution correspond to those of the Standard solution.

ASSAY
•  Procedure 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment containing nominally 1 mg of

gentamicin with about 50 mL of ether in a separator, and extract with four 20-mL portions
of Buffer B.3 (see the chapter). Combine the buffer extracts, and dilute with Buffer B.3 to
a suitable volume to obtain a Test Dilution having a gentamicin concentration that is
nominally equivalent to the median level of the standard.

Analysis:  Proceed as directed in the chapter.
Acceptance criteria:  90.0%–135.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%
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Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes, and avoid

exposure to excessive heat.
Preserve in collapsible ophthalmic ointment tubes. Store at controlled room temperature.

•  USP Reference Standards 11
USP Gentamicin Sulfate RS 

BRIEFING

Chorionic Gonadotropin, USP 36 page 3763. General chapter Design and Analysis of Biological

Assays 111  has been proposed for revision in PF 39(4), and several sections that are
referenced in this monograph will no longer be in the revised chapter. Therefore, this revision
proposal contains modified language for calculations in the Assay. The monograph also
contained a reference to Pyrogen that no longer exists, so the sample preparation for the
Acute Toxicity test has been clarified. In addition, the monograph has been redesigned to a
modern format and the CAS number added.

(BIO1: M. Kibbey.)
Correspondence Number—C132088

Comment deadline: November 30, 2013
Chorionic Gonadotropin

Add the following:
[9002-61-3]

.

DEFINITION

Chorionic Gonadotropin is a gonad-stimulating polypeptide hormone obtained from the urine of
pregnant women. Its potency is NLT 1500 USP Chorionic Gonadotropin Units in each mg, and
NLT 80.0% and NMT 125.0% of the potency stated on the label.

ASSAY

Change to read:
•  Procedure

Diluent:  Saline TS, freshly prepared to contain 1 mg/mL of bovine serum albumin and
adjusted with sodium hydroxide TS to a pH of 6.9–8.0

Standard stock solution:  10 Units/mL of USP Human Chorionic Gonadotropin RS in Diluent
Standard solutions:  From the Standard stock solution, prepare three Standard solutions in

Diluent such that the respective concentrations of chorionic gonadotropin constitute a
geometric series such as 1: 1.2: 1.44 or 1:2:4 and such that the activity in each mL lies

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 575



within the range of 0.1–1.0 Unit.
Sample solutions:  Following the analysis outlined for the Standard stock solution and

Standard solutions, prepare solutions of Chorionic Gonadotropin to obtain three Sample
solutions corresponding to those of the Standard solutions.

Animals:  Select 20- to 23-day-old female rats, but restrict the selection so that no rat is
more than 30% heavier than the lightest. House the animals under uniform conditions of
temperature, lighting, feeding, and watering. Mark the animals for identification, and divide
them at random into groups of the same number but NLT 10 animals. Assign one group to
each of the three Standard solutions and three Sample solutions, respectively.

Analysis:  Inject each rat subcutaneously in the dorsal area with 0.20 mL of the solution to
which it was assigned, at approximately the same time on each of 3 consecutive days. On
the afternoon of the fifth day, sacrifice the animals, and excise the uterus from each
animal by cutting through the cervix, stripping off the surrounding tissue, and severing at
the utero-tubal junction. Gently press out the uterine fluid on moistened absorbent paper,
and weigh the uterus to the nearest 0.2 mg, using a suitable balance.
Calculation:  Tabulate the observed uterine weight for each rat, designated by the

symbol y, for each dosage group of f rats. If the data from one or more rats are missing,
adjust to groups of equal size by suitable means. (see Design and Analysis of Biological

Assays 111 , Replacement of Missing Values)

Total the values of y in each group, and designate each total as T, subscripts 1–3 for the
three successive dosage levels and subscripts S and U for the Standard solutions and
the Sample solutions, respectively. Test both the agreement in slope of the dosage-
response lines for the Standard and for the sample, and the lack of curvature, as
directed for a 3-dose balanced assay by suitable statistical methods (see Design and

Analysis of Biological Assays 111 , Experimental Error and Tests of Assay Validity). If
the combined discrepancy as measured by F3 exceeds its tabular value in Table 9 (see

Design and Analysis of Biological Assays 111 , Combination of Independent Assays),
regard these data as preliminary and repeat the assay.
Test for parallelism and linearity between the results for the Standard solutions
compared to the Sample solutions by suitable statistical methods.

Determine the logarithm of potency of the sample taken:

Result = (4iTa/3Tb) + log R

i= interval between successive log doses of both the Standard solution and the Sample
solution

Ta = S(TU  TS)

Tb = S(T3  T1)

R = vS/vU

vS= high dose of the Standard (USP Units)
vU= high dose of the sample (mL)

Compute the log confidence interval L (see Design and Analysis of Biological Assays 111
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,Confidence Intervals for Individual Assays

). If the confidence interval is more than 0.1938, which corresponds at P = 0.95 to
confidence limits of 80% and 125% of the computed potency, repeat the Assay until the
combined data of two or more assays, redetermined as described under Design and

Analysis of Biological Assays 111 , Combination of Independent Assays, meet this limit.

Acceptance criteria:  Potency is NLT 1500 USP Chorionic Gonadotropin Units/mg, and
80.0%–125.0% of the potency stated on the label.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 5.0%
•  Estrogenic Activity

Sample solution:  Dissolve a suitable quantity in saline TS to obtain an equivalent of 1000
USP Chorionic Gonadotropin Units/mL.

Analysis:  Into each of five rats that have been ovariectomized NLT 2 weeks previously,
inject subcutaneously 0.25 mL of the Sample solution in the morning and in the afternoon
of 2 successive days. On each of the 3 following days, take a vaginal smear from each
animal.

Acceptance criteria:  The requirements of the test are met if the cellular elements in the
smears consist mainly of leukocytes and a few nucleated epithelial cells, but no cornified
epithelial cells.

•  Bacterial Endotoxins Test 85 : Contains NMT 0.03 USP Endotoxin Unit/USP Chorionic
Gonadotropin Unit

•  Sterility Tests 71 : Where the label states that it is sterile, it meets the requirements.

Change to read:
•  Acute Toxicity:

Sample solution:  Prepare as directed in the test for Pyrogen, but
by dissolving a suitable quantity in sterile, pyrogen-free saline TS to obtain a solution

containing 2000 USP Chorionic Gonadotropin Units/mL.
Analysis:  Select five healthy mice, weighing 18–22 g. Inject intravenously a dose of 0.5

mL of the Sample solution into each of the mice. Observe the animals over the 48 h
following the injection.

Acceptance criteria:  The requirements of the test are met if, at the end of 48 h, all of the
animals survive and NMT one of the animals shows outward symptoms of a toxic reaction.
If more than 1 of the animals show outward signs of a toxic reaction or if NMT 2 of the
animals die, repeat the test on 10 additional, similar animals. If all of the animals of the
repeat test survive for 48 h and show no symptoms of a toxic reaction, the requirements
of the test are met.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, preferably of Type I glass, in a

refrigerator.

•  USP Reference Standards 11
USP Endotoxin RS
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USP Human Chorionic Gonadotropin RS

BRIEFING

Chorionic Gonadotropin for Injection, USP 36 page 3764. General chapter Design and

Analysis of Biological Assays 111  has been proposed for revision in PF 39(4), and several
sections that are referenced in this monograph will no longer be in the revised chapter.
Therefore, this revision proposal contains modified language for calculations in the Assay. It
is also proposed to have a self-contained test for Uniformity of Dosage Units, and to remove

the now inappropriate reference to Uniformity of Dosage Units 905 , as well as proposing
a procedural clarification for the labels. In addition, the monograph has been redesigned to a
modern format.

(BIO1: M. Kibbey.)
Correspondence Number—C132089

Comment deadline: November 30, 2013
Chorionic Gonadotropin for Injection

DEFINITION

Chorionic Gonadotropin for Injection is a sterile, dry mixture of Chorionic Gonadotropin with
suitable diluents and buffers. Its potency is NLT 80.0% and NMT 125.0% of the potency stated
on the label in USP Chorionic Gonadotropin Units. It may contain an antimicrobial agent.

ASSAY

Change to read:
•  Procedure

Diluent:  Saline TS, freshly prepared to contain 1 mg/mL of bovine serum albumin and
adjusted with sodium hydroxide TS to a pH of 6.9–8.0

Standard stock solution:  10 Units/mL of USP Human Chorionic Gonadotropin RS in Diluent
Standard solutions:  From the Standard stock solution, prepare three Standard solutions in

Diluent such that the respective concentrations of chorionic gonadotropin constitute a
geometric series such as 1: 1.2: 1.44 or 1:2:4 and such that the activity in each mL lies
within the range of 0.1–1.0 Unit.

Sample solutions:  Dilute a portion of the solution prepared for the test for Estrogenic
Activity quantitatively and stepwise with Diluent to obtain three Sample solutions
corresponding to those of the Standard solutions.

Animals:  Select 20- to 23-day-old female rats, but restrict the selection so that no rat is
more than 30% heavier than the lightest. House the animals under uniform conditions of
temperature, lighting, feeding, and watering. Mark the animals for identification, and divide
them at random into groups of the same number but NLT 10 animals. Assign one group to
each of the three Standard solutions and three Sample solutions, respectively.

Analysis:  Inject each rat subcutaneously in the dorsal area with 0.20 mL of the solution to
which it was assigned, at approximately the same time on each of 3 consecutive days. On
the afternoon of the fifth day, sacrifice the animals, and excise the uterus from each
animal by cutting through the cervix, stripping off the surrounding tissue, and severing at
the utero-tubal junction. Gently press out the uterine fluid on moistened absorbent paper,
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and weigh the uterus to the nearest 0.2 mg, using a suitable balance.
Calculation:  Tabulate the observed uterine weight for each rat, designated by the

symbol y, for each dosage group of f rats. If the data from one or more rats are missing,
adjust to groups of equal size by suitable means. (see Design and Analysis of Biological

Assays 111 , Replacement of Missing Values)

Total the values of y in each group, and designate each total as T, subscripts 1 to 3 for
the three successive dosage levels, and subscripts S and U for the Standard solutions
and Sample solutions, respectively. Test both the agreement in slope and lack of
curvature of the dosage-response lines for the Standard and Injection as directed for a

3-dose balanced assay (see Design and Analysis of Biological Assays 111 , Tests of
Assay Validity). If the combined discrepancy as measured by f3 exceeds its tabular value

in Table 9 (see Design and Analysis of Biological Assays 111 , Combination of
Independent Assays), regard these data as preliminary, and repeat the Assay.
Test for parallelism and linearity between the results for the Standard solutions
compared to the Sample solutions by suitable statistical methods.

Determine the logarithm of potency of the Injection:

Result = (4iTa/3Tb) + log R

i= interval between successive log doses of the Standard solution and Sample solution

Ta = S(TU  TS)

Tb = S(T3  T1)

R = vS/vU

vS= high dose of the Standard (USP Units)
vU= high dose of the sample (mL)

Compute the log confidence interval, L (see Design and Analysis of Biological Assays 

111  , Confidence Intervals for Individual Assays

). If the confidence interval is more than 0.1938, which corresponds at P = 0.95 to
confidence limits of 80% and 125% of the computed potency, repeat the Assay until the
combined data of two or more assays, redetermined as described under Design and

Analysis of Biological Assays 111 , Combination of Independent Assays, meet this
limit.

Acceptance criteria:  80.0%–125.0% of the potency stated on the label

PERFORMANCE TESTS

Change to read:

•  Uniformity of Dosage Units 905
Uniformity of Dosage Units

Analysis:  Open 10 containers, and accurately weigh each individual container and its
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contents, taking care to preserve the identity of each container
and removing any labeling that might be altered in weight during the removal of the
container contents.

Remove the contents of each container by rinsing thoroughly with water, dry at 105  to
constant weight, and reweigh. Calculate for each container the net weight of its contents
by subtracting the weight of the dry, empty container from its initial gross weight.
Determine the average weight of the contents and the relative standard deviation. (see

Calculation of the Relative Standard Deviation under Uniformity of Dosage Units 905 ).

Acceptance criteria:  The requirements are met if the weight of the contents of each
container does not deviate from the average weight by more than 5.0%, and the relative
standard deviation of the 10 containers is NMT 3.0%. 
If the requirements of the test are not met, test 20 additional containers. The
requirements are met if the net weight of NMT 1 container of the 30 deviates by more
than 7.5% from the average weight of the contents of the 30 containers and the relative
standard deviation of the 30 containers is NMT 3.3%.

SPECIFIC TESTS

•  pH 791 : The pH of the solution prepared for the test for Estrogenic Activity is between
6.0 and 8.0.

•  Estrogenic Activity
Sample solution:  Reconstitute as directed in the labeling.
Analysis:  Into each of five rats that have been ovariectomized NLT 2 weeks previously,

inject subcutaneously 0.25 mL of the Sample solution in the morning and in the afternoon
of 2 successive days. On each of the 3 following days, take a vaginal smear from each
animal.

Acceptance criteria:  The requirements of the test are met if the cellular elements in the
smears consist mainly of leucocytes and a few nucleated epithelial cells, but no cornified
epithelial cells.

•  Other Requirements: It meets the requirements in Injections 1 , Labeling.

•  Bacterial Endotoxins Test 85 : It contains NMT 0.03 USP Endotoxin Unit/USP Chorionic
Gonadotropin Unit.

•  Sterility Tests 71 : Meets the requirements

•  Constituted Solution: At the time of use, it meets the requirements in Injections 1 ,
Constituted Solutions.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids.

•  Labeling: Label it to indicate the expiration date.

•  USP Reference Standards 11
USP Endotoxin RS
USP Human Chorionic Gonadotropin RS

BRIEFING
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Hydralazine Hydrochloride, USP 36 page 3818. It is proposed to revise the monograph as
follows:

1. Replace the nonspecific Identification test B based on UV absorption with an
Identification test B based on the retention time agreement in accordance with the
Assay.

2. Include monograph format changes to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C133989

Comment deadline: November 30, 2013
Hydralazine Hydrochloride

C8H8N4·HCl       196.64 

Phthalazine, 1-hydrazino-, monohydrochloride;     
1-Hydrazinophthalazine monohydrochloride     [304-20-1].

DEFINITION

Hydralazine Hydrochloride contains NLT 98.0% and NMT 102.0% of hydralazine hydrochloride
(C8H8N4·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

Delete the following:

•  B. Ultraviolet Absorption 197U
Analytical wavelength: 260 nm
Sample solution: 1 in 100,000
Medium: Water
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more

than 3.0%.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to the major

peak of the Standard solution, as obtained in the Assay. 

•  C. Identification Tests—General, Chloride 191

2S (USP37)
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Sample solution:  0.25 mg/mL solution
Acceptance criteria:  Meets the requirements

ASSAY
•  Procedure

Mobile phase:  Dissolve 1.44 g of sodium dodecyl sulfate and 0.75 g of tetrabutylammonium
bromide in 770 mL of water, and add 230 mL of acetonitrile. Adjust with 0.1 N sulfuric acid
to a pH of 3.0.

System suitability stock solution:  0.25 mg/mL of USP Hydralazine Hydrochloride RS and
0.05 mg/mL of phthalazine in 0.1 N acetic acid

System suitability solution:  25 µg of USP Hydralazine Hydrochloride RS and 5 µg/mL of
phthalazine in 0.1 N acetic acid from System suitability stock solution

Standard stock solution:  0.4 mg/mL of USP Hydralazine Hydrochloride RS, in 0.1 N acetic
acid

Standard solution:  40 µg/mL of USP Hydralazine Hydrochloride RS in 0.1 N acetic acid from
Standard stock solution

Sample stock solution:  0.4 mg/mL of Hydralazine Hydrochloride in 0.1 N acetic acid
Sample solution:  40 µg/mL of Hydralazine Hydrochloride in 0.1 N acetic acid prepared as

follows. Transfer a suitable amount of the Sample stock solution in a suitable volumetric
flask. Dilute with 0.1 N acetic acid to volume, and filter, discarding the first 10 mL of the
filtrate.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.0-mm × 25-cm; 10-µm packing L10
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for phthalazine and hydralazine hydrochloride are 0.65

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4.0 between the phthalazine and hydralazine peaks, System suitability
solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of hydralazine hydrochloride (C8H8N4·HCl) in the portion of
Hydralazine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of hydralazine from the Sample solution
rS= peak response of hydralazine from the Standard solution
CS= concentration of the USP Hydralazine Hydrochloride RS in Standard solution (µg/mL)
CU= concentration of Hydralazine Hydrochloride in the Sample solution (µg/mL)
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Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities

Mobile phase and System suitability solution:  Prepare as directed in the Assay.
Sample solution:  0.5 mg/mL of Hydralazine Hydrochloride in 0.1 N acetic acid prepared as

follows. Transfer a suitable amount of Hydralazine Hydrochloride to a suitable volumetric
flask. Add 0.1 N acetic acid to fill about 60% of the total volume, and sonicate to
dissolve. Cool, and dilute with 0.1 N acetic acid to volume.

Chromatographic system:  Proceed as directed in the Assay, except use an Injection
volume of 20 µL.

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for phthalazine and hydralazine hydrochloride are 0.65

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4.0 between the phthalazine and hydralazine peaks
Analysis 

Sample:  Sample solution

Calculate the percentage of each peak, other than the solvent peak and the hydralazine
peak, in the portion of Hydralazine Hydrochloride taken:

Result = (rU/rT) × 100

rU= peak response of each peak
rT= sum of the responses of all the peaks, excluding that of the solvent peak

Acceptance criteria 
Total impurities:  NMT 1.0%

•  Limit of Hydrazine
Buffer:  Dissolve 5.82 g of dibasic sodium phosphate and 3.81 g of monobasic potassium

phosphate in 1 L of water, and adjust with either 1 N sodium hydroxide or 1 N phosphoric
acid to a pH of 7.0 ± 0.1.

Mobile phase:  Dissolve 300 mg of edetate disodium in 300 mL of water in a 1-L volumetric
flask. Dilute with acetonitrile to volume.

Benzaldehyde solution:  Transfer 1.0 mL of benzaldehyde into a 100-mL volumetric flask,
and dilute with a mixture of methanol and water (9:1) to volume.

Acetonitrile solution:  Transfer 300 mL of water to a 1000-mL volumetric flask, and dilute
with acetonitrile to volume.

Standard stock solution:  0.65 mg/mL of hydrazine dihydrochloride in water
Standard solution 1:  0.325 µg/mL of hydrazine dihydrochloride in water from Standard

stock solution
Standard solution 2:  Transfer 1.0 mL of Standard solution 1 into a 10-mL reaction vessel.

Add 4.0 mL of Benzaldehyde solution, and shake by mechanical means for 20 min.
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Standard solution 3:  Transfer 2.0 mL of Standard solution 2 to a 5-mL volumetric flask,
and dilute with Acetonitrile solution to volume.

Extraction column:  Condition the Extraction column (specified under Sample solution) as
follows. Wash the column with two 2.0-mL portions of hexanes, and dry with the aid of a
vacuum for 2 min. Wash the column with two 2.0-mL portions of methanol, two 2.0-mL
portions of water, and two 2.0-mL portions of the Buffer. At no time after the hexanes
wash should the column be allowed to dry out.

Sample solution:  Transfer about 20 mg of Hydralazine Hydrochloride to a 10-mL reaction
vessel, and dissolve in 1.0 mL of water. Add 4.0 mL of Benzaldehyde solution, and shake
by mechanical means for 20 min. Pipet 2.0 mL of this solution into a freshly conditioned
solid phase Extraction column containing benzenesulfonic acid strong cation-exchange
packing with a sorbent-mass to column volume ratio of 500 mg per 3 mL, or equivalent,
and elute into a 5-mL volumetric flask. Wash the column with two 1.5-mL portions of
Acetonitrile solution, collecting the washings with the eluate, and dilute with Acetonitrile
solution to volume.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 310 nm
Column:  4.0-mm × 25-cm; 10-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for hydralazine derivative and hydrazine derivative are

about 1.0 and 1.5, respectively.]
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of hydrazine in the portion of hydralazine hydrochloride
(C8H8N4·HCl) taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of hydrazine from the Sample solution
rS= peak response of hydrazine from the Standard solution
CS= concentration of hydrazine dihydrochloride in the Standard solution (µg/mL)
CU= concentration of hydralazine hydrochloride in the Sample solution (µg/mL)
Mr1= molecular weight of hydrazine, 32.05
Mr2= molecular weight of hydrazine dihydrochloride, 104.97

Acceptance criteria:  NMT 0.001%

SPECIFIC TESTS

•  pH 791
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Sample solution:  20 mg/mL solution
Acceptance criteria:  3.5–4.2

•  Loss on Drying 731

Analysis:  Dry at 110  for 15 h.
Acceptance criteria:   NMT 0.5%

•  Water-Insoluble Substances
Sample:  2.0 g
Analysis:  Transfer the Sample to a 250-mL conical flask. Add 100 mL of water, and shake

by mechanical means for 30 min. Filter the solution through a tared sintered-glass
crucible, and wash into the crucible any undissolved residue remaining in the flask. Wash

the residue with three 10-mL portions of water, dry at 105  for 3 h, cool, and weigh.
Acceptance criteria:   Weight of the residue does not exceed 10 mg (0.5%).

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

•  USP Reference Standards 11
USP Hydralazine Hydrochloride RS 

BRIEFING

Hydrocortisone Acetate Ophthalmic Ointment, USP 36 page 3838. See the Briefing for
Atropine Sulfate Ophthalmic Ointment.

(SM4: D. Vicchio.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Hydrocortisone Acetate Ophthalmic Ointment

DEFINITION

Hydrocortisone Acetate Ophthalmic Ointment is Hydrocortisone Acetate in a suitable ophthalmic
ointment base. It contains NLT 90.0% and NMT 110.0% of the labeled amount of total steroids,
calculated as C23H32O6. It is sterile.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201
Sample solution:  Transfer a quantity of Ophthalmic Ointment equivalent to 5 mg of

hydrocortisone acetate to a flask, add 5 mL of methanol, and heat on a steam bath for 5
min with frequent mixing. Cool to solidify the Ophthalmic Ointment base, and filter. Use the
filtrate.

Spray reagent:  70% methanolic sulfuric acid solution
Analysis:  Proceed as directed in the chapter. Locate the spots by spraying the dried plate

with Spray reagent. Heat the plate for 20–30 min at 90 , allow to cool, and view under
long-wavelength UV light.

Acceptance criteria:  The RF value and fluorescence of the principal spot of the Sample
solution correspond to those of the Standard solution.
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ASSAY

•  Assay for Steroids 351
Standard solution:  Proceed as directed in the chapter for Standard Preparation using USP

Hydrocortisone Acetate RS.
Sample solution:  Transfer a portion of Ophthalmic Ointment equivalent to 10 mg of

hydrocortisone acetate to a flask, and add 30 mL of alcohol. Heat on a steam bath to
melt the Ophthalmic Ointment base. Cool to solidify the Ophthalmic Ointment base, and
filter the alcohol solution into a 100-mL volumetric flask. Repeat the extraction with three
20-mL portions of alcohol, and add alcohol to volume. Pipet 10 mL of this solution into a
100-mL volumetric flask, and add alcohol to volume. Pipet 20 mL of the resulting solution
into a glass-stoppered, 50-mL conical flask.

Analysis:  Proceed as directed in the chapter. 
Calculate the percentage of the total amount of steroids, as C23H32O6, in the portion
Ophthalmic Ointment taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:
•  Particulate Matter: It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 . 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Hydrocortisone Acetate RS 

BRIEFING

Hydroxyzine Hydrochloride, USP 36 page 3862. Based on comments received and USP
monograph improvement efforts, it is proposed to revise the monograph as follows:

1. Replace the test for Loss on Drying 731  with the test for Water Determination 921

2S (USP37)
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. Comments received indicate that the current drying procedure does not remove
all of the moisture present in the sample.

2. Replace the UV procedure in Identification test B with the retention time agreement
using the existing HPLC procedure in the Assay.

3. Include the storage conditions based upon the approved storage conditions for drug
products containing hydroxyzine hydrochloride.

4. Update the monograph to be consistent with current USP style.

(SM4: H. Joyce.)
Correspondence Number—C127667

Comment deadline: November 30, 2013
Hydroxyzine Hydrochloride

C21H27ClN2O2·2HCl       447.83 

Ethanol, 2-[2-[4-[(4-chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy]-, dihydrochloride, (±)-
;     
(±)-2-[2-[4-(p-Chloro- -phenylbenzyl)-1-piperazinyl]ethoxy]ethanol dihydrochloride     [2192-
20-3].

DEFINITION

Change to read:

Hydroxyzine Hydrochloride contains NLT 98.0% and NMT 102.0% of hydroxyzine hydrochloride
(C21H27ClN2O2·2HCl), calculated on the dried
anhydrous

basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  10 µg/mL of Hydroxyzine Hydrochloride in alcohol
Analytical wavelength:  230 nm
Acceptance criteria:  Absorptivities do not differ by more than 3.0%, calculated on the

dried basis.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution as obtained in the Assay.

•  C.
Sample solution:  2.5 mg/mL of Hydroxyzine Hydrochloride in water
Analysis:  To 10 mL of Sample solution add 2 drops of nitric acid and 1 mL of silver nitrate

TS.
Acceptance criteria:  A curdy, white precipitate, insoluble in 2 N nitric acid but soluble in 6

N ammonium hydroxide, separates (presence of chloride).

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile and 0.12 N sulfuric acid (90:10)
System suitability solution:  3.6 µg/mL each of USP Hydroxyzine Hydrochloride RS and

USP Hydroxyzine Related Compound A RS in Mobile phase
Standard solution:  0.3 mg/mL of USP Hydroxyzine Hydrochloride RS in Mobile phase
Sample stock solution:  Nominally 0.6 mg/mL of Hydroxyzine Hydrochloride in Mobile phase
Sample solution:  Nominally 0.3 mg/mL of Hydroxyzine Hydrochloride in Sample stock

solution in Mobile phase
Sample solution:  Nominally 0.3 mg/mL of Hydroxyzine Hydrochloride in Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; packing L3
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  NLT 1.8 times the retention time of the hydroxyzine peak

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for hydroxyzine related compound A and hydroxyzine

are about 0.9 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between hydroxyzine related compound A and hydroxyzine,
System suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of hydroxyzine hydrochloride (C21H27ClN2O2·2HCl) in the portion
of Hydroxyzine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of hydroxyzine from the Sample solution
rS= peak response of hydroxyzine from the Standard solution
CS= concentration of USP Hydroxyzine Hydrochloride RS in the Standard solution (mg/mL)
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CU= concentration of Hydroxyzine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried
anhydrous

basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.5%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Mobile phase, System suitability solution, Chromatographic system, and System
suitability:  Proceed as directed in the Assay.
Standard stock solution:  0.3 mg/mL of USP Hydroxyzine Hydrochloride RS in Mobile

phase
Sample solution:  1.8 µg/mL of USP Hydroxyzine Hydrochloride RS from Standard stock

solution in Mobile phase
Standard solution:  1.8 µg/mL of USP Hydroxyzine Hydrochloride RS in Mobile phase

Sample solution:  600 µg/mL of Hydroxyzine Hydrochloride in Mobile phase
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Hydroxyzine Hydrochloride
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of hydroxyzine from the Standard solution
CS= concentration of USP Hydroxyzine Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Hydroxyzine Hydrochloride in the Sample solution (µg/mL)

Acceptance criteria 
Any individual impurity:  NMT 0.3%
Total impurities:  NMT 1.5%

SPECIFIC TESTS

Delete the following:

•  Loss on Drying 731

Analysis: Dry under vacuum at 75  for 3h.
Acceptance criteria:  NMT 5.0%

Add the following:

•  Water Determination 921 : NMT 5.0% 
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. Protect from light.

•  USP Reference Standards 11
USP Hydroxyzine Hydrochloride RS 
USP Hydroxyzine Related Compound A RS 

1-[(4-Chlorophenyl)phenylmethyl]piperazine.     
C17H19ClN2      286.80

BRIEFING

Hydroxyzine Hydrochloride Injection, USP 36 page 3863. As part of the USP monograph
improvement efforts, it is proposed to revise the monograph as follows:

1. Add a second Identification test B based on the HPLC retention time agreement using
the Assay.

2. Include a storage condition in the Packaging and Storage section.

3. Add USP 4-Chlorobenzophenone RS to the USP Reference Standards 11  section in
support of the Standard solution used in the Assay and Limit of 4-
Chlorobenzophenone procedures.

4. Update the monograph to be consistent with current USP style.

(SM4: H. Joyce.)
Correspondence Number—C127667

Comment deadline: November 30, 2013
Hydroxyzine Hydrochloride Injection

DEFINITION

Hydroxyzine Hydrochloride Injection is a sterile solution of Hydroxyzine Hydrochloride in Water
for Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of hydroxyzine
hydrochloride (C21H27ClN2O2·2HCl).

IDENTIFICATION
•  A.

Standard solution:  20 µg/mL of USP Hydroxyzine Hydrochloride RS in 0.1 N hydrochloric
acid

Sample solution:  Nominally 20 µg/mL of hydroxyzine hydrochloride from Injection in 0.1 N
hydrochloric acid

Acceptance criteria:  The UV absorption spectrum of the Sample solution exhibits maxima
and minima at the same wavelengths as that of the Standard solution, concomitantly
measured.

Add the following:
•  B. The retention time of the main peak in the Sample solution corresponds to that of the

hydroxyzine peak from the Standard solution as obtained in the Assay. 

2S (USP37)
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ASSAY

Change to read:
•  Procedure 

Protect the Standard solution and the Sample solution from light.
Buffer:  2 g/L of dibasic potassium phosphate and 8 g/L of monobasic potassium phosphate

adjusted with 10 N potassium hydroxide to a pH of 6.6
Mobile phase:  Methanol and Buffer (65:35)
Standard solution:  0.25 mg/mL of USP Hydroxyzine Hydrochloride RS and 0.5 µg/mL of 4-

chlorobenzophenone
USP 4-Chlorobenzophenone RS

in Mobile phase
Sample solution:  Nominally 0.25 mg/mL of hydroxyzine hydrochloride from Injection in

Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for 4-chlorobenzophenone and hydroxyzine are 0.75

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between the 4-chlorobenzophenone and hydroxyzine peaks
Tailing factor:  NMT 2.5 for the 4-chlorobenzophenone and hydroxyzine peaks
Relative standard deviation:  NMT 2.0%
for the hydroxyzine peak

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of hydroxyzine hydrochloride
(C21H27ClN2O2·2HCl) in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of hydroxyzine from the Sample solution
rS= peak response of hydroxyzine from the Standard solution
CS= concentration of USP Hydroxyzine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of hydroxyzine hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

IMPURITIES

Change to read:
•  Limit of 4-Chlorobenzophenone

2S (USP37)
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Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability:  Proceed as directed in the Assay.

Analysis 
Samples:  Standard solution and Sample solution

The ratio of the response of the 4-chlorobenzophenone peak to that of the hydroxyzine
peak obtained from the Sample solution does not exceed the corresponding ratio of peak
responses obtained from the Standard solution.
Calculate the percentage of 4-chlorobenzophenone in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of 4-chlorobenzophenone in the Sample solution
rS= peak response of 4-chlorobenzophenone in the Standard solution
CS= concentration of USP 4-Chlorobenzophenone RS in the Standard solution (mg/mL)
CU= nominal concentration of hydroxyzine hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  NMT 0.2%

SPECIFIC TESTS

•  pH 791 : 3.5–6.0

•  Bacterial Endotoxins Test 85 : NMT 3.6 USP Endotoxin Units/mg of hydroxyzine
hydrochloride

•  Other Requirements: Meets the requirements in Injections 1

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, protected

from light.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP 4-Chlorobenzophenone RS 

C13H9ClO      216.66
USP Endotoxin RS
USP Hydroxyzine Hydrochloride RS 

BRIEFING

Idoxuridine Ophthalmic Ointment, USP 36 page 3882. See the Briefing under Atropine Sulfate
Ophthalmic Ointment.

(SM1: S. Shivaprasad.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Idoxuridine Ophthalmic Ointment

2S (USP37)
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DEFINITION

Idoxuridine Ophthalmic Ointment is Idoxuridine in a petrolatum base. It contains NLT 0.45% and
NMT 0.55% of idoxuridine (C9H11IN2O5). It is sterile.

IDENTIFICATION
•  A.

Standard solution and Sample solution:  Proceed as directed in the Assay.
Acceptance criteria:  The UV absorption spectrum of the Sample solution exhibits maxima

and minima at the same wavelengths as those of the Standard solution.

ASSAY
•  Procedure

Chromatographic column:  Mix 4 g of chromatographic siliceous earth with 4 mL of 0.1 N
hydrochloric acid in a glass mortar until the mixture is fluffy. Transfer to a 19- × 250-mm

chromatographic tube (see Chromatography 621 ) that contains a pledget of glass
wool and is fitted with a stopcock at the bottom. Tamp gently to compress to a uniform
mass.

Mobile phase:  Butyl alcohol and chloroform (1:5)
Standard stock solution:  0.5 mg/mL of USP Idoxuridine RS in methanol
Standard solution:  25 µg/mL of USP Idoxuridine RS in Mobile phase from Standard stock

solution
Sample solution:  Nominally 25 µg/mL of idoxuridine in eluant obtained from the

Chromatographic column prepared as follows. Mix 4 g of chromatographic siliceous earth
with 2 mL of 0.1 N hydrochloric acid in a glass mortar until the mixture is fluffy. Add an
equivalent to 5 mg of idoxuridine from Ophthalmic Ointment to the mixture, and transfer to
the prepared Chromatographic column. Transfer 2 g of chromatographic siliceous earth
and 2 mL of 0.1 N hydrochloric acid to the glass mortar, and mix until fluffy. Use this
material to rinse the mortar and pick up any remaining Ophthalmic Ointment. Transfer half
of this mixture to the tube, and tamp gently until the column appears uniform. Transfer
the remaining portion to the Chromatographic column, and tamp as before. Wipe the walls
of the mortar with a small pledget of glass wool, and insert the pledget in the top of the
column. Pass 50 mL of chloroform through the column at a flow rate of approximately 1
mL/min, and discard the chloroform. Elute with 200 mL of Mobile phase at the same flow
rate, discarding the first 20 mL of the eluate. Collect the remainder of the eluate in a 200-
mL volumetric flask, and dilute with Mobile phase to volume.

Instrumental conditions 
Mode:  UV
Analytical wavelengths:  320 and 283 nm
Cell:  1 cm
Blank:  Mobile phase

Analysis 
Samples:  Standard solution and Sample solution

Determine the absorbance of the Sample solution and the Standard solution. 
Calculate the percentage of idoxuridine (C9H11IN2O5) in the portion of Ophthalmic
Ointment taken:
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Result = (AU283  AU320)/(AS283  AS320) × (CS/CU) × 100

AU283= absorbance of the Sample solution at 283 nm
AU320= absorbance of the Sample solution at 320 nm
AS283= absorbance of the Standard solution at 283 nm
AS320= absorbance of the Standard solution at 320 nm
CS = concentration of USP Idoxuridine RS in the Standard solution (µg/mL)
CU = nominal concentration of idoxuridine in the Sample solution (µg/mL)

Acceptance criteria:  0.45%–0.55%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes in a cool place.

•  USP Reference Standards 11
USP Idoxuridine RS 

BRIEFING

Imipramine Pamoate. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analyses is proposed.

1. The HPLC procedure in the Assay is based on analyses performed with the XTerra RP18
brand of L1 column manufactured by Waters Corporation. The typical retention times
for the pamoic acid and imipramine peaks are about 8.1 and 27.2 min, respectively.

2. The HPLC procedure in the test for Organic Impurities is based on analyses performed
with the XTerra RP18 brand of L1 column manufactured by Waters Corporation. The
typical retention time for the imipramine peak is about 9.3 min.

(SM4: D. Min, H. Joyce.)
Correspondence Number—C116800

Comment deadline: November 30, 2013

Add the following:
Imipramine Pamoate

2S (USP37)
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(C19H24N2)2·C23H16O6       949.18 

Naphthalenecarboxylic acid, 4,4'-methylenebis[3-hydroxy-, compd. with 5H-dibenz[b,f]azepine-
5-propanamine, 10,11-dihydro-N,N-dimethyl-, 2- (1:2);     
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenz[b,f]azepine compound (2:1) with 4,4'-
methylenebis(3-hydroxy-2-naphthoic acid);     
3-[10,11-Dihydro-5H-dibenzo[b,f]azepin-5-yl)-N,N-dimethylpropan-1-amine 4,4'-
methylenebis(3-hydroxy-2-naphthoate) salt (2:1)     [10075-24-8].

DEFINITION

Imipramine Pamoate contains NLT 98.0% and NMT 102.0% of imipramine pamoate
[(C19H24N2)2·C23H16O6], calculated on anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention times of the major peaks of the Sample solution correspond to those of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  5.2 g/L of dibasic potassium phosphate in water
Solution A:  Acetonitrile and Buffer (15:85). Adjust with phosphoric acid to a pH of 8.0.
Solution B:  Acetonitrile and Buffer (38:62). Adjust with phosphoric acid to a pH of 8.0.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
10 70 30
20 35 65
30 35 65
31 90 10
35 90 10

Diluent:  Acetonitrile and water (75:25)
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Standard stock solution:  2 mg/mL of USP Imipramine Pamoate RS in Diluent
Standard solution:  0.2 mg/mL of imipramine pamoate from Standard stock solution in

Solution A
Sample stock solution:  2 mg/mL of Imipramine Pamoate in Diluent
Sample solution:  0.2 mg/mL of Imipramine Pamoate from Sample stock solution in Solution

A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 269 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Autosampler temperature:  10
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution 

[Note—Approximate relative retention times for pamoic acid and imipramine are 0.3 and
1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.0 between pamoic acid and imipramine
Tailing factor:  NMT 1.8 for imipramine
Relative standard deviation:  NMT 2.0% for imipramine

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of imipramine pamoate [(C19H24N2)2·C23H16O6] in the portion of
Imipramine Pamoate taken :

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of imipramine from the Sample solution
rS= peak response of imipramine from the Standard solution
CS= concentration of USP Imipramine Pamoate RS in the Standard solution (mg/mL)
CU= concentration of Imipramine Pamoate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.10%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Buffer:  5.2 g/L of dibasic potassium phosphate in water
Solution A:  Acetonitrile and Buffer (38:62). Adjust with phosphoric acid to a pH of 7.9.
Solution B:  Acetonitrile and Buffer (70:30). Adjust with phosphoric acid to a pH of 6.0.
Mobile phase:  See Table 2.

Table 2
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Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
15 100 0
50 0 100
60 0 100
61 100 0
75 100 0

Diluent:  Acetonitrile and water (75:25)
System suitability solution:  0.5 mg/mL of USP Imipramine Pamoate RS, 0.02 mg/mL of

USP Depramine RS, and 0.02 mg/mL USP Iminodibenzyl RS in Diluent
Standard solution:  0.002 mg/mL of USP Imipramine Pamoate RS in Diluent
Sample solution:  2 mg/mL of Imipramine Pamoate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperatures 

Column:  40

Autosampler:  10
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—See Table 3 for relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between imipramine and depramine, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Imipramine Pamoate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of imipramine from the Standard solution
CS= concentration of USP Imipramine Pamoate RS in the Standard solution (mg/mL)
CU= concentration of Imipramine Pamoate in the Sample solution (mg/mL)

Acceptance criteria:  See Table 3. Disregard peaks that are less than 0.05% of the
imipramine peak.

Table 3
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Pamoic acid (Pamoate)a 0.2 —

Desipramineb 0.5 0.10
Depramine 0.7 0.10
Imipramine 1.0 —
Iminodibenzyl 3.7 0.10
Any individual, unspecified impurity — 0.10
Total impurities — 0.75

a  Pamoic acid is not an impurity. It is listed for identification purposes only.

b  10,11-Dihydro-5-[3-(methylamino)propyl]-5H-dibenz[b,f]azepine.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 2.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Depramine RS 

3-(5H-Dibenzo[b,f]azepin-5-yl)-N,N-dimethylpropan-1-amine.     
C19H22N2      278.39

USP Iminodibenzyl RS  
10,11-Dihydro-5H-dibenzo[b,f]azepine.     
C14H13N      195.28

USP Imipramine Pamoate RS

BRIEFING

Insulin Injection, USP 36 page 3913. The Biologics and Biotechnology Monographs 1 Expert
Committee recommends omission of this monograph for a drug product that is no longer
manufactured and approved for therapeutic use in the United States.

(BIO1: M. Crivellone.)    Correspondence Number—C134388

Comment deadline: November 30, 2013

Delete the following:

Insulin Injection

» Insulin Injection is an isotonic, sterile solution of Insulin. It has a potency
of not less than 95.0 percent and not more than 105.0 percent of the
potency stated on the label, expressed in USP Insulin Units.

2S (USP37)
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Packaging and storage—Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.

Labeling—Label it to indicate the one or more animal species to which it is related, as pork, as
beef, or as a mixture of pork and beef. If the Insulin Injection is made from Insulin that is
purified, label it as such. Label it to state that it is to be stored in a refrigerator and that
freezing is to be avoided. The label states the potency in USP Insulin Units per mL.

USP Reference standards 11 —
USP Endotoxin RS
USP Insulin RS
USP Insulin (Beef) RS
USP Insulin (Pork) RS

Identification—The retention time of the insulin peak in the chromatogram of the Assay
preparation corresponds to the retention time of the appropriate species in the chromatogram
of the Identification preparation, as obtained in the Assay. [Note—It may be necessary to
inject a mixture of Assay preparation and Identification preparation.]

Bacterial endotoxins 85 —It contains not more than 80 USP Endotoxin Units for each 100
USP Insulin Units.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

pH 791 : between 7.0 and 7.8, determined potentiometrically.

Particulate matter 788 : meets the requirements for small-volume injections.

Zinc content 591 : between 10 and 40 µg for each 100 USP Insulin Units of appropriate
species.

Limit of high molecular weight proteins—

Arginine solution, Mobile phase, System suitability solution, and Chromatographic system—
Proceed as directed in the test for Limit of high molecular weight proteins under Insulin.

Test solution— Quantitatively add 4 µL of 6 N hydrochloric acid per mL of an accurately
measured volume of Injection, and mix.

Procedure— Proceed as directed for Procedure in the test for Limit of high molecular weight
proteins under Insulin. Not more than 2.0% is found.

Other requirements—It meets the requirements under Injections 1 .

Assay—

Mobile phase, Identification preparation, Standard preparation, System suitability solution, and
Chromatographic system— Proceed as directed in the Assay under Insulin.

Note—The Identification preparation, Standard preparation, and Assay preparation may be
stored at room temperature for up to 12 hours or in a refrigerator for up to 48 hours.
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Assay preparation 1 (for Injection labeled as containing 40 USP Insulin Units per mL)—Add 2.5
µL of 9.6 N hydrochloric acid per mL of an accurately measured volume of Injection. Allow the
suspension, if present, to clarify, and mix.

Assay preparation 2 (for Injection labeled as containing 100 USP Insulin Units per mL)—Add 2.5
µL of 9.6 N hydrochloric acid per mL of an accurately measured volume of Injection. Allow the
suspension, if present, to clarify, and mix. [Note—Pooling of several package units may be
necessary to obtain sufficient volume of the test specimen.] Pipet 2 mL of this solution into a
5-mL volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and mix.

Procedure— Separately inject equal volumes (about 20 µL) of the appropriate Assay
preparation, the Identification preparation, and the Standard preparation into the
chromatograph, record the chromatograms, and measure the peak responses for insulin and A-
21 desamido insulin, using the chromatogram of the Identification preparation to identify the
insulin peaks. For Insulin Injection prepared from a single species, calculate the potency, in USP
Insulin Units per mL, of the Injection taken by the formula:

(CD)(SrU / SrS)

in which C is the concentration, in USP Insulin Units per mL, of USP Insulin RS in the Standard
preparation; D is the dilution factor; and SrU and SrS are the sums of the areas of the insulin
and A-21 desamido insulin peaks obtained from the chromatograms of the Assay preparation
and the Standard preparation, respectively. For Injection prepared from a mixture of beef and
pork insulins, calculate the total potency as the sum of the potencies of both beef and pork
insulins, determined as directed above.

BRIEFING

Isophane Insulin Suspension, USP 36 page 3916. The Biologics and Biotechnology
Monographs 1 Expert Committee recommends omission of this monograph for a drug product
that is no longer manufactured and approved for therapeutic use in the United States.

(BIO1: M. Crivellone.)
Correspondence Number—C134383

Comment deadline: November 30, 2013

Delete the following:
Isophane Insulin Suspension

DEFINITION

Isophane Insulin Suspension is a sterile suspension of zinc-insulin crystals and Protamine
Sulfate in buffered Water for Injection, combined in a manner such that the solid phase of the
suspension consists of crystals composed of insulin, protamine, and zinc. The Protamine Sulfate
is prepared from the sperm or from the mature testes of fish belonging to the genus
Oncorhynchus Suckley, or Salmo Linné (Fam. Salmonidae). Its potency, based on the sum of
its insulin and desamido insulin components, is NLT 95.0% and NMT 105.0% of the potency
stated on the label, expressed in USP Insulin Units in each mL.

IDENTIFICATION
•  A. The retention time of the insulin peak in the chromatogram of the Sample solution

2S (USP37)
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corresponds to the retention time of the appropriate species in the chromatogram of the
Identification solution, as obtained in the Assay. [Note—It may be necessary to inject a
mixture of Sample solution A or Sample solution B and Identification solution. ]

ASSAY
•  Procedure

Solution A: Dissolve 28.4 g of anhydrous sodium sulfate in 1000 mL of water. Pipet 2.7 mL
of phosphoric acid into this solution, and adjust, if necessary, with ethanolamine to a pH
of 2.3.

Mobile phase: Acetonitrile and Solution A (26:74). [Note—The acetonitrile is warmed to a

temperature equal to or higher than 20  to avoid precipitation. ]
System suitability solution: Dissolve about 1.5 mg of insulin in 1.0 mL of 0.01 N

hydrochloric acid. Allow to stand at room temperature for NLT 3 days to obtain a solution
containing NLT 5% of A-21 desamido insulin.

Identification solution: Prepare a solution of USP Insulin (Pork) RS and USP Insulin (Beef)
RS in 0.01 N hydrochloric acid containing about 0.6 mg/mL of each.

Standard solution: 1.5 mg/mL of USP Insulin Human RS in 0.01 N hydrochloric acid. [Note
—The Identification solution, Standard solution, and Sample solutions may be stored at
room temperature for up to 12 h or in a refrigerator for up to 48 h. ]

Sample solution A (for Suspension labeled as containing 40 USP Insulin Units/mL): Add 2.5
µL of 9.6 N hydrochloric acid per mL of a volume of Suspension. Allow the suspension to
clarify, and mix.

Sample solution B (for Suspension labeled as containing 100 USP Insulin Units/mL): Add 2.5
µL of 9.6 N hydrochloric acid per mL of a volume of Suspension. Allow the suspension, if
present, to clarify, and mix. [Note—Pooling of several package units may be necessary to
obtain a sufficient volume of the sample. ] Pipet 2 mL of this solution into a 5-mL
volumetric flask, dilute with 0.01 N hydrochloric acid to volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; packing L1

Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL

System suitability 
Samples: System suitability solution and Standard solution
Suitability requirements 

Resolution: NLT 2.0 between the insulin and A-21 desamido insulin peaks, System
suitability solution

Tailing factor: NMT 1.8 for the insulin peak, System suitability solution
Relative standard deviation: NMT 1.6% for replicate injections of the Standard

solution
Analysis 

Samples: Standard solution and Sample solution A or Sample solution B 
From the measured chromatographic responses for insulin and A-21 desamido insulin,
calculate the potency, in USP Insulin Units/mL, of Suspension taken:
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Result = (SrU/SrS) × (C × D)

SrU= sum of the peak areas of insulin and A-21 desamido insulin from the Sample solution
SrS= sum of the peak areas of insulin and A-21 desamido insulin from the Standard solution
C = concentration of USP Insulin Human RS in the Standard solution (USP Insulin

Units/mL)
D = dilution factor

For Suspension prepared from a mixture of beef and pork insulins, calculate the total
potency as the sum of the potencies of both beef and pork insulins, determined as
directed above.

Acceptance criteria: 95.0%–105.0% of the potency stated on the label, expressed in USP
Insulin Units in each mL

OTHER COMPONENTS

•  Zinc Determination 591 : 10–40 µg for each 100 USP Insulin Units

IMPURITIES
•  Limit of High Molecular Weight Proteins

Solution A: 1 mg/mL of l-arginine in water
Mobile phase: Acetonitrile, Solution A, and glacial acetic acid (20:65:15)
Resolution solution: Dissolve 4 mg of insulin containing more than 0.4% high molecular

weight proteins in 1 mL of 0.01 N hydrochloric acid. Store this solution in a refrigerator,
and use within 7 days. [Note—Insulin containing the indicated percentage of high
molecular weight proteins may be prepared by allowing insulin to stand at room
temperature for about 5 days. ]

Sample solution: Quantitatively add 4 µL of 6 N hydrochloric acid per mL of a volume of
Suspension, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 7.8-mm × 30-cm; packing L20
Flow rate: About 0.5 mL/min
Injection volume: 100 µL

System suitability 
Sample: Resolution solution
[Note—The relative retention times for the polymeric insulin complexes, for the covalent

insulin dimer, and for the insulin monomer, with salts eluting after the insulin monomer,
are 13–17, about 17.5, and 18–22 min, respectively. ]

Suitability requirements 
Resolution: NLT 2.0 for the ratio of the height of the covalent insulin dimer peak to the

height of the valley between the covalent insulin dimer peak and the insulin monomer
peak

Analysis 
Sample: Sample solution
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Inject the Sample solution, and measure the peak area responses, disregarding any peaks
having retention times greater than the insulin monomer. 
Calculate the percentage of high molecular weight proteins in the portion of Suspension
taken:

Result = 100SrH/(SrH + rM)

SrH= sum of the peak responses for all peaks having retention times less than that of the
insulin monomer

rM= peak response of the insulin monomer

Acceptance criteria: NMT 3.0% for the insulin monomer

SPECIFIC TESTS
•  Insulin in the Supernatant

Sample solution: Centrifuge 10 mL of the Suspension at 1500 × g for 10 min. Use the
supernatant.

Analysis: Determine the insulin content of the Sample solution by a suitable method.
Acceptance criteria: NMT 1.0 USP Insulin Unit/mL

•  pH 791 : 7.0–7.8, determined potentiometrically

•  Bacterial Endotoxins Test 85 : It contains NMT 80 USP Endotoxin Units/100 USP Insulin
Units.

Change to read:

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

and the Suspension being filtered immediately after it has been put into solution using a
validated suitable solvent.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in the unopened multiple-dose container provided by the

manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.

•  Labeling: Label it to indicate the one or more animal species to which it is related, as
porcine, as bovine, or as a mixture of porcine and bovine. Where it is purified, label it as
such. The Suspension container label states that the Suspension is to be shaken carefully
before use. The label states the potency in USP Insulin Units/mL. Label it to state that it is
to be stored in a refrigerator and that freezing is to be avoided.

•  USP Reference Standards 11
USP Endotoxin RS
USP Insulin (Beef) RS
USP Insulin (Pork) RS

BRIEFING

Insulin Zinc Suspension, USP 36 page 3920. The Biologics and Biotechnology Monographs 1
Expert Committee recommends omission of this monograph for a drug product that is no longer

(RB 1-Jul-2012)

2S (USP37)
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manufactured and approved for therapeutic use in the United States.

(BIO1: M. Crivellone.)    Correspondence Number—C134389

Comment deadline: November 30, 2013

Delete the following:

Insulin Zinc Suspension

Insulin zinc. 
Insulin zinc [[8049-62-5]].

» Insulin Zinc Suspension is a sterile suspension of Insulin in buffered Water
for Injection, modified by the addition of a suitable zinc salt in a manner
such that the solid phase of the suspension consists of a mixture of
crystalline and amorphous insulin in a ratio of approximately 7 parts of
crystals to 3 parts of amorphous material. Its potency, based on the sum of
its insulin and desamido insulin components, is not less than 95.0 percent
and not more than 105.0 percent of the potency stated on the label,
expressed in USP Insulin Units per mL.

Packaging and storage—Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.

Labeling—Label it to indicate the one or more animal species to which it is related, as porcine,
as bovine, or as a mixture of porcine and bovine. Where it is purified, label it as such. The
Suspension container label states that the Suspension is to be shaken carefully before use. The
label states the potency in USP Insulin Units per mL. Label it to state that it is to be stored in a
refrigerator and that freezing is to be avoided.

USP Reference standards 11 —
USP Endotoxin RS
USP Insulin (Beef) RS
USP Insulin (Pork) RS

Identification—It meets the requirements of the Identification test under Insulin Injection.

Bacterial endotoxins 85 —It contains not more than 80 USP Endotoxin Units per 100 USP
Insulin Units.

pH 791 : between 7.0 and 7.8, determined potentiometrically.

Zinc content 591 : between 0.12 mg and 0.25 mg for each 100 USP Insulin Units.

Zinc in the supernatant—Centrifuge a portion of Suspension sufficient for the test, and

determine the zinc content of the clear supernatant as directed under Zinc Determination 

591 : the zinc concentration, in mg per mL, is between 20% and 65% of the zinc
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concentration of the Suspension.

Insulin not extracted by buffered acetone solution—Centrifuge an amount of Suspension
representing 1000 USP Insulin Units, and discard the supernatant. Suspend the residue in 8.4
mL of water, quickly add 16.6 mL of buffered acetone TS, shake or stir vigorously, and
centrifuge within 3 minutes after the addition of the buffered acetone TS. Discard the
supernatant, repeat the treatment with water and buffered acetone TS, centrifuge, and
discard the supernatant. Dissolve the crystalline residue in 5 mL of dilute hydrochloric acid (1 in
100), transfer to a 25-mL flask, and dilute with water to volume. The insulin concentration,
determined by an appropriate method, is between 63% and 77% of the insulin content of an
equal amount of the Suspension.

Limit of high molecular weight proteins—Proceed as directed in the test for Limit of high
molecular weight proteins under Insulin Injection: not more than 1.5% is found.

Other requirements—It meets the requirements in the tests for Sterility and Insulin in the
supernatant under Isophane Insulin Suspension.

Assay—Proceed as directed in the Assay under Insulin Injection.

BRIEFING

Extended Insulin Zinc Suspension, USP 36 page 3921. The Biologics and Biotechnology
Monographs 1 Expert Committee recommends omission of this monogaph for a drug product that
is no longer manufactured and approved for therapeutic use in the United States.

(BIO1: M. Crivellone.)    Correspondence Number—C134390

Comment deadline: November 30, 2013

Delete the following:

Extended Insulin Zinc Suspension

» Extended Insulin Zinc Suspension is a sterile suspension of Insulin in
buffered Water for Injection, modified by the addition of a suitable zinc salt
in a manner such that the solid phase of the suspension is predominantly
crystalline. Its potency, based on the sum of its insulin and desamido insulin
components, is not less than 95.0 percent and not more than 105.0 percent
of the potency stated on the label, expressed in USP Insulin Units per mL.

Packaging and storage—Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.

Labeling—Label it to indicate the one or more animal species to which it is related, as porcine,
as bovine, or as a mixture of porcine and bovine. Where it is purified, label it as such. Its
container label states that the Suspension is to be shaken carefully before use. The label
states the potency in USP Insulin Units per mL. Label it to state that it is to be stored in a
refrigerator and that freezing is to be avoided.

USP Reference standards 11 —

2S (USP37)
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USP Endotoxin RS
USP Insulin (Beef) RS
USP Insulin (Pork) RS

Identification—It meets the requirements of the Identification test under Insulin Injection.

Bacterial endotoxins 85 —It contains not more than 80 USP Endotoxin Units per 100 USP
Insulin Units.

pH 791 : between 7.0 and 7.8, determined potentiometrically.

Insulin not extracted by buffered acetone solution—Proceed as directed under Insulin Zinc
Suspension: the insulin concentration, determined by an appropriate method, is not less than
90% of the insulin content of an equal amount of the Suspension.

Limit of high molecular weight proteins—Proceed as directed in the test for Limit of high
molecular weight proteins under Insulin Injection: not more than 1.5% is found.

Other requirements—It meets the requirements in the tests for Sterility and Insulin in the
supernatant under Isophane Insulin Suspension and for Zinc content and Zinc in the
supernatant under Insulin Zinc Suspension.

Assay—Proceed as directed in the Assay under Insulin Injection.

BRIEFING

Prompt Insulin Zinc Suspension, USP 36 page 3921. The Biologics and Biotechnology
Monographs 1 Expert Committee recommends omission of this monograph for a drug product
that is no longer manufactured and approved for therapeutic use in the United States.

(BIO1: M. Crivellone.)    Correspondence Number—C134391

Comment deadline: November 30, 2013

Delete the following:

Prompt Insulin Zinc Suspension

» Prompt Insulin Zinc Suspension is a sterile suspension of Insulin in
buffered Water for Injection, modified by the addition of a suitable zinc salt
in a manner such that the solid phase of the suspension is amorphous. Its
potency, based on the sum of its insulin and desamido insulin components,
is not less than 95.0 percent and not more than 105.0 percent of the
potency stated on the label, expressed in USP Insulin Units per mL.

Packaging and storage—Preserve in the unopened multiple-dose container provided by the
manufacturer. Do not repackage. Store in a refrigerator, protect from sunlight, and avoid
freezing.

Labeling—Label it to indicate the one or more animal species to which it is related, as porcine,
as bovine, or as a mixture of porcine and bovine. Where it is purified, label it as such. Its
container label states that the Suspension is to be shaken carefully before use. The label
states the potency in USP Insulin Units per mL. Label it to state that it is to be stored in a
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refrigerator and that freezing is to be avoided.

USP Reference standards 11 —
USP Endotoxin RS
USP Insulin (Beef) RS
USP Insulin (Pork) RS

Identification—It meets the requirements of the Identification test under Insulin Injection.

Bacterial endotoxins 85 —It contains not more than 80 USP Endotoxin Units per 100 USP
Insulin Units.

pH 791 : between 7.0 and 7.8, determined potentiometrically.

Insulin not extracted by buffered acetone solution—Centrifuge 15 mL (40-Unit), 8 mL (80-
Unit), or 6 mL (100-Unit) of Suspension, and discard the supernatant. Suspend the residue in
8.4 mL of water, quickly add 16.6 mL of buffered acetone TS, shake or stir vigorously, and
centrifuge within 3 minutes after the addition of the buffered acetone TS. Discard the
supernatant, repeat the treatment with water and buffered acetone TS, centrifuge, and
discard the supernatant: no crystalline residue remains.

Limit of high molecular weight proteins—Proceed as directed in the test for Limit of high
molecular weight proteins under Insulin Injection: not more than 1.5% is found.

Other requirements—It meets the requirements in the tests for Sterility and Insulin in the
supernatant under Isophane Insulin Suspension and for Zinc content and Zinc in the
supernatant under Insulin Zinc Suspension.

Assay—Proceed as directed in the Assay under Insulin Injection.

BRIEFING

Isoflurophate, USP 36 page 3983. It is proposed to omit this monograph for the following
reasons. No drug products formulated with Isoflurophate are currently marketed in the United
States. Drug products containing Isoflurophate are currently not used in veterinary medicine in
the United States.

(SM4: H. Joyce.)    Correspondence Number—Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Isoflurophate
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C6H14FO3P       184.15 

Phosphorofluoridic acid, bis(1-methylethyl) ester. 
Diisopropyl phosphorofluoridate [[55-91-4]].

» Isoflurophate contains not less than 95.0 percent of C6H14FO3P.
[CAUTION—Handle Isoflurophate with exceptional care since it is very toxic.
Wear full-face breathing apparatus and gloves. Open the container only in a
hood.]

Packaging and storage—Preserve in glass, fuse-sealed containers, or in other suitable sealed
containers, in a cool place.

Labeling—Label it to indicate that in the handling of Isoflurophate in open containers, the
eyes, nose, and mouth are to be protected with a suitable mask, and contact with the skin is
to be avoided.

Identification—

A: Under a hood with a good draft place a few drops of Isoflurophate in a small platinum
crucible, quickly add 2 mL of sulfuric acid, and immediately cover the crucible with a small, clear
watch glass. Allow to stand for 10 minutes, then heat on a steam bath for 5 to 10 minutes: the
side of the watch glass exposed to the mixture is visibly etched.

B: Slowly heat under the hood the crucible and contents from Identification test A until copious
white fumes are evolved. Cool, place the crucible in a beaker, and add a sufficient quantity of
water nearly to cover the crucible. After a few minutes remove the crucible from the beaker
with the aid of a glass rod, add 3 mL of nitric acid, and boil for a few minutes. Cool, cautiously
add 6 N ammonium hydroxide with stirring until a slight odor of ammonia persists, then add 1 mL

of nitric acid. Filter the liquid if not clear, warm to about 40 , and add about 10 mL of
ammonium molybdate TS: a yellow precipitate, which is soluble in 6 N ammonium hydroxide, is
formed.

Acidity—

Mixed indicator— Mix 3 volumes of a 1 in 1000 solution of bromocresol green in alcohol and 1
volume of a 1 in 500 solution of methyl red in alcohol.

0.1 N Sodium hydroxide in dehydrated alcohol— Dissolve about 0.4 g of sodium hydroxide in 100
mL of dehydrated alcohol, and when solution is complete, standardize the alcoholic solution as
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follows. Pipet 25.0 mL of 0.1 N hydrochloric acid VS into a suitable container. Dilute with 50 mL
of water, add 2 drops of Mixed indicator, and titrate with the alcoholic sodium hydroxide
solution to the first appearance of a green color. Calculate the normality. [Note—Store in
tightly stoppered bottles.]

Test preparation— Prepare as directed in the Assay, except to draw 1.0 mL instead of 0.5 mL
of Isoflurophate into the bulb.

Procedure— Carefully place the bulb containing the Test preparation in a 250-mL flask
containing 20 mL of dehydrated alcohol. Break the bulb as directed in the Procedure under Ionic
fluorine. Rinse the glass tube with 30 mL of dehydrated alcohol, and titrate immediately with
0.1 N Sodium hydroxide in dehydrated alcohol, using the Mixed indicator, to the appearance of
the first green color. Each mL of 0.1 N Sodium hydroxide in dehydrated alcohol is equivalent to
100.8 µg of hydrogen ion (acidity). The limit is 0.01%.

Ionic fluorine—

Sodium methoxide solution— Dissolve 10 g of sodium methoxide in dehydrated alcohol to make
500 mL, and mix.

Buffer solution— Dissolve 9.55 g of monochloroacetic acid and 2 g of sodium hydroxide in water
to make 100 mL. If necessary, adjust by the addition, of either reagent to obtain a solution
having a pH of 3.0.

Standard fluoride solution— Dissolve 2.2105 g of sodium fluoride in water to make 1000.0 mL.
Each mL is equivalent to 1.00 mg of fluoride ion.

Thorium nitrate solution— Dissolve 9 g of thorium nitrate in water to make 1000.0 mL, and mix.
Standardize as directed under Standard curve.

Standard curve— Into each of four 180-mL beakers pipet 50.0 mL of Sodium methoxide
solution and 0.25, 0.50, 1.0, and 2.0 mL, respectively, of Standard fluoride solution. Treat each
beaker in the same manner, as follows. Add 2 drops of phenolphthalein TS, and render just acid
with 6 N hydrochloric acid. Add 1.0 mL of sodium alizarinsulfonate solution (1 in 2000), and add
6 N hydrochloric acid dropwise until the pink color is discharged. Dilute with water to 100 mL,
and add Buffer solution (approximately 4 mL) until the pH is 3.1. Titrate with Thorium nitrate
solution, while stirring constantly and rapidly, to a permanent pink color. During the titration,
maintain the solution at a pH between 2.9 and 3.1 by adding small volumes of Buffer solution, if
necessary, but not more than a total of 10 mL. Plot the mg of fluoride ion versus the mL of
Thorium nitrate solution consumed.

Test preparation— Prepare as directed in the Assay, except to draw 1.0 mL instead of 0.5 mL
of Isoflurophate into the bulb.

Procedure— Place 50.0 mL of Sodium methoxide solution in a 180-mL beaker, and add 2 drops
of phenolphthalein TS. Acidify, dropwise, with 6 N hydrochloric acid. Add 1.0 mL of sodium
alizarinsulfonate solution (1 in 2000), then add 6 N hydrochloric acid dropwise until the pink
color disappears. Add 0.5 N sodium hydroxide until a faint pink color appears, then add 0.05 N
hydrochloric acid until the pink color just disappears. Add 4 mL of the Buffer solution. Carefully
place the Test preparation in the beaker with the stem of the bulb inserted in a suitable length
of glass tubing. Break the bulb by pressing down on the glass tubing, making sure that the bulb
is beneath the surface of the liquid and that the bottom of the beaker is properly supported so
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that it will not break when the bulb is broken. Wash down the glass tube with water, and dilute
with water to 100 mL. Titrate immediately with the Thorium nitrate solution. Determine the mg
of ionic fluorine present in the Test preparation directly from the thorium nitrate
standardization curve. Not more than 0.15% of ionic fluorine is found.

Assay—

Solvent— Use dry carbon disulfide, chromatographic grade.

Internal standard solution— Pipet 1.0 mL of chromatographic grade cyclohexanone into a 100-
mL volumetric flask, dilute with Solvent to volume, and mix. Pipet 3.0 mL of the resulting
solution into a 100-mL volumetric flask, dilute with Solvent to volume, and mix. Each mL of the
Internal standard solution contains 0.30 µL of cyclohexanone.

Standard preparation— Dissolve a suitable quantity of Isoflurophate, previously subjected to
the Assay, in peanut oil, and dilute quantitatively and stepwise with peanut oil to obtain a
solution having a known concentration of about 0.8 mg of isoflurophate per g of solution.
Transfer about 1.2 g of this Isoflurophate solution in peanut oil, accurately weighed, to a 10-
mL volumetric flask, pipet 1.0 mL of Internal standard solution into the flask, dilute with Solvent
to volume, and mix.

Assay preparation— Tare an unsealed, thin-walled glass bulb with a thin, long stem, having a
capacity of 1 to 2 mL. Under a hood, open the Isoflurophate container and place it in a firmly
based container in a suitable vacuum-filtration flask. Insert the stem of the bulb under the
surface of the liquid, and insert the stopper in the filtration flask. Allow about 0.5 mL of liquid to
be drawn up into the bulb, and release the vacuum. Remove the bulb from the container, wipe
the stem clean, fire-seal it without loss of any glass, cool, and again weigh.

Place the glass bulb in a 125-mL conical flask, add about 70 mL of Solvent, and break the bulb
with the aid of a glass rod by pressing down on the glass tubing over the neck of the bulb.
Take care to assure that the bulb is beneath the surface of the liquid in the flask and that the
bottom of the flask is properly supported so that it will not break when the bulb is broken.
Remove the rod, transfer the solution to a 100-mL volumetric flask, dilute with Solvent to
volume, and mix (Solution A). Pipet 2.0 mL of Solution A into a 10-mL volumetric flask, dilute
with Solvent to volume, and mix (Solution B). Pipet 1.0 mL of Solution B into another 10-mL
volumetric flask, pipet 1.0 mL of Internal standard solution into the flask, dilute with Solvent to
volume, and mix.

Chromatographic system (see Chromatography 621 )—Under typical conditions, the gas
chromatograph is equipped with a flame-ionization detector, and contains a 1.8-m × 4-mm
glass column packed with 5% phase G33 on 80- to 100-mesh support S1AB, utilizing either a
glass-lined sample introduction system or on-column injection. The column is maintained

isothermally at a temperature between 75  and 80 , and the injector port and detector block

are maintained at 200  and 250 , respectively; dry, oxygen-free helium is used as the carrier
gas at a flow rate adjusted to obtain a cyclohexanone peak about 6 minutes after sample
introduction.

Procedure— Inject 6 µL of the Standard preparation into a suitable gas chromatograph, and
record the chromatogram. Measure the areas under the first (cyclohexanone) and second
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(isoflurophate) peaks, and record the values as AD and AS, respectively. Calculate the factor F
taken by the formula:

(AD / AS)(WS / 10)(C / 1000)

in which WS is the weight, in mg, of Isoflurophate solution in peanut oil in the Standard
preparation, and C is the weight, in mg, of isoflurophate per g of Isoflurophate solution in
peanut oil. Similarly inject 6 µL of the Assay preparation, and record the chromatogram.
Measure the areas under the first (cyclohexanone) and second (isoflurophate) peaks, and
record the values as aD and aU, respectively. Calculate the percentage of C6H14FO3P in the
portion of Isoflurophate taken by the formula:

(F)(aU / aD)(100 / WU)(5000)

in which WU is the weight, in mg, of Isoflurophate in the Assay preparation; and F is the factor
as determined above.

BRIEFING

Isoflurophate Ophthalmic Ointment, USP 36 page 3985. It is proposed to omit this
monograph for the following reasons. No drug products formulated as defined under
Isoflurophate Ophthalmic Ointment are currently marketed in the United States. The drug
product is currently not used in veterinary medicine in the United States.

(SM4: H. Joyce.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Isoflurophate Ophthalmic Ointment

» Isoflurophate Ophthalmic Ointment contains not less than 0.0225 percent
and not more than 0.0275 percent of C6H14FO3P, in a suitable anhydrous
ointment base. It is sterile.

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

Labeling—Label it to indicate the expiration date, which is not later than 2 years after date of
manufacture.

Identification—Place about 100 mg of Ointment in one eye of each of 3 rabbits, and examine
the eyes 18 to 20 hours later: the average diameter of the pupils of the treated eyes is not
less than 2 mm smaller than the average diameter of the pupils of the untreated eyes.

Irritation—The conjunctivas of the eyes treated as directed in the Identification test, as
compared with those of the untreated eyes, after 1 hour, show not more than a slight
reddening, which practically disappears in 4 hours.

Sterility 71 : meets the requirements.

Minimum fill 755 : meets the requirements.

Water, Method I 921 —Dissolve about 10 g, accurately weighed, in a mixture of 25 mL each
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of methanol and toluene. Not more than 0.03% is found.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay—

Solvent , Internal standard solution, Standard preparation, and Chromatographic system—
Prepare as directed in the Assay under Isoflurophate.

Assay preparation— Transfer about 3.5 g of Ophthalmic Ointment, accurately weighed, to a
50-mL centrifuge tube. Add 9 mL of Solvent and 1.0 mL of Internal standard solution, shake,
and centrifuge. The bottom layer is the Assay preparation.

Procedure— Proceed as directed for Procedure in the Assay under Isoflurophate.

BRIEFING

Lansoprazole Compounded Oral Suspension. Because there is no existing USP monograph
for this dosage form, a new monograph is being proposed. The liquid chromatographic
procedure in the Assay is based on an analysis validated using the Zorbax SB C18 brand of
L1 column. The typical retention time for lansoprazole is about 5.2 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129744

Comment deadline: November 30, 2013

Add the following:
Lansoprazole Compounded Oral Suspension

DEFINITION

Lansoprazole Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled
amount of lansoprazole (C16H14F3N3O2S). Prepare Lansoprazole Compounded Oral Suspension 3

mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations 795 ).

Lansoprazole delayed-release capsule(s)a equivalent to
300
mg

Vehicle: A mixture of Ora-Blendb and Sodium Bicarbonate Injection (8.4%) (1:1), a
sufficient quantity to make

100
mL

a  Lansoprazole 30-mg delayed-release capsules, Dr. Reddy's Laboratory Limited, Bridgewater,
NJ.
b  Perrigo Pharmaceuticals, Allegan, MI.

Empty the required number of delayed-release capsules, and pour the contents into a mortar or
other suitable container. If necessary, crush the contents into a fine powder by using a pestle
or other mechanical means. Wet the powder with a small amount of Vehicle, and triturate to
make a smooth paste. Add Vehicle to make the mortar contents pourable. Transfer the
contents stepwise and quantitatively to a calibrated container using the remainder of Vehicle.
Add sufficient Vehicle to bring to final volume. Shake to mix well. 
Alternatively, a compounded 8.4% sodium bicarbonate solution may be used instead of Sodium
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Bicarbonate Injection (8.4%). Prepare an 8.4% sodium bicarbonate solution by dissolving 8.4 g
of Sodium Bicarbonate in sufficient Purified Water to make 100 mL.

ASSAY
•  Procedure

Solution A:  10 mM sodium phosphate adjusted with sodium hydroxide to a pH of 7.5. Pass
through a nylon filter of 0.45-µm pore size, and degas.

Solution B:  Acetonitrile and water (50:50)
Solution C:  Water adjusted with 1 M sodium hydroxide to a pH of 6.5
Mobile phase:  Acetonitrile and Solution A (45:55)
Standard stock solution:  3 mg/mL of USP Lansoprazole RS in Solution B. Mix well, and

sonicate for 3 min. Store at 2 –8 .
Standard solution:  Transfer 2.0 mL of the Standard stock solution to a 500-mL volumetric

flask, and dilute with Solution C to volume. Centrifuge an aliquot of the solution for 5 min

at 14,000 rpm, and use the supernatant. Protect from light, and store at 2 –8 .
Sample solution:  Shake each bottle of Oral Suspension thoroughly. Transfer 2.0 mL of Oral

Suspension to a 500-mL volumetric flask, and dilute with Solution C to volume. Centrifuge
an aliquot of the solution for 5 min at 14,000 rpm, and use the supernatant. Protect from

light, and store at 2 –8 .
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 285 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Temperatures 

Column:  35

Autosampler:  5
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for lansoprazole is about 5.2 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lansoprazole (C16H14F3N3O2S) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of lansoprazole from the Sample solution
rS= peak response of lansoprazole from the Standard solution
CS= concentration of lansoprazole in the Standard solution (mg/mL)
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CU= nominal concentration of lansoprazole in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 8.0–8.5

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label Oral Suspension to indicate that it is to be well shaken before use, and to
state the Beyond-Use Date.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded, when stored

at 2 –8  or at controlled room temperature

•  USP Reference Standards 11
USP Lansoprazole RS 

BRIEFING

Levobunolol Hydrochloride, USP 36 page 4090. As part of the USP monograph modernization
effort, it is proposed to make following changes:

1. The UV-based Identification test B is replaced with the HPLC retention time agreement
based on the Assay.

2. Identification test C is added in order to confirm the presence of hydrochloride salt.
3. The test for Organic Impurities is adopted from the current monograph for Levobunolol

Hydrochloride in the British Pharmacopoeia. The liquid chromatographic procedure for
Organic Impurities is based on analyses performed with the Lichrosorb RP 8 brand of
L7 column. The typical retention time for levobunolol is 6 min.

4. The Assay procedure is revised from the current monograph for Levobunolol
Hydrochloride to the procedure in the British Pharmacopoeia to be efficient
operationally as the British Pharmacopoeia uses the same procedure for the Assay
and Organic Impurities. The liquid chromatographic procedure for the Assay is based
on analyses performed with the Lichrosorb RP 8 brand of L7 column. The typical
retention time for levobunolol is 6 min.

5. The limits in the Definition and Assay have been changed from “NLT 98.5% and NMT
101.0%” to “NLT 98.0% and NMT 102.0%,” which is typical for chromatographic
procedures.

6. The test for Melting Range or Temperature is deleted as the selective HPLC test for
Organic Impurities is sufficient to monitor impurities.

7. Storage conditions are elaborated to include protection from light and controlled room
temperature.

8. USP Atenolol RS is added in the USP Reference Standards section to support the
proposed revision for the Assay and Organic Impurities.

(SM3: R. Prasad, F. Mao.)
Correspondence Number—C126908
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Comment deadline: November 30, 2013
Levobunolol Hydrochloride

C17H25NO3·HCl       327.85 

1(2H)-Naphthalenone, 5-[3-[(1,1-dimethylethyl)amino]-2-hydroxypropoxy]-3,4-dihydro-,
hydrochloride, (–)-(S);     

( )-5-[3-(tert-Butylamino)-2-hydroxypropoxy]-3,4-dihydro-1(2H)-naphthalenone
hydrochloride     [27912-14-7].

DEFINITION

Change to read:
•  Levobunolol Hydrochloride contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of levobunolol hydrochloride (C17H25NO3·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  10 µg/mL in alcohol
Acceptance criteria:   Meets the requirements

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

Add the following:

•  C. Identification Tests—General, Chloride 191 : Meets the requirements 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Dissolve 990 mg of sodium 1-heptanesulfonate in 890 mL of water, add 10
mL of glacial acetic acid and 1100 mL of methanol, pass through a suitable filter having
1-µm or finer pore size.

Standard solution:  1.0 mg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution:  1.0 mg/mL of Levobunolol Hydrochloride in Mobile phase
Chromatographic system  
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(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates
Capacity factor, k':  1.0–1.4
Tailing factor:  NMT 2.5
Relative standard deviation:  NMT 0.5%

Solution A:  5 mM sodium 1-heptanesulfonate in methanol
Solution B:  5 mM sodium 1-heptanesulfonate in water
Mobile phase:  Solution A, 0.5 M sulfuric acid, and Solution B (53:1:47)
Standard solution:  100 µg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution:  100 µg/mL of Levobunolol Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 223 nm
Column:  3.9 mm × 25 cm; 10-µm packing L7
Flow rate:  1 ml/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of levobunolol hydrochloride (C17H25NO3·HCl) in the portion of
Levobunolol Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Levobunolol Hydrochloride in the Sample solution (µg/mL)

Acceptance criteria:  98.5%–101.0%
98.0%–102.0%

on the dried basis
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IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Add the following:
•  Organic Impurities

Solution A, Solution B, and Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  50 µg/mL each of USP Levobunolol Hydrochloride RS and USP

Atenolol RS in Mobile phase
Standard solution:  5 µg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution:  1 mg/mL of Levobunolol Hydrochloride in Mobile phase
Chromatographic system:  Proceed as directed in the Assay using Mobile phase.

Run time:  3 times the retention time of levobunolol
System suitability 

Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 8
Analysis 

Samples:  Standard solution and Sample solution.

Calculate the percentage of each impurity in the portion of Levobunolol Hydrochloride
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of levobunolol from the Standard solution
CS= concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Levobunolol Hydrochloride in the Sample solution (µg/mL)

Acceptance criteria 
Individual impurity:  NMT 0.5%
Total impurities:  NMT 1%

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 206 –211 , within a range of 3 , determined after
drying 

•  Optical Rotation, Specific Rotation 781S
Sample solution:  30 mg/mL in methanol

Acceptance criteria:  19  to 20

•  pH 791
Sample:  50 mg/mL
Acceptance criteria:  4.5–6.5

•  Loss on Drying 731
Sample:  1 g
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Analysis:  Dry under vacuum over phosphorus pentoxide at 110  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Protect from light. Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11

USP Atenolol RS 

USP Levobunolol Hydrochloride RS 

BRIEFING

Levobunolol Hydrochloride Ophthalmic Solution, USP 36 page 4091. As part of the USP
monograph modernization effort, it is proposed to make following changes:

1. The test for Organic Impurities is adopted from the current monograph for Levobunolol
eye drops in the British Pharmacopoeia. The liquid chromatographic procedure for
Organic Impurities is based on analyses performed with the µBondapak C18 brand of
L1 column. The typical retention time for levobunolol is 3.5 min.

2. The Assay procedure is revised from the current monograph for Levobunolol eye drops
to the procedure in the British Pharmacopoeia to be efficient operationally as the
British Pharmacopoeia uses the same procedure for the Assay and Organic
Impurities. The liquid chromatographic procedure for the Assay is based on analyses
performed with the µBondapak C18 brand of L1 column. The typical retention time for
levobunolol is 3.5 min.

3. Storage conditions are elaborated to include protection from light and controlled room
temperature.

4. USP Edetate Disodium RS is added in the USP Reference Standards section to support
the proposed revision for the Assay and Organic Impurities.

(SM3: R. Prasad, F. Mao.)
Correspondence Number—C126909

Comment deadline: November 30, 2013
Levobunolol Hydrochloride Ophthalmic Solution

DEFINITION

Levobunolol Hydrochloride Ophthalmic Solution contains NLT 90.0% and NMT 110.0% of the
labeled amount of levobunolol hydrochloride (C17H25NO3·HCl).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

major peak of the Standard solution, as obtained in the Assay.
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ASSAY

Change to read:
•  Procedure

Mobile phase:  Dissolve 990 mg of sodium 1-heptanesulfonate in 890 mL of water, add 10
mL of glacial acetic acid, and 1100 mL of methanol, and pass through a suitable filter
having 1-µm or finer pore size

Standard solution:  0.1 mg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution:  nominally equivalent to 0.1 mg/mL of levobunolol hydrochloride in Mobile

phase form Ophthalmic solution
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  30 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor, k¢¢ :  1.0–1.4
Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2.6
Relative standard deviation:  NMT 1.5%

Solution A:  5 mM sodium 1-heptanesulfonate in water
Mobile phase:  Methanol, glacial acetic acid, and Solution A (550:5:450)
Standard solution:  50 µg/mL of USP Levobunolol Hydrochloride RS in Mobile phase
Sample solution:  Nominally equivalent to 50 µg/mL of levobunolol hydrochloride in

Mobile phase from Ophthalmic Solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9 mm × 30 cm; 10-µm packing L1
Flow rate:  1.5 mL
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.2
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levobunolol hydochloride (C17H25NO3·HCl) in
the portion of Ophthalmic Solution taken:
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Result = (rU/rS) × CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levobunolol Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of levobunolol hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

IMPURITIES

Add the following:
•  Organic Impurities

Mobile phase:  Proceed as directed in the Assay.
Standard solution:  10 µg/mL each of USP Levobunolol Hydrochloride RS and USP Edetate

Disodium RS in Mobile phase
Sample solution:  Nominally equivalent to 1 mg/mL of levobunolol hydrochloride in Mobile

phase from Ophthalmic Solution
Chromatographic system and System suitability:  Proceed as directed in the Assay

using wavelengths of UV 254 nm and 400 nm.
[Note—The relative retention times for levobunolol and edetate disodium are 1.0 and 0.46,

respectively.]
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity at 254 nm in the portion of Ophthalmic
Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of levobunolol from the Standard solution
CS= concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of levobunolol hydrochloride in the Sample solution (µg/mL)

Calculate the percentage of any impurity at the retention time of levobunolol (obtained
using the detector at 254 nm) using the detector at 400 nm in the portion of Ophthalmic
Solution taken:

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

rU= peak response of the impurity from the Sample solution at 400 nm
rS= peak response of levobunolol from the Standard solution at 254 nm
CS= concentration of USP Levobunolol Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of levobunolol hydrochloride in the Sample solution (µg/mL)
F= relative response factor for the impurity, 0.2

Acceptance criteria 
Individual impurity:  NMT 1%
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Total impurities:  NMT 2.5%. Disregard any peak obtained with the detector at 254 nm
with the retention time of edetate disodium.

SPECIFIC TESTS

•  Antimicrobial Effectiveness Testing 51 : Meets the requirements

•  Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration.

•  pH 791 : 5.5–7.5

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Protect from light. Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Edetate Disodium RS  

USP Levobunolol Hydrochloride RS 

BRIEFING

Levofloxacin Injection. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedure in the Assay is based on analyses performed with the Inertsil
ODS 3V brand of L1 column. The typical retention time for levofloxacin is about 3.0 min. The
liquid chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Eclipse XDB brand of L1 column. The typical retention time for
levofloxacin is about 13 min.

(SM1: C. Li, B. Davani.)
Correspondence Number—C120187

Comment deadline: November 30, 2013

Add the following:
Levofloxacin Injection

DEFINITION

Levofloxacin Injection is a solution of Levofloxacin in Water for injection. It contains NLT 95.0%
and NMT 110.0% of the labeled amount of levofloxacin (C18H20FN3O4).

IDENTIFICATION

•  A. Ultraviolet Absorption 197U
Sample solution:  Nominally 5 µg/mL in 0.01 M hydrochloric acid
Acceptance criteria:  Meets the requirements

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer solution:  11.5 g/L of citric acid and 7.7 g/L of ammonium acetate in water
Mobile phase:  Methanol and Buffer solution (50:50)
Standard stock solution:  1 mg/mL of USP Levofloxacin RS in 0.1 M hydrochloric acid
Standard solution:  0.1 mg/mL of USP Levofloxacin RS obtained by diluting Standard stock

solution with water
Sample stock solution:  Nominally 1 mg/mL of levofloxacin in 0.1 M hydrochloric acid
Sample solution:  Nominally 0.1 mg/mL of levofloxacin obtained by diluting Sample stock

solution with water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 293 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  0.8 mL/min
Injection volume:  5 µL
Run time:  2 times the retention time of levofloxacin

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Tailing factor:  NMT 2.0

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of levofloxacin (C18H20FN3O4) in the
portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (mg/mL)
CU= nominal concentration of levofloxacin in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer solution:  10 mL/L of triethylamine in water, adjusted with phosphoric acid to a pH
of 6.3

Mobile phase:  Methanol, acetonitrile, and Buffer solution (15:10:75)
Sensitivity solution:  0.1 µg/mL each of USP Levofloxacin RS, USP Levofloxacin Related

Compound A RS, and USP Levofloxacin Related Compound B RS in Mobile phase
Standard solution:  1 µg/mL of USP Levofloxacin RS in Mobile phase
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Sample solution:  Nominally 100 µg/mL of levofloxacin in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  0.8 mL/min
Injection volume:  20 µL
Run time:  At least 15 min after the levofloxacin related compound B peak, Sensitivity

solution
System suitability 

Samples:  Sensitivity solution and Standard solution
Suitability requirements 

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

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

rU= peak response of any individual impurity from the Sample solution
rS= peak response of levofloxacin from the Standard solution
CS= concentration of USP Levofloxacin RS in the Standard solution (µg/mL)
CU= nominal concentration of levofloxacin in the Sample solution (µg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1. Disregard any impurity peak less than 0.05%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Levofloxacin related compound A 0.27 0.85 0.1

Levofloxacin descarboxy analoguea 0.42 1.1 0.10

Levofloxacin desfluoro analogueb 0.63 0.90 0.10
Levofloxacin 1.0 — —
Levofloxacin related compound B 3.04 1.9 0.10
Any other individual impurity — 1.0 0.2
Total impurities — — 1.0

a  (S)-9-Fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-
pyrido[1,2,3-de][1,4]benzoxazine.

b  (S)-2,3-Dihydro-3-methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.

SPECIFIC TESTS
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•  Bacterial Endotoxins 85 : Contains NMT 0.5 USP Endotoxin Unit/mg of levofloxacin

•  Sterility Tests 71 : Meets the requirements

•  pH 791 : 3.8–5.8

•  Particulate Matter in Injections 788 : Meets the requirements

•  Osmolality and Osmolarity 785 : NMT 110 mOsmol/kg

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose containers. Store at controlled room

temperature, and protect from light.
•  Labeling: Label it to indicate that the Injection is for intravenous use. Label it to indicate

whether it is to be diluted before intravenous infusion.

•  USP Reference Standards 11
USP Levofloxacin RS 
USP Levofloxacin Related Compound A RS  

(S)-9-Fluoro-2,3-dihydro-3-methyl-10-(piperazin-1-yl)-7-oxo-7H-pyrido[1,2,3-de]
[1,4]benzoxazine-6-carboxylic acid.     
C17H18FN3O4       347.34

USP Levofloxacin Related Compound B RS  
(S)-9,10-Difluoro-3-methyl-7-oxo-2,3-dihydro-7H-pyrido[1,2,3-de][1,4]benzoxazine-6-
carboxylic acid.     
C13H9F2NO4       281.21

BRIEFING

Mexiletine Hydrochloride, USP 36 page 4359. It is proposed to replace Identification test B,
based on thin-layer chromatography, with a test based on retention time agreement as
obtained in the Assay. Changes in format are also proposed to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C133987

Comment deadline: November 30, 2013
Mexiletine Hydrochloride

C11H17NO·HCl       215.72 

2S (USP37)
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2-Propanamine, 1-(2,6-dimethylphenoxy)-, hydrochloride, (±)-;      
(±)-1-Methyl-2-(2,6-xylyloxy)ethylamine hydrochloride     [5370-01-04].

DEFINITION

Mexiletine Hydrochloride contains NLT 98.0% and NMT 102.0% of mexiletine hydrochloride
(C11H17NO·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:
•  B. Thin-Layer Chromatography

Standard solution:  10 mg/mL of USP Mexiletine Hydrochloride RS in methanol
Sample solution:  10 mg/mL in methanol
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  5 µL
Developing solvent system:  Chloroform, methanol, and ammonium hydroxide

(425:70:5)
Spray reagent A:  2 mg/mL of fast blue BB salt in methanol
Spray reagent B:  200 mg/mL of potassium hydroxide in methanol

Analysis 
Samples:  Standard solution and Sample solution

Develop the chromatogram in a suitable chromatographic chamber half saturated with
solvent vapor, using the Developing solvent system until the solvent front has moved
about three-fourths of the length of the plate. Spray the plate with Spray reagent A,

and dry the plate at 105  for 15 min. Locate the spots on the plate by spraying it with
Spray reagent B.

Acceptance criteria:  The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

•  C.
Sample solution:  3 mL of a solution (1 in 60)
Analysis:   Add 1 mL of 6 N ammonium hydroxide to the Sample solution, filter, and acidify

the filtrate with 2 mL of nitric acid. Then add 1 mL of silver nitrate TS.
Acceptance criteria:  A curdy, white precipitate is formed, and it is soluble in an excess of

6 N ammonium hydroxide (presence of chloride).

ASSAY
•  Procedure

Buffer:  Dissolve 11.5 g of anhydrous sodium acetate in 500 mL of water. Add 3.2 mL of
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glacial acetic acid, mix, and allow to cool. Adjust with hydrochloric acid to a pH of 4.8 ±
0.1, and dilute with water to 1000 mL.

Mobile phase:  Methanol and Buffer (600:400)
Standard solution:  2 mg/mL of USP Mexiletine Hydrochloride RS in Mobile phase
System suitability solution:  1 mg/mL of 2-phenylethylamine hydrochloride in Standard

solution
Sample solution:  2 mg/mL of Mexiletine Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Columns 

Guard:  packing L1
Analytical:  3.9-mm × 30-cm; 10-µm packing L1

Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for 2-phenylethylamine and mexiletine are 0.7 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the 2-phenylethylamine and mexiletine peaks, System
suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of mexiletine hydrochloride (C11H17NO·HCl) in the portion of
Mexiletine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of mexiletine from the Sample solution
rS= peak area of mexiletine from the Standard solution
CS= concentration of USP Mexiletine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Mexiletine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Organic Impurities

Mobile phase, System suitability solution, and Chromatographic system:  Proceed as
directed in the Assay.

Standard solution:  0.2 mg/mL of USP Mexiletine Hydrochloride RS in Mobile phase, from
the Standard solution in the Assay
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Sample solution:  20 mg/mL of Mexiletine Hydrochloride in Mobile phase
System suitability 

Samples:  System suitability solution and Standard solution
[Note—The relative retention times for 2-phenylethylamine and mexiletine are 0.7 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the 2-phenylethylamine and mexiletine peaks, System
suitability solution

Relative standard deviation:  NMT 3.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of mexiletine hydrochloride
(C11H17NO·HCl) taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of each impurity from the Sample solution
rS= peak area of mexiletine from the Standard solution
CS= concentration of USP Mexiletine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Mexiletine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria 
Any individual impurity:  NMT 1%
Total impurities:  NMT 1.5%

SPECIFIC TESTS

•  pH 791
Sample solution:  100 mg/mL
Acceptance criteria:  3.5–5.5

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Mexiletine Hydrochloride RS

BRIEFING

Moricizine Hydrochloride, USP 36 page 4405. It is proposed to revise the monograph as
follows:

1. Delete Identification test B and Identification test C.
2. Introduce new Identification test B based on the retention time agreement in

accordance with the Assay.
3. Introduce a general identification test, new Identification test C, for the counter ion.
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4. Include monograph format changes to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C133988

Comment deadline: November 30, 2013
Moricizine Hydrochloride

Change to read:

C22H25N3O4S·HCl       463.98 

Carbamic acid, [10-[3-(4-morpholinyl)-1
l

-oxopropyl]-10H-phenothiazin-2yl]-, ethyl ester, hydrochloride;     
Ethyl 10-(3-morpholinopropionyl)phenothiazine-2-carbamate, hydrochloride     [29560-58-8
5

].

DEFINITION

Moricizine Hydrochloride contains NLT 98.0% and NMT 102.0% of moricizine hydrochloride
(C22H25N3O4S·HCl), calculated on the anhydrous and alcohol-free basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Sample solution: 8 µg/mL in methanol

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Delete the following:
•  C. Thin-Layer Chromatography 

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 20 mg/mL of USP Moricizine Hydrochloride RS in methanol
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Sample solution: 20 mg/mL of moricizine hydrochloride in methanol
Spray reagent: Add 20 mL of 10% ferric chloride solution to 200 mg of potassium

ferricyanide dissolved in 20 mL of water. [Note—Use a freshly prepared solution. ]
Application volume: 5 µL
Developing solvent system: Chloroform, methanol, and diethylamine (91:7:2)
Analysis 

Samples: Standard solution and Sample solution

Place the plate in a chamber lined with filter paper saturated with Developing solvent
system. Develop, protected from light, until the solvent front has moved three-fourths of
the length of the plate.

Acceptance criteria: The RF value of the blue spot from the Sample solution corresponds
to that from the Standard solution.

Add the following:

•  C. Identification Tests–General, Chloride 191 : Meets the requirements 

ASSAY
•  Procedure: Use low-actinic glassware. Protect the solutions containing moricizine

hydrochloride from light.
Mobile phase:  A mixture of acetonitrile, triethylamine, glacial acetic acid, and water

(420:1:20:580) containing 5 mM sodium 1-octane sulfonate
Diluent:  Acetonitrile and 0.02 N hydrochloric acid (42:58)
Internal standard solution:  5 mg/mL of butamben in Diluent
Standard solution:  1 mg/mL of USP Moricizine Hydrochloride RS in Diluent prepared as

follows. Transfer a suitable amount of USP Moricizine Hydrochloride RS to a suitable
volumetric flask, add Internal standard solution to fill about 20% of the total volume, and
dilute with Diluent to volume.

Sample solution:  1 mg/mL of Moricizine Hydrochloride prepared as follows. To a suitable
amount of Moricizine Hydrochloride in a 50-mL volumetric flask add Internal standard
solution to fill about 20% of the total volume, and dilute with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L7

Column temperature:  35
Flow rate:  2.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for moricizine, butamben, the reverse Mannich

product, and the amide hydrolysis product are about 0.6, 1.0, 1.7, and 2.0,
respectively.]

Suitability requirements 
Resolution:  NLT 2 between moricizine and butamben
Relative standard deviation:  NMT 2.0%
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of moricizine hydrochloride (C22H25N3O4S·HCl) in the portion of
Moricizine Hydrochloride taken:

Result = (RU/RS) × (CS/CU) × 100

RU= ratio of the moricizine peak area response to the butamben peak area response from
the Sample solution

RS= ratio of the moricizine peak area response to the butamben peak area response from
the Standard solution

CS= concentration of USP Moricizine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Moricizine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous and alcohol-free basis

OTHER COMPONENTS
•  Content of Chloride

Sample solution:  Transfer 400 mg of Moricizine Hydrochloride to conical flask and add 75
mL of methanol. Swirl to dissolve. Add 5 mL of glacial acetic acid and 3 drops of eosin Y
TS.

Analysis:  Titrate the Sample solution with 0.1 N silver nitrate VS to a pink endpoint. Each
mL of 0.1 N silver nitrate is equivalent to 3.546 mg of chloride.

Acceptance criteria:  7.49%–7.80% on the anhydrous and alcohol-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 µg/g
•  Organic Impurities

Mobile phase:  A mixture of acetonitrile, triethylamine, and water (420:1:580) containing 5
mM sodium 1-octane sulfonate. Adjust with glacial acetic acid to a pH of 4.2.

Diluent:  Acetonitrile and 0.02 N hydrochloric acid (42:58)
Internal standard solution:  0.1 mg/mL of butamben in Diluent
Standard stock solution:  0.10 mg/mL of USP Moricizine Hydrochloride RS in Diluent
Standard solution:  2.0 µg/mL of USP Moricizine Hydrochloride RS prepared as follows.

Transfer a suitable volume of Standard stock solution to a suitable volumetric flask, add
Internal standard solution to fill 5% of the total volume, and dilute with Diluent to volume.
[Note—Protect the solution from light.]

Sample solution:  1 mg/mL of Moricizine Hydrochloride in Diluent prepared as follows.
Transfer a suitable amount of Moricizine Hydrochloride to a suitable volumetric flask, add
Internal standard solution to fill 5% of the total volume, and dilute with Diluent to volume.
[Note—Protect the solution from light.]

Chromatographic system:  Proceed as directed in the Assay except for the following:
Run time:  Five times the elution time of moricizine
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
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[Note—The relative retention times for moricizine and butamben are about 0.6 and 1.0,
respectively.]

Suitability requirements 
Resolution:  NLT 2 between moricizine and butamben
Relative standard deviation:  NMT 5%

Analysis 
Samples:  Standard solution and Sample solution

Measure the responses for all the peaks except the solvent peak. 
Calculate the percentage of each impurity in the portion of Moricizine Hydrochloride taken:

Result = (RU/RS) × (CS/CU) × 100

RU= ratio of the peak area response of each impurity to the butamben peak area response
from the Sample solution

RS= ratio of the peak area response of moricizine to the peak area response of butamben
peak from the Standard solution

CS= concentration of USP Moricizine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  Disregard any impurity of less than 0.1%.
Any impurity eluting before moricizine:  NMT 0.25%
Any impurity eluting after moricizine:  NMT 0.20%
Total of all impurities:  NMT 1.5%

•  Limit of Alcohol
Standard solution:  0.1184 mg/mL of dehydrated alcohol in water prepared as follows.

Transfer 6.0 mL of dehydrated alcohol to a 100-mL volumetric flask and dilute with water
to volume. Dilute 5.0 mL of this solution in a 100-mL volumetric flask with water to
volume. Further dilute 5.0 mL of this solution in a third 100-mL volumetric flask with water
to volume.

Sample solution:  Transfer 1 g of Moricizine Hydrochloride to a 50-mL glass-stoppered
centrifuge tube, add 19.0 mL of water, and sonicate to dissolve. Transfer 1.0 mL of 3 N
ammonium hydroxide to the tube, insert the stopper, and shake the tube by mechanical
means for 30 min. Centrifuge, draw off a portion of the clear supernatant, and pass
through a suitable filter of 0.5-µm or finer pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  4-mm × 1.8-m glass; supporting S2
Temperatures 

Column:  150

Injector port:  170

Detector block:  170
Carrier gas:  Helium
Flow rate:  50 mL/min
Injection volume:  5 µL
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System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 3%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of alcohol (C2H5OH) in the portion of Moricizine Hydrochloride
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of alcohol from the Sample solution
rS= peak response of alcohol from the Standard solution
CS= concentration of alcohol in the Standard solution (mg/mL)
CU= concentration of Moricizine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  NMT 0.25%

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:   NMT 1.0%

•  Water Determination, Method I 921 : NMT 1.0%
•  Clarity of Solution

Sample solution:  Dissolve 1 g in 30 mL of methanol, sonicating for 5 min if necessary.
Acceptance criteria:  The solution is not less clear than an equal volume of methanol

contained in a similar vessel and examined similarly.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Moricizine Hydrochloride RS 

BRIEFING

Naphazoline Hydrochloride Ophthalmic Solution, USP 36 page 4447. On the basis of
comments received, it is proposed to make the following changes:

1. The Identification test A melting range is replaced with the retention time agreement in
the Assay. The Identification section is strengthened by the addition of a UV
spectroscopy-based Identification test B.

2. The requirement of Column efficiency in the System suitability section of the Assay is
deleted, because the remaining requirements are adequate to evaluate the system
suitability.

3. Additionally, the monograph is updated to be consistent with USP style.

(SM3: F. Mao.)
Correspondence Number—C129171
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Comment deadline: November 30, 2013
Naphazoline Hydrochloride Ophthalmic Solution

DEFINITION

Naphazoline Hydrochloride Ophthalmic Solution is a sterile, buffered solution of Naphazoline
Hydrochloride in water adjusted to a suitable tonicity. It contains NLT 90.0% and NMT 115.0%
of the labeled amount of naphazoline hydrochloride (C14H14N2·HCl). It contains a suitable
preservative.

IDENTIFICATION

Change to read:

•  A. Melting Range or Temperature, Class Ia 741
Analysis:  Place in a separator a volume of Ophthalmic Solution, equivalent to about 25 mg

of naphazoline hydrochloride. Add 5 mL of 1 N sodium hydroxide, saturate with sodium
chloride, and extract with two 25-mL portions of ether. Wash the ether solution with 5
mL of water, pass the ether through a small paper filter, evaporate the filtrate to about 5
mL, transfer the residual solution to a 10- to 15-mL beaker, allow to evaporate

spontaneously, and dry the residue at 80  for 1 h.

Acceptance criteria:  The residue melts at 115 –120 .
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Buffer:  Dissolve 3 g of monobasic potassium phosphate in 1 L of water, and add 3 mL of
triethylamine. Adjust with phosphoric acid to a pH of 3.

Mobile phase:  Acetonitrile and Buffer (20:80)
Standard solution:  0.05 mg/mL of USP Naphazoline Hydrochloride RS in Mobile phase
Sample solution:  Equivalent to 0.05 mg/mL of naphazoline hydrochloride in Mobile phase

from Ophthalmic Solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 285 nm
Column:  4.6-mm × 15-cm; packing L10

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
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Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5000 theoretical plates

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of naphazoline hydrochloride
(C14H14N2·HCl) in the portion of Ophthalmic Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Naphazoline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of naphazoline hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–115.0%

SPECIFIC TESTS

•  pH 791 : 5.5–7.0

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Naphazoline Hydrochloride RS 

BRIEFING

Naproxen Tablets, USP 36 page 4449. On the basis of comments and supporting data
received, the following revisions are proposed:

1. Revise Identification test A based on the retention time agreement for the naproxen
peak in the Assay.

2. Add Identification test B based on the UV spectra as obtained in the proposed Assay
procedure.

3. Replace the Assay procedure with an HPLC procedure that does not require an internal
standard. The proposed liquid chromatographic procedure is based on analysis using
the Luna C8 brand of column containing L7 packing. The typical retention time for
naproxen is about 5 min.

4. Add an Organic Impurities procedure. The proposed liquid chromatographic procedure is
based on analysis using the Luna C8 brand of column containing L7 packing. The
typical retention time for naproxen is about 12.5 min.

5. Add two USP Reference Standards in the USP Reference Standards section to support
the addition of the Organic Impurities procedure.
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PF 39(5): Sep.-Oct. 2013 634



Additionally, editorial changes have been made as part of the USP monograph redesign.

(SM2: H. Cai.)
Correspondence Number—C932028

Comment deadline: November 30, 2013
Naproxen Tablets

DEFINITION

Naproxen Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of naproxen
(C14H14O3).

IDENTIFICATION

Delete the following:
•  A.

Sample solution: Prepare a mixture of the Standard solution and the Sample solution (1:1),
prepared as directed in the Assay

Analysis: Chromatograph as directed in the Assay
Acceptance criteria: The chromatogram so obtained exhibits two main peaks,

corresponding to naproxen and the internal standard

Add the following:
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Add the following:
•  B. The UV absorption spectra of the major peak of the Sample solution and that of the

Standard solution exhibit maxima and minima at the same wavelengths, as obtained in the
Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, glacial acetic acid, and water (50:1:49). [Note—Increased
resolution may be achieved by increasing the proportion of water in the Mobile phase.]

Diluent:  Acetonitrile and water (90:10)
Internal standard solution:  0.5 µL/mL of butyrophenone in acetonitrile
Standard stock solution:  2.5 mg/mL of USP Naproxen RS in Diluent
Standard solution:  25 µg/mL of USP Naproxen RS in Mobile phase from Standard stock

solution prepared as follows. Mix 1.0 mL of the Standard stock solution and 2.0 mL of the
Internal standard solution in a 100-mL volumetric flask, and dilute with Mobile phase to
volume.

Sample solution:  Transfer an amount of powder nominally equivalent to 250 mg of
naproxen, from NLT 20 finely powdered Tablets, to a 100-mL volumetric flask. Add 10 mL
of water, and sonicate for 10 min until the material is completely dispersed. Add about 80
mL of acetonitrile, and sonicate for an additional 5 min. Allow the flask to reach room
temperature, and dilute with acetonitrile to volume. Allow any insoluble matter to settle,
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then transfer 1.0 mL of the clear supernatant to a 100-mL volumetric flask. Add 2.0 mL
of Internal standard solution, and dilute with Mobile phase to volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for naproxen and the internal standard are about 0.6

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 11.5 between the analyte and internal standard peaks when
calculated by the formula:

2×(t2 t1) / [1.699 × (W1h / 2 + W2h / 2)]

Column efficiency:  NLT 4000 theoretical plates for the analyte peak when calculated
by the formula:

5.545×(t / Wh / 2) 2

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of naproxen (C14H14O3) in the portion of Tablets taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of naproxen to the internal standard from the Sample solution
RS= peak response ratio of naproxen to the internal standard from the Standard solution
CS= concentration of USP Naproxen RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen in the Sample solution (mg/mL)

 
Mobile phase:  Acetonitrile, water, and glacial acetic acid (450:540:10)
Standard solution:  0.1 mg/mL of USP Naproxen RS in Mobile phase
Sample stock solution:  Nominally equivalent to 1 mg/mL of naproxen in Mobile phase.

Transfer an amount equivalent to about 500 mg of naproxen, from NLT 10 finely
powdered Tablets, to a 500-mL volumetric flask. Add about 300 mL of Mobile phase, and
sonicate for 30 min. Cool to room temperature, and dilute with Mobile phase to volume.

Sample solution:  Nominally equivalent to 0.1 mg/mL of naproxen in Mobile phase from
Sample stock solution. Pass through a suitable filter of 0.45-µm of pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  254-nm diode array
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Column:  4.6-mm × 15-cm; 5-µm packing L7
Flow rate:  1.2 mL/min
Injection volume:  20 µL
Run time:  NLT 2 times the retention time of naproxen

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NLT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of naproxen (C14H14O3) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of naproxen from the Sample solution
rS= peak response of naproxen from the Standard solution
CS= concentration of USP Naproxen RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Buffer:  0.1 M of pH 7.4 phosphate buffer prepared as follows. Dissolve 2.62 g of monobasic

sodium phosphate and 11.50 g of anhydrous dibasic sodium phosphate in 1000 mL of
water, and mix.

Medium:  Buffer; 900 mL
Apparatus 2:  50 rpm
Time:  45 min
Standard solution:  A known concentration of USP Naproxen RS in Buffer
Sample solution:  Filter portions of the solution under test, and suitably dilute with Buffer.
Instrumental conditions 

Mode:  UV
Analytical wavelength:  About 332 nm (maximum absorbance)
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of naproxen (C14H14O3) dissolved.
Tolerances:  NLT 80% (Q) of the labeled amount of naproxen (C14H14O3) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
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•  Organic Impurities
Buffer:  Dissolve 1.36 g of monobasic potassium phosphate in 1 L of water. Adjust with

triethylamine to a pH of 6.5. Pass through a suitable filter of 0.45-µm pore size.
Diluent:  Acetonitrile and Buffer (50:50)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Buffer
(%)

Acetonitrile
(%)

0 85 15
5 85 15
25 60 40
45 50 50
50 85 15
60 85 15

Standard stock solution 1:  Prepare 5 mg/mL of USP Naproxen RS in Diluent. Further dilute
this solution with Diluent to obtain 0.05 mg/mL of USP Naproxen RS in Diluent.

Standard stock solution 2:  0.01 mg/mL of USP Naproxen Related Compound A RS in
methanol

Standard stock solution 3:  0.01 mg/mL of USP Naproxen Related Compound L RS in
methanol

System suitability solution:  0.5 mg/mL of USP Naproxen RS and 0.5 µg/mL of USP
Naproxen Related Compound A RS in Diluent, from Standard stock solution 1 and Standard
stock solution 2, respectively

Standard solution:  1.0 µg/mL of USP Naproxen RS, 0.5 µg/mL each of USP Naproxen
Related Compound A RS and USP Naproxen Related Compound L RS in Diluent, from
Standard stock solution 1, Standard stock solution 2, and Standard stock solution 3,
respectively

Sample solution:  Nominally equivalent to 0.5 mg/mL of naproxen from NLT 10 finely
powdered Tablets. Transfer nominally equivalent to about 500 mg of naproxen to a 1000-
mL volumetric flask. Add 600 mL of Diluent, and sonicate for 30 min with intermittent
shaking. Cool to room temperature, and dilute with Diluent to volume. Mix, and allow to
settle for 5 min. Pass through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 236 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 6.0 between naproxen related compound A and naproxen, System
suitability solution

Relative standard deviation:   NMT 5.0% for naproxen, naproxen related compound A,

PF 39(5): Sep.-Oct. 2013 638



and naproxen related compound L, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of naproxen related compound A and naproxen related
compound L in the portion of Tablets taken:

Result = (rU/rS) × (CU/CS) × 100

rU= peak response of naproxen related compound A or naproxen related compound L from
the Sample solution

rS= peak response of naproxen related compound A or naproxen related compound L from
the Standard solution

CS= concentration of USP Naproxen Related Compound A RS or USP Naproxen Related
Compound L RS in the Standard solution (mg/mL)

CU= nominal concentration of naproxen in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Tablets taken:

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

rU= peak response of any other individual impurity from the Sample solution
rs= peak response of naproxen from the Standard solution
CS= concentration of USP Naproxen RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen in the Sample solution (mg/mL)
F= relative response factor of each individual impurity (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Naproxen related compound Aa 0.63 — 0.10
Naproxen 1.00 — 0.10

Naproxen related compound Lb 2.32 — 0.10

Naproxen methyl esterc 3.19 1.0 0.10
Any other individual impurity — 1.0 0.10

Total impuritiesd — — 0.50

a  6-Methoxy-2-naphthoic acid.
b  1-(6-Methoxynaphthalen-2-yl)ethanone.
c  (S)-Methyl 2-(6-methoxynaphthalen-2-yl)propanoate.
d  Disregard any peaks below LOQ (0.004% for any other individual impurity and naproxen

methyl ester, 0.002% for naproxen related compound A, and 0.006% for naproxen related
compound L).

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.
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Change to read:

•  USP Reference Standards 11
USP Naproxen RS 
USP Naproxen Related Compound A RS 

6-Methoxy-2-naphthoic acid. 
C12H10O3      202.21

USP Naproxen Related Compound L RS 
1-(6-Methoxynaphthalen-2-yl)ethanone. 
C13H12O2      200.23

BRIEFING

Naproxen Sodium Tablets, USP 36 page 4451. As part of the USP monograph modernization
effort and comments received, it is proposed to make the following changes:

1. Revise Identification test B based on the retention time agreement for the naproxen
peak in the Assay.

2. Add Identification test C based on the UV spectra as obtained in the proposed Assay
revisions.

3. Replace the Assay procedure with an HPLC procedure that does not require an internal
standard. The proposed liquid chromatography is based on analysis using the Luna
brand of C8 column; packing L7. The typical retention time for naproxen is about 5
min.

4. Add a test for Organic Impurities. The proposed liquid chromatography is based on
analysis using the Luna brand of C8 column; packing L7. The typical retention time
for naproxen is about 12.5 min.

5. Add two USP reference standards in the USP Reference Standards section to support
the addition of the test for Organic Impurities.

Additionally, editorial changes have been made as part of the USP monograph redesign.

(SM2: H. Cai.)
Correspondence Number—C93027

Comment deadline: November 30, 2013
Naproxen Sodium Tablets

DEFINITION

Naproxen Sodium Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
naproxen sodium (C14H13NaO3).

IDENTIFICATION

•  A. Identification Tests—General, Sodium 191
Sample:  Transfer an amount nominally equivalent to about 250 mg of naproxen sodium

from finely powdered Tablets to a centrifuge tube. Add 12 mL of water and 1 mL of
hydrochloric acid. A dense white precipitate is formed. Centrifuge the mixture. Use the
clear supernatant for the test.

Acceptance criteria:  Meets the requirements
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Change to read:
•  B.

Sample solution:  Prepare a mixture of the Standard solution and the Sample solution
(1:1), prepared as directed in the Assay

Analysis:  Chromatograph as directed in the Assay
Acceptance criteria:  The chromatogram so obtained exhibits two main peaks,

corresponding to naproxen and the internal standard
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Add the following:
•  C. The UV absorption spectra of the major peak of the Sample solution and that of the

Standard solution exhibit maxima and minima at the same wavelengths, as obtained in the
Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, glacial acetic acid, and water (50:1:49). [Note—Increased
resolution may be achieved by increasing the proportion of water in the Mobile phase.]

Diluent:  Acetonitrile and water (90:10)
Internal standard solution:  0.5 µL/mL of butyrophenone in acetonitrile
Standard stock solution:  2.75 mg/mL of USP Naproxen Sodium RS in Diluent
Standard solution:  27.5 µg/mL of USP Naproxen Sodium RS in Mobile phase from Standard

stock solution prepared as follows. Mix 1.0 mL of the Standard stock solution and 2.0 mL
of the Internal standard solution in a 100-mL volumetric flask, and dilute with Mobile
phase to volume.

Sample solution:  Transfer a quantity nominally equivalent to about 275 mg of naproxen
sodium from NLT 20 powdered Tablets, to a 100-mL volumetric flask. Add 10 mL of water,
and shake until the material is completely dispersed. Dilute with acetonitrile to volume.
Allow any insoluble matter to settle, then transfer 1.0 mL of the clear supernatant to a
100-mL volumetric flask, add 2.0 mL of Internal standard solution, and dilute with Mobile
phase to volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for naproxen and the internal standard are about 0.6

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 11.5 between the analyte and internal standard peaks when
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calculated by the formula:

2 × (t2  t1) / [1.699 × (W1h/2 + W2h/2)]

Column efficiency:  NLT 4000 theoretical plates for the analyte peak when calculated
by the formula:

5.545 × (t/Wh/2)2

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of naproxen sodium (C14H14NaO3) in the portion of Tablets
taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of naproxen to the internal standard from the Sample solution
RS= peak response ratio of naproxen to the internal standard from the Standard solution
CS= concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen sodium in the Sample solution (mg/mL)

 
Mobile phase:  Acetonitrile, water, and glacial acetic acid (450:540:10)
Standard solution:  0.1 mg/mL of USP Naproxen Sodium RS in Mobile phase
Sample stock solution:  Nominally equivalent to 5.5 mg/mL of naproxen sodium. Transfer

an amount nominally equivalent to about 2750 mg of naproxen sodium, from NLT 5 finely
powdered Tablets, to a 500-mL volumetric flask. Add 75 mL of water, and sonicate till
the Tablets disperse. Add about 250 mL of Mobile phase, and sonicate for 30 min with
intermittent shaking. Cool to room temperature, and dilute with Mobile phase to volume.
Pass through a suitable filter of 0.45-µm pore size.

Sample solution:  Nominally equivalent to 0.1 mg/mL of naproxen sodium in Mobile phase
from Sample stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254-nm diode array
Column:  4.6-mm × 15-cm; 5-µm packing L7
Flow rate:  1.2 mL/min
Injection volume:  20 µL

Run time:  NLT 2 times the retention time of naproxen
System suitability 

Sample:  Standard solution
Suitability requirements 

Tailing factor:  NLT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of naproxen sodium (C14H14NaO3) in the

PF 39(5): Sep.-Oct. 2013 642



portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of naproxen from the Sample solution
rS= peak response of naproxen from the Standard solution
CS= concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen sodium in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Buffer:  0.1 M of pH 7.4 phosphate buffer containing 2.62 g/L of monobasic sodium

phosphate and 11.50 g/L of anhydrous dibasic sodium phosphate in water
Medium:  Buffer; 900 mL
Apparatus 2:  50 rpm
Time:  45 min
Standard solution:  50 µg/mL of USP Naproxen Sodium RS in Medium
Sample solution:  Dilute a filtered portion of the solution under test with Medium as

necessary to obtain a nominal concentration of 50 µg/mL naproxen sodium (C14H13NaO3).
Instrumental conditions 

Mode:  UV
Analytical wavelength:  About 332 nm (maximum absorbance)

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of naproxen sodium (C14H14NaO3)
dissolved.

Tolerances:  NLT 80% (Q) of the labeled amount of naproxen sodium (C14H14NaO3) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Buffer:  Dissolve 1.36 g of monobasic potassium phosphate in 1 L of water. Adjust with
triethylamine to a pH of 6.5. Pass through a suitable filter of 0.45-µm pore size.

Diluent:  Acetonitrile and Buffer (50:50)
Mobile Phase:  See Table 1.

Table 1

Time
(min)

Buffer
(%)

Acetonitrile
(%)

0 85 15
5 85 15

2S (USP37)
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25 60 40
45 50 50
50 85 15
60 85 15

Standard stock solution 1:  Prepare 5 mg/mL of USP Naproxen Sodium RS in Diluent.
Further dilute this solution with Diluent to obtain 0.05 mg/mL of USP Naproxen Sodium RS
in Diluent.

Standard stock solution 2:  0.01 mg/mL of USP Naproxen Related Compound A RS in
methanol

Standard stock solution 3:  0.01 mg/mL of USP Naproxen Related Compound L RS in
methanol

Standard solution:  1.0 µg/mL of USP Naproxen Sodium RS, and 0.5 µg/mL each of USP
Naproxen Related Compound A and USP Naproxen Related Compound L in Diluent, from
Standard stock solution 1, Standard stock solution 2, and Standard stock solution 3,
respectively.

System suitability solution:  0.5 mg/mL of USP Naproxen Sodium RS and 0.5 µg/mL of USP
Naproxen Related Compound A RS in Diluent, from Standard stock solution 1 and Standard
stock solution 2, respectively

Sample stock solution:  Nominally equivalent to 5.5 mg/mL of naproxen sodium from NLT 5
finely powdered Tablets. Transfer nominally equivalent to about 2750 mg of naproxen
sodium to a 500-mL volumetric flask. Add 250 mL of Diluent, and sonicate for 20 min with
intermittent shaking. Cool to room temperature and dilute with Diluent to volume. Pass
through a suitable filter of 0.45-µm pore size.

Sample solution:  Nominally equivalent to 0.55 mg/mL of naproxen sodium in Diluent from
the Sample stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 236 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 6.0 between naproxen related compound A and naproxen, System
suitability solution

Relative standard deviation:  NMT 5.0% for naproxen, naproxen related compound A,
and naproxen related compound L; Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of naproxen related compound A and naproxen related
compound L in the portion of Tablets taken:

Result = (rU/rS) × (CU/CS) × 100
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rU= peak response of naproxen related compound A or naproxen related compound L from
the Sample solution

rs= peak response of naproxen related compound A or naproxen related compound L from
the Standard solution

CS= concentration of USP Naproxen Related Compound A RS or USP Naproxen Related
Compound L RS in the Standard solution (mg/mL)

CU= nominal concentration of naproxen sodium in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Tablets taken:

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

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of naproxen from the Standard solution
CS= concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of naproxen sodium in the Sample solution (mg/mL)
F= relative response factor of individual impurity (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Naproxen related compound Aa 0.63 — 0.10

Naproxen 1.00 — 0.10
Naproxen related compound Lb 2.32 — 0.10

Naproxen methyl esterc 3.19 1.0 0.10

Any other individual impurity — 1.0 0.10
Total impuritiesd — — 0.50

a  6-Methoxy-2-naphthoic acid.
b  1-(6-Methoxynaphthalen-2-yl)ethanone.
c  (S)-Methyl 2-(6-methoxynaphthalen-2-yl)propanoate.
d  Disregard any peaks below LOQ (0.004% for any other individual impurity and naproxen

methyl ester, 0.002% for naproxen related compound A, and 0.006% for naproxen related
compound L).

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Naproxen Sodium RS 
USP Naproxen Related Compound A 

6-Methoxy-2-naphthoic acid. 
C12H10O3      202.21

2S (USP37)
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USP Naproxen Related Compound L 
1-(6-Methoxynaphthalen-2-yl)ethanone. 
C13H12O2      200.23

BRIEFING

Neomycin Sulfate Ophthalmic Ointment, USP 36 page 4465. The monograph is revised as
follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per the current USP convention to

eliminate this test from drug product monographs.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin Sulfate Ophthalmic Ointment

DEFINITION

Neomycin Sulfate Ophthalmic Ointment is a sterile preparation of Neomycin Sulfate in a suitable
ointment base. It contains the equivalent of NLT 90.0% and NMT 135.0% of the labeled amount
of neomycin.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

ASSAY
•  Procedure 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of the Ophthalmic Ointment containing nominally 3.5 mg

of neomycin in a separator with 50 mL of ether. Extract with four 20-mL portions of Buffer
B.3. Combine the aqueous extracts, and dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–135.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Water Determination, Method I 921

2S (USP37)
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Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the
titration vessel.

Acceptance criteria: NMT 1.0%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Neomycin Sulfate RS

BRIEFING

Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment, USP 36
page 4466. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Dexamethasone Phosphate is revised to indicate the particle size of the

column based on available information.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment

DEFINITION

Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment is a sterile
ointment containing Neomycin Sulfate and Dexamethasone Sodium Phosphate. It contains the
equivalent of NLT 90.0% and NMT 135.0% of the labeled amount of neomycin, and the
equivalent of NLT 90.0% and NMT 110.0% of the labeled amount of dexamethasone phosphate
(C22H30FO8P).
[Note—Where Neomycin Sulfate and Dexamethasone Sodium Phosphate Ophthalmic Ointment is
prescribed without reference to the quantity of neomycin or dexamethasone phosphate
contained therein, a product containing 3.5 mg of neomycin and 0.5 mg of dexamethasone
phosphate per g shall be dispensed.]

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements
•  B. Thin-Layer Chromatography

Buffer:  3.1 g/L boric acid, 0.203 g/L magnesium chloride, and 0.860 g/L sodium hydroxide in

2S (USP37)
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water. The pH of this solution is 9.0.
Solution A:  1 mg/mL alkaline phosphatase enzyme in Buffer
Standard solution:  300 µg/mL of USP Dexamethasone RS in methylene chloride
Sample stock solution:  Use the Sample solution prepared as directed in the Assay for

Dexamethasone Phosphate.
Sample solution:  Transfer 5 mL of the Sample stock solution to a glass-stoppered, 50-mL

tube containing 5 mL of Solution A, incubate at 37  for 45 min, then add 25 mL of
methylene chloride, and shake for 2 min. Evaporate 15 mL of the methylene chloride
extract on a steam bath to dryness, and dissolve the residue in 1 mL of methylene
chloride.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volume:  5 µL
Developing solvent system:  Chloroform, acetone, and water (50:50:1)
Spray reagent:  Dilute sulfuric acid (1 in 2)

Analysis 
Samples:  Standard solution and Sample solution

Apply the Standard solution and Sample solution to the plate and allow the spots to dry.
Develop the chromatogram using the Developing solvent system in a tank completely lined
with filter paper, until the solvent front has moved about three-fourths of the length of
the plate. Remove the plate from the developing tank, mark the solvent front, and allow

the spots to dry. Spray the plate with Spray reagent, and heat at 105  until brown or
black spots appear.

Acceptance criteria:  The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a weighed portion of Ophthalmic Ointment in a separator with

about 50 mL of ether, and extract with four 20-mL portions of Buffer B.3. Combine the
aqueous extracts, and dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–135.0%

Change to read:
•  Dexamethasone Phosphate

Buffer:  6.9 g/L of monobasic sodium phosphate
Mobile phase:  Methanol and Buffer (52:48)
Diluent:  Dissolve 0.29 g of dibasic sodium phosphate in 450 mL of water, and add 550 mL

of alcohol.
Standard solution:  30 µg/mL of USP Dexamethasone Phosphate RS in Diluent. Prepare this

solution freshly.
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Sample solution:  Transfer a portion of Ophthalmic Ointment containing nominally 3 mg of
dexamethasone phosphate to a suitable beaker. Add 65 mL of Diluent, and heat just to
boiling. Pour the contents of the beaker into a separator containing 45 mL of isooctane.
After shaking for 1 min, decant the lower layer into a 100-mL volumetric flask. Rinse the
beaker with two 15-mL portions of Diluent, extracting the remaining isooctane in the
separator with each portion, and decanting the lower layer from each extraction into the
100-mL volumetric flask. Dilute with Diluent to volume, and mix. Pass through a suitable
filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm;
10-µm

packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for dexamethasone phosphate is about 8.5 min.]
Suitability requirements 

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of the labeled amount of dexamethasone phosphate
(C22H30FO8P) in the portion of Ophthalmic Ointment taken: 

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone Phosphate RS in the Standard solution (µg/mL)
CU= nominal concentration of dexamethasone phosphate in the Sample solution (µg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%

2S (USP37)
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•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Dexamethasone RS 
USP Dexamethasone Phosphate RS 
USP Neomycin Sulfate RS

BRIEFING

Neomycin Sulfate and Hydrocortisone Acetate Ophthalmic Ointment, USP 36 page
4471. It is proposed to omit the monograph for the following reasons. No drug products
formulated as defined in Neomycin Sulfate and Hydrocortisone Acetate Ophthalmic Ointment are
currently marketed in the United States. The drug product is not currently used in veterinary
medicine in the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Neomycin Sulfate and Hydrocortisone Acetate Ophthalmic Ointment

» Neomycin Sulfate and Hydrocortisone Acetate Ophthalmic Ointment
contains the equivalent of not less than 90.0 percent and not more than
135.0 percent of the labeled amount of neomycin, and not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
hydrocortisone acetate (C23H32O6).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Hydrocortisone Acetate RS
USP Neomycin Sulfate RS

Identification—

A: It meets the requirements for neomycin under Thin-Layer Chromatographic Identification

Test 201BNP .

B: The retention time of the major peak for hydrocortisone acetate in the chromatogram of the

2S (USP37)
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Assay preparation corresponds to that in the chromatogram of the Standard preparation, as
obtained in the Assay for hydrocortisone acetate.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

Minimum fill 755 : meets the requirements.

Water, Method I 921 : not more than 1.0%, 20 mL of a mixture of toluene and methanol
(7:3) being used in place of methanol in the titration vessel.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay for neomycin—Proceed with Ophthalmic Ointment as directed in the Assay under
Neomycin Sulfate Ointment.

Assay for hydrocortisone acetate—Proceed with Ophthalmic Ointment as directed in the
Assay under Hydrocortisone Acetate Lotion.

BRIEFING

Neomycin and Polymyxin B Sulfates Ophthalmic Ointment, USP 36 page 4475. The
monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
3. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates Ophthalmic Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates Ophthalmic Ointment is a sterile ointment containing
Neomycin Sulfate and Polymyxin B Sulfate. It contains the equivalent of NLT 90.0% and NMT
130.0% of the labeled amounts of neomycin and polymyxin B.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

2S (USP37)
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Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–130.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the
standard, a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the
same concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–130.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Change to read:

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

Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : It meets the requirements. 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

2S (USP37)
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Neomycin and Polymyxin B Sulfates and Bacitracin Ophthalmic Ointment, USP 36 page
4475. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
3. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates and Bacitracin Ophthalmic Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates and Bacitracin Ophthalmic Ointment is a sterile ointment
containing Neomycin Sulfate, Polymyxin B Sulfate, and Bacitracin. It contains the equivalent of
NLT 90.0% and NMT 140.0% of the labeled amounts of neomycin, polymyxin B, and bacitracin.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the
standard, a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the
same concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–140.0%
•  Bacitracin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a
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separator. Extract with four 25-mL portions of 0.01 N hydrochloric acid. Combine the acid
extracts, and dilute with 0.01 N hydrochloric acid to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.1 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (1.0 bacitracin unit/mL). If the Sample solution has a concentration
of less than 100 bacitracin units/mL, add hydrochloric acid to each Test Dilution of the
standard to obtain the same concentration of hydrochloric acid as in the Test Dilution of
the sample.

Acceptance criteria:  90.0%–140.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Change to read:

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

Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin and Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate
Ophthalmic Ointment, USP 36 page 4476. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Hydrocortisone Acetate is revised to correct the column dimensions and

2S (USP37)
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specify particle size.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate
Ophthalmic Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates, Bacitracin, and Hydrocortisone Acetate Ophthalmic
Ointment contains the equivalent of NLT 90.0% and NMT 140.0% of the labeled amounts of
neomycin, polymyxin B, and bacitracin, and NLT 90.0% and NMT 110.0% of the labeled amount
of hydrocortisone acetate in a suitable ointment base.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements
•  B. The retention time of the hydrocortisone acetate peak of the Sample solution

corresponds to that of the Standard solution, as obtained in the Assay for Hydrocortisone
Acetate.

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the standard
a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the same
concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–140.0%
•  Bacitracin 
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(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 20-mL portions of Buffer B.1. Combine the buffer extracts,
and dilute with Buffer B.1 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Add sufficient 0.01 N hydrochloric acid to a
portion of the Sample solution so that the amount of hydrochloric acid in the Test Dilution
is the same as in the median level of the standard. Dilute with Buffer B.1 to obtain a Test
Dilution having a bacitracin concentration that is nominally equivalent to the median level
of the standard.

Acceptance criteria:  90.0%–140.0%

Change to read:
•  Hydrocortisone Acetate

Mobile phase:  Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (475:475:70:35:30)

Standard solution:  0.10 mg/mL of USP Hydrocortisone Acetate RS in water-saturated
chloroform

Sample solution:  Nominally 0.10 mg/mL of hydrocortisone acetate from Ophthalmic
Ointment prepared as follows. Transfer a portion of Ophthalmic Ointment containing
nominally 2.5 mg of hydrocortisone acetate to a closable container. Add 25.0 mL of
water-saturated chloroform and about 10 glass beads. Securely close the container, and
shake vigorously for approximately 15 min. Centrifuge, and use the clear, lower chloroform
layer.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm
3.9-mm × 30-cm; 10-µm

packing L3
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of the labeled amount of hydrocortisone acetate (C23H32O6) in
the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU= nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

2S (USP37)
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PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Change to read:

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

Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : It meets the requirements. 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Hydrocortisone Acetate RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin and Polymyxin B Sulfates and Bacitracin Zinc Ophthalmic Ointment, USP 36
page 4477.

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
3. Storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates and Bacitracin Zinc Ophthalmic Ointment

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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DEFINITION

Neomycin and Polymyxin B Sulfates and Bacitracin Zinc Ophthalmic Ointment contains the
equivalent of NLT 90.0% and NMT 140.0% of the labeled amounts of neomycin, polymyxin B,
and bacitracin.

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the
standard, a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the
same concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–140.0%
•  Bacitracin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of 0.01 N hydrochloric acid. Combine the acid
extracts, and dilute with 0.01 N hydrochloric acid to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.1 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (1.0 bacitracin unit/mL). If the Sample solution has a concentration
of less than 100 bacitracin units/mL, add hydrochloric acid to each Test Dilution of the
standard to obtain the same concentration of hydrochloric acid as in the Test Dilution of
the sample.

Acceptance criteria:  90.0%–140.0%

PERFORMANCE TESTS

Delete the following:
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•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Ophthalmic
Ointment, USP 36 page 4478.

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Hydrocortisone is revised to correct the column dimensions and to update

the analytical parameters.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Ophthalmic
Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Ophthalmic Ointment is
a sterile ointment containing Neomycin Sulfate, Polymyxin B Sulfate, Bacitracin Zinc, and

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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Hydrocortisone. It contains the equivalent of NLT 90.0% and NMT 140.0% of the labeled
amounts of neomycin, polymyxin B, and bacitracin, and NLT 90.0% and NMT 110.0% of the
labeled amount of hydrocortisone (C21H30O5).

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements
•  B. The retention time of the hydrocortisone peak of the Sample solution corresponds to that

of the Standard solution, as obtained in the Assay for Hydrocortisone.

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B Units/mL). Add to each Test Dilution of the standard
a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the same
concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–140.0%
•  Bacitracin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of 0.01 N hydrochloric acid. Combine the acid
extracts, and dilute with 0.01 N hydrochloric acid to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.1 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (1.0 bacitracin Unit/mL). If the Sample solution has a concentration
of less than 100 bacitracin Units/mL, add hydrochloric acid to each Test Dilution of the
standard to obtain the same concentration of hydrochloric acid as in the Test Dilution of
the sample.

Acceptance criteria:  90.0%–140.0%

Change to read:
•  Hydrocortisone

Mobile phase:  Methanol, glacial acetic acid, and water (500:1:500) Adjust the composition
so that the retention time of hydrocortisone is between 6 and 10 min.
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Diluent:  Methanol and water (1:1)
Standard solution:  0.15 mg/mL of USP Hydrocortisone RS in Diluent
Sample solution:  Transfer 1.5 g of Ophthalmic Ointment to a separator. Add 3 mL of n-

hexane, and warm gently on a steam bath with mild agitation until dissolved. Add 7 mL of
n-hexane, mix by swirling, and extract with four 15-mL portions of Diluent. Collect the
extracts in a 100-mL volumetric flask, dilute with Diluent to volume, and mix. Filter the
solution, rejecting the first 10 mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm
3.9-mm × 30-cm; 10-µm;

packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Adjust the sample size and other operating parameters such that the peak from the
Standard solution is about 0.6 full-scale.

Calculate the percentage of the labeled amount of hydrocortisone (C21H30O5) in the
portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Hydrocortisone RS in the Standard solution (mg/mL)
CU= nominal concentration of hydrocortisone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:
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•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Hydrocortisone RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Acetate
Ophthalmic Ointment, USP 36 page 4479. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Hydrocortisone Acetate is revised to correct the column dimensions.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The section on Sterility Tests is revised to remove the reference to membrane filtration.
5. Storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Acetate
Ophthalmic Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates, Bacitracin Zinc, and Hydrocortisone Acetate Ophthalmic
Ointment is a sterile ointment containing Neomycin Sulfate, Polymyxin B Sulfate, Bacitracin
Zinc, and Hydrocortisone Acetate. It contains the equivalent of NLT 90.0% and NMT 140.0% of
the labeled amounts of neomycin, polymyxin B, and bacitracin, and NLT 90.0% and NMT 110.0%
of the labeled amount of hydrocortisone acetate (C23H32O6).
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IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements
•  B. The retention time of the hydrocortisone acetate peak of the Sample solution

corresponds to that of the Standard solution, as obtained in the Assay for Hydrocortisone
Acetate.

ASSAY
•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–140.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the
standard, a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the
same concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–140.0%
•  Bacitracin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of 0.01 N hydrochloric acid. Combine the acid
extracts, and dilute with 0.01 N hydrochloric acid to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.1 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (1.0 bacitracin unit/mL). If the Sample solution has a concentration
of less than 100 bacitracin units/mL, add hydrochloric acid to each Test Dilution of the
standard to obtain the same concentration of hydrochloric acid as in the Test Dilution of
the sample.

Acceptance criteria:  90.0%–140.0%

Change to read:
•  Hydrocortisone Acetate

Mobile phase:  Butyl chloride, water-saturated butyl chloride, tetrahydrofuran, methanol,
and glacial acetic acid (475:475:70:35:30)

Standard solution:  0.10 mg/mL of USP Hydrocortisone Acetate RS in water-saturated
chloroform

Sample solution:  Nominally 0.10 mg/mL of hydrocortisone acetate from Ophthalmic
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Ointment prepared as follows. Transfer a portion of Ophthalmic Ointment containing
nominally 2.5 mg of hydrocortisone acetate to a closable container. Add 25.0 mL of
water-saturated chloroform and about 10 glass beads. Securely close the container, and
shake vigorously for approximately 15 min. Centrifuge, and use the clear, lower chloroform
layer.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 30-cm
3.9-mm × 30-cm; 10-µm

packing L3
System suitability 

Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of hydrocortisone acetate (C23H32O6) in
the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Hydrocortisone Acetate RS in the Standard solution (mg/mL)
CU= nominal concentration of hydrocortisone acetate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Change to read:

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

Meets the requirements

2S (USP37)
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Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : It meets the requirements. 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Bacitracin Zinc RS 
USP Hydrocortisone Acetate RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic Ointment, USP 36
page 4480.

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay for Dexamethasone is revised to update the analytical parameters and to

remove the column efficiency requirement.
3. The remaining criteria are adequate to evaluate system suitability.
4. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
5. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic Ointment

DEFINITION

Neomycin and Polymyxin B Sulfates and Dexamethasone Ophthalmic Ointment contains the
equivalent of NLT 90.0% and NMT 130.0% of the labeled amounts of neomycin and polymyxin B,
and NLT 90.0% and NMT 110.0% of the labeled amount of dexamethasone (C22H29FO5).

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201BNP : Meets the requirements
•  B. The retention time of the dexamethasone peak of the Sample solution corresponds to

that of the Standard solution, as obtained in the Assay for Dexamethasone.

ASSAY
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•  Neomycin 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment in a separator with 50 mL of

ether. Extract with four 20-mL portions of Buffer B.3. Combine the aqueous extracts, and
dilute with Buffer B.3 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.3 to
obtain a Test Dilution having a neomycin concentration that is nominally equivalent to the
median level of the standard.

Acceptance criteria:  90.0%–130.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Shake a portion of Ophthalmic Ointment with 50 mL of ether in a

separator. Extract with four 25-mL portions of Buffer B.6. Combine the aqueous extracts,
and dilute with Buffer B.6 to a suitable volume.

Analysis:  Proceed as directed in the chapter. Dilute the Sample solution with Buffer B.6 to
obtain a Test Dilution having a concentration that is nominally equivalent to the median
level of the standard (10 polymyxin B units/mL). Add to each Test Dilution of the
standard, a quantity of USP Neomycin Sulfate RS, dissolved in Buffer B.6, to obtain the
same concentration of neomycin as in the Test Dilution of the sample.

Acceptance criteria:  90.0%–130.0%

Change to read:
•  Dexamethasone

Mobile phase:  Acetonitrile and water (1 in 3) Adjust the composition so that the retention
time of dexamethasone is about 5 min.

Diluent:  Acetonitrile and methanol (1:1)
Standard solution:  60 µg/mL of USP Dexamethasone RS in Diluent
Sample solution:  Nominally 60 µg/mL of dexamethasone from Ophthalmic Ointment in

Diluent prepared as follows. Transfer a portion of Ophthalmic Ointment containing
nominally 3 mg of dexamethasone to a suitable test tube, and add 15 mL of cyclohexane.

Heat in a water bath at 75 ± 5  for 10 min. If the ointment is not fully dissolved, heat on
a steam bath for about 30 s, place a cap on the test tube, and place on a vortex mixer
until all solid material is dissolved. Pass with suction through a medium-porosity, sintered-
glass filter. Rinse the test tube twice with 10-mL portions of cyclohexane, passing the
rinsings through the filter, and discard the filtrate. Wash the filter with about 10 mL of a
mixture of Diluent, and collect the filtrate in a 50-mL beaker. Wash the test tube and the
filter with several 10-mL portions of Diluent, and combine the washings in the 50-mL
beaker. Transfer the contents of the beaker to a 50-mL volumetric flask with the aid of
Diluent, and dilute with Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5- to 10-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

2S (USP37)
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System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 4000 theoretical plates

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the
portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (µg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (µg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method Ib 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

Change to read:

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

Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
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USP Dexamethasone RS 
USP Neomycin Sulfate RS
USP Polymyxin B Sulfate RS 

BRIEFING

Neomycin Sulfate and Prednisolone Acetate Ophthalmic Ointment, USP 36 page 4486.
It is proposed to omit the monograph for the following reasons. No drug products formulated as
defined in Neomycin Sulfate and Prednisolone Acetate Ophthalmic Ointment are currently
marketed in the United States. The drug product is not currently used in veterinary medicine in
the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Neomycin Sulfate and Prednisolone Acetate Ophthalmic Ointment

» Neomycin Sulfate and Prednisolone Acetate Ophthalmic Ointment is a
sterile ointment containing Neomycin Sulfate and Prednisolone Acetate. It
contains the equivalent of not less than 90.0 percent and not more than
135.0 percent of the labeled amount of neomycin, and not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
prednisolone acetate (C23H30O6).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Neomycin Sulfate RS
USP Prednisolone Acetate RS

Identification—

A: It meets the requirements for neomycin under Thin-Layer Chromatographic Identification

Test 201BNP .

B: The retention time of the major peak for prednisolone acetate in the chromatogram of the
Assay preparation corresponds to that of the Standard preparation, as obtained in the Assay
for prednisolone acetate.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

Minimum fill 755 : meets the requirements.

Water, Method I 921 : not more than 1.0%, 20 mL of a mixture of toluene and methanol
(7:3) being used in place of methanol in the titration vessel.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic
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Ointments 751 .

Assay for neomycin—Proceed with Ophthalmic Ointment as directed in the Assay under
Neomycin Sulfate Ointment.

Assay for prednisolone acetate—

Mobile phase, Internal standard solution, Standard preparation, and Chromatographic system
— Prepare as directed in the Assay for prednisolone acetate under Neomycin Sulfate and
Prednisolone Acetate Ophthalmic Suspension.

Assay preparation— Using Ophthalmic Ointment, proceed as directed for Assay preparation in
the Assay for prednisolone acetate under Neomycin Sulfate and Prednisolone Acetate
Ointment.

Procedure— Proceed as directed for Procedure in the Assay for prednisolone acetate under
Neomycin Sulfate and Prednisolone Acetate Ophthalmic Suspension. Calculate the quantity, in
mg, of prednisolone acetate (C23H30O6) in the portion of Ophthalmic Ointment taken by the
formula:

0.04C(RU / RS)

in which C is the concentration, in µg per mL, of USP Prednisolone Acetate RS in the Standard
preparation, and RU and RS are the peak response ratios of prednisolone acetate to
betamethasone obtained from the Assay preparation and the Standard preparation,
respectively.

BRIEFING

Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic Ointment, USP 36
page 4487. It is proposed to omit the monograph for the following reasons. No drug products
formulated as defined in Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic
Ointment are currently marketed in the United States. The drug product is not currently used in
veterinary medicine in the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic Ointment

» Neomycin Sulfate and Prednisolone Sodium Phosphate Ophthalmic
Ointment is a sterile ointment containing Neomycin Sulfate and Prednisolone
Sodium Phosphate. It contains the equivalent of not less than 90.0 percent
and not more than 135.0 percent of the labeled amount of neomycin, and
the equivalent of not less than 90.0 percent and not more than 115.0
percent of the labeled amount of prednisolone phosphate (C21H29O8P).
Note—Where Neomycin Sulfate and Prednisolone Sodium Phosphate
Ophthalmic Ointment is prescribed without reference to the quantity of
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neomycin or prednisolone phosphate contained therein, a product containing
3.5 mg of neomycin and 2.5 mg of prednisolone phosphate per g shall be
dispensed.

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Neomycin Sulfate RS
USP Prednisolone RS

Identification—

A: It responds to the Identification test under Neomycin Sulfate Cream.

B: Shake a quantity of Ophthalmic Ointment, equivalent to about 40 mg of prednisolone
phosphate, with 25 mL of sodium chloride solution (1 in 20) and 25 mL of methylene chloride,
for 2 minutes. Transfer the methylene chloride layer to a second separator containing 15 mL of
sodium chloride (1 in 20). Shake for 1 minute, and discard the methylene chloride layer. Repeat
the operation with a second portion of 25 mL of methylene chloride. Combine the aqueous
phase from the second separator with the aqueous phase of the first separator. Add 10 mL of
Alkaline phosphatase solution, prepared as directed in the Assay for prednisolone phosphate,
and add 50 mL of methylene chloride. Insert the stopper, and allow to stand, with occasional
gentle inversion (about once every 15 minutes), for 2 hours. Filter the methylene chloride layer
through a dry paper, and evaporate 25 mL of the filtrate to dryness: the residue so obtained
responds to Identification test A under Prednisolone.

Sterility 71 : meets the requirements.

Minimum fill 755 : meets the requirements.

Water, Method I 921 : not more than 1.0%, 20 mL of a mixture of toluene and methanol
(7:3) being used in place of methanol in the titration vessel.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay for neomycin—Proceed as directed under Antibiotics—Microbial Assays 81 , using an
accurately weighed portion of Ophthalmic Ointment shaken in a separator with about 50 mL of
ether, and extracted with four 20-mL portions of Buffer No. 3. Combine the aqueous extracts,
and dilute with Buffer No. 3 to an appropriate volume to obtain a stock solution. Dilute this
stock solution quantitatively and stepwise with Buffer No. 3 to obtain a Test Dilution having a
concentration assumed to be equal to the median dose level of the Standard.

Assay for prednisolone phosphate—

pH 9 buffer with magnesium— Prepare as directed in the Assay under Dexamethasone Sodium
Phosphate.

Alkaline phosphatase solution— Prepare as directed in the Assay under Dexamethasone Sodium
Phosphate Injection.

Standard preparation— Prepare as directed for Standard Preparation under Assay for Steroids 
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351 , using USP Prednisolone RS.

Assay preparation— Transfer an accurately weighed portion of Ophthalmic Ointment, equivalent
to about 3 mg of prednisolone phosphate, to a 125-mL separator. Add 25 mL of sodium chloride
solution (1 in 20) and 25 mL of methylene chloride, and shake for not less than 2 minutes to
disperse the assay specimen. Transfer the methylene chloride layer to a second separator
containing 15 mL of sodium chloride solution (1 in 20). Shake for 1 minute, and discard the
methylene chloride layer. Repeat the operation with a second portion of 25 mL of methylene
chloride. Transfer the aqueous phases from both separators to a 50-mL volumetric flask, rinsing
the first separator with the aqueous phase of the second separator. Rinse both separators with
the same 5 mL of sodium chloride solution (1 in 20), and add the rinsing to the volumetric flask.
Add sodium chloride solution (1 in 20) to volume, and mix.

Pipet 5 mL of the resulting solution into a 125-mL separator, add 8.0 mL of Alkaline phosphatase
solution, mix, and allow to stand for 2 hours. Extract the solution with two 25-mL portions of
methylene chloride, filtering the extracts through methylene chloride-washed cotton into a
small beaker. Evaporate the methylene chloride on a steam bath nearly to dryness, then
evaporate with the aid of a current of air to dryness. Dissolve the residue in 25.0 mL of alcohol.
Prepare a blank by evaporating 50 mL of methylene chloride to dryness and dissolving the
residue in 25 mL of alcohol.

Procedure— Pipet 20 mL each of the Assay preparation, the Standard preparation, and the
blank solution into separate glass-stoppered flasks, and proceed as directed for Procedure

under Assay for Steroids 351 , beginning with “add 2.0 mL of a solution prepared by
dissolving 50 mg of blue tetrazolium.” Calculate the quantity, in mg, of prednisolone phosphate
(C21H29O8P) in the portion of Ophthalmic Ointment taken by the formula:

0.25C(AU / AS)(440.43 / 360.45)

in which C is the concentration, in µg per mL, of USP Prednisolone RS in the Standard
preparation, AU and AS are the absorbances of the solutions from the Assay preparation and
the Standard preparation, respectively, and 440.43 and 360.45 are the molecular weights of
prednisolone phosphate and prednisolone, respectively.

BRIEFING

Neomycin Sulfate, Sulfacetamide Sodium, and Prednisolone Acetate Ophthalmic
Ointment, USP 36 page 4488. It is proposed to omit the monograph for the following reasons.
No drug products formulated as defined in Neomycin Sulfate, Sulfacetamide Sodium, and
Prednisolone Acetate Ophthalmic Ointment are currently marketed in the United States. The
drug product is not currently used in veterinary medicine in the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Neomycin Sulfate, Sulfacetamide Sodium, and Prednisolone Acetate Ophthalmic
Ointment
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» Neomycin Sulfate, Sulfacetamide Sodium, and Prednisolone Acetate
Ophthalmic Ointment contains the equivalent of not less than 90.0 percent
and not more than 135.0 percent of the labeled amount of neomycin, and
not less than 90.0 percent and not more than 110.0 percent of the labeled
amounts of sulfacetamide sodium (C8H9N2NaO3S·H2O) and prednisolone
acetate (C23H30O6).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Neomycin Sulfate RS
USP Prednisolone Acetate RS

Identification—

A: Dissolve a quantity of Ophthalmic Ointment, equivalent to about 1 g of sulfacetamide
sodium, in 100 mL of ether in a separator, and extract the mixture with 25 mL of water. Wash
the extract with 25 mL of ether, and warm the water extract on a steam bath to remove the
last traces of ether. Adjust with 6 N acetic acid to a pH of between 4 and 5, and filter. Wash

the precipitate with water, and dry at 105  for 2 hours: the sulfacetamide so obtained melts

between 180  and 184 , and responds to Identification tests B, D, and E under Sulfacetamide
Sodium.

B: To a quantity of Ophthalmic Ointment, equivalent to about 25 mg of prednisolone acetate,
add 15 mL of water, extract with two 10-mL portions of peroxide-free ether, discard the ether
extracts, and extract with two 10-mL portions of chloroform. Evaporate the combined, clear
chloroform extracts, with the aid of a current of air, to dryness: the residue so obtained
responds to Identification test A under Prednisolone Acetate.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

Minimum fill 755 : meets the requirements.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay for neomycin—Proceed with Ophthalmic Ointment as directed in the Assay under
Neomycin Sulfate Ointment.

Assay for sulfacetamide sodium—Weigh accurately a quantity of Ophthalmic Ointment,
equivalent to about 500 mg of sulfacetamide sodium, and transfer to a 125-mL separator.
Dissolve the ointment in 50 mL of ether, and extract the mixture with six 25-mL portions of
water. Warm the combined extracts on a steam bath to remove the last traces of ether, add

20 mL of hydrochloric acid, and proceed as directed under Nitrite Titration 451 , beginning

with “cool to 15 .” Each mL of 0.1 M sodium nitrite is equivalent to 25.42 mg of
C8H9N2NaO3S·H2O.

Assay for prednisolone acetate—
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Standard preparation— Prepare as directed for Standard Preparation under Assay for Steroids 

351 , using USP Prednisolone Acetate RS.

Assay preparation— Transfer to a suitable flask an accurately weighed quantity of Ophthalmic
Ointment, equivalent to about 10 mg of prednisolone acetate, and add 30 mL of alcohol. Heat
on a steam bath to melt the ointment base, and mix. Cool to solidify the ointment base, and
filter the alcohol solution into a 100-mL volumetric flask. Repeat the extraction with three 20-
mL portions of alcohol, add alcohol to volume, and mix. Pipet 10 mL of this solution into a 100-
mL volumetric flask, add alcohol to volume, and mix. Pipet 20 mL of the resulting solution into a
glass-stoppered, 50-mL conical flask.

Procedure— Proceed as directed for Procedure under Assay for Steroids 351 . Calculate the
quantity, in mg, of C23H30O6 in the portion of Ophthalmic Ointment taken by the formula:

C(AU / AS).

BRIEFING

Neomycin Sulfate and Triamcinolone Acetonide Ophthalmic Ointment, USP 36 page
4489. It is proposed to omit the monograph for the following reasons. No drug products
formulated as defined in Neomycin Sulfate and Triamcinolone Acetonide Ophthalmic Ointment
are currently marketed in the United States. The drug product is not currently used in
veterinary medicine in the United States.

(SM1: A. Wise.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Neomycin Sulfate and Triamcinolone Acetonide Ophthalmic Ointment

» Neomycin Sulfate and Triamcinolone Acetonide Ophthalmic Ointment
contains the equivalent of not less than 90.0 percent and not more than
135.0 percent of the labeled amount of neomycin, and not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
triamcinolone acetonide (C24H31FO6).

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Neomycin Sulfate RS
USP Triamcinolone Acetonide RS

Identification—

A: It meets the requirements for neomycin under Thin-Layer Chromatographic Identification

Test 201BNP .

B: Place 2 g of Ophthalmic Ointment in a conical flask, add 5.0 mL of chloroform, and shake for
10 minutes. Add 15 mL of alcohol, and shake for an additional 10 minutes. Filter the solution
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into a centrifuge tube, and evaporate the filtrate to dryness. Dissolve the residue in alcohol to
obtain a solution containing about 250 µg of triamcinolone acetonide per mL. Proceed as
directed in the Identification test under Triamcinolone Acetonide Cream, beginning with “Apply
10 µL of this solution”: the specified result is observed.

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

Minimum fill 755 : meets the requirements.

Water, Method I 921 : not more than 1.0%, 20 mL of a mixture of toluene and methanol
(7:3) being used in place of methanol in the titration vessel.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay for neomycin—Proceed with Ophthalmic Ointment as directed in the Assay under
Neomycin Sulfate Ointment.

Assay for triamcinolone acetonide—Proceed with Ophthalmic Ointment as directed in the
Assay under Triamcinolone Acetonide Cream, except to read “Ophthalmic Ointment” in place of
“Cream” throughout.

BRIEFING

Oleovitamin A and D Capsules, USP 36 page 4569. A revision is proposed to the Assay to

reflect the changes in the recent revision of the general chapters Vitamin A Assay 571

and Vitamin D Assay 581 . Due to the new USP Retinyl Palmitate RS, the previous USP
Vitamin A RS is renamed USP Retinyl Acetate RS.

(DS: N. Davydova.)
Correspondence Number—C134686

Comment deadline: November 30, 2013
Oleovitamin A and D Capsules

DEFINITION

Oleovitamin A and D Capsules contain NLT 90.0% of the labeled amounts of vitamins A and D.
The oil in Oleovitamin A and D Capsules is a solution of vitamin A and vitamin D in fish liver oil or
in an edible vegetable oil. The vitamin D is present as ergocalciferol or cholecalciferol obtained
by the activation of ergosterol or 7-dehydrocholesterol or from natural sources.

ASSAY

Change to read:

•  Vitamin A Assay 571
Sample:  Transfer NLT 5 Capsules to a saponification flask, add 10–20 mL of water, and

heat for 10 min. Crush any remaining solids with the blunt end of a glass rod.
Analysis:  Proceed as directed in Chemical Method for Procedure, in the second

paragraph, beginning with “Reflux in an all-borosilicate glass apparatus”.
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Analysis:  Use the appropriate Chemical Method or Chromatographic Method as
described in the chapter.

Acceptance criteria:  NLT 90.0% of the labeled amount

Change to read:

•  Vitamin D Assay 581
Sample:  Transfer NLT 5 Capsules to a saponification flask, add 10–20 mL of water, and

heat for 10 min. Crush any remaining solids with the blunt end of a glass rod.
Analysis:  Proceed as directed in Chemical Method. The Sample Preparation shall contain

NMT the equivalent of 7.5 mg of vitamin A or NLT 125 µg of vitamin D.

Proceed as directed in Biological Method if the ratio of vitamin A to vitamin D exceeds 300:1.

Analysis:  Use the appropriate Chromatographic Method as described in the chapter.

Acceptance criteria:  NLT 90.0% of the labeled amount

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store in a dry place.
•  Labeling: Label the Capsules to indicate the content, in mg, of vitamin A in each Capsule.

The vitamin A content in each Capsule may be expressed also in USP Vitamin A Units. Label
the Capsules to show whether they contain ergocalciferol, cholecalciferol, or vitamin D
from a natural source. Label the Capsules to indicate also the vitamin D content, in µg, in
each Capsule. The vitamin D content may be expressed also in USP Vitamin D Units in each
Capsule.

Change to read:

•  USP Reference Standards 11
USP Cholecalciferol RS 
USP Ergocalciferol RS 
USP Vitamin A RS 
USP Retinyl Acetate RS

USP Retinyl Palmitate RS 

BRIEFING

Bland Lubricating Ophthalmic Ointment, USP 36 page 4591. See the Briefing under Atropine
Sulfate Ophthalmic Ointment. The test for Homogeneity is deleted because it is covered in

general chapter Ophthalmic Preparations—Quality Tests 771 .

(SM3: F. Mao.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Bland Lubricating Ophthalmic Ointment

DEFINITION

Bland Lubricating Ophthalmic Ointment is a sterile ointment of white petrolatum and mineral oil.
It may contain Lanolin, Modified Lanolin, or Lanolin Alcohols. It may also contain a suitable

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 675



antimicrobial preservative.

SPECIFIC TESTS
•  Appearance

Analysis:  Transfer a portion of it to a suitable test tube, and examine the sample in front
of a light source.

Acceptance criteria:  The sample appears translucent.

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

•  Acidity or Alkalinity
Sample solution:  Transfer 20.0 g of Ophthalmic Ointment to a 400-mL beaker. Add 100 mL

of a mixture of neutralized alcohol and water (1 in 2), agitate thoroughly, and gradually
heat to boiling. Boil for 10 min.

Analysis:  To the Sample solution add 1 mL of phenolphthalein TS, and rapidly titrate with
vigorous agitation with either 0.1 N sodium hydroxide VS (from a colorless alcohol–water
layer to a sharp pink endpoint) or 0.1 N hydrochloric acid VS (from a pink alcohol–water
layer to a colorless endpoint).

Acceptance criteria:  NMT 0.40 mL of 0.1 N hydrochloric acid VS or 0.1 N sodium hydroxide
VS is required to produce the color change.

•  Color
Analysis:  Examine the extruded Ophthalmic Ointment for color.
Acceptance criteria:  Colorless to light yellow

Delete the following:
•  Homogeneity

Analysis: Transfer about 250 mg of it to a clean microscope slide and examine for
separation. Place a cover slip on the ointment and flatten until light readily passes through
the sample. Examine for agglomeration.

Acceptance criteria: No oily or watery substances should be visibly separated from the
ointment for separation test and no solid particles are visible for agglomeration test.

Delete the following:

•  Metal Particles in Opthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in suitable collapsible ophthalmic ointment tubes.

BRIEFING

Oxymetazoline Hydrochloride Ophthalmic Solution, USP 36 page 4652. On the basis of
comments received, it is proposed to make the following changes:

1. Identification test A by wet chemistry is replaced by retention time agreement in the
Assay. The Identification section is strengthened by addition of the UV
spectroscopy-based Identification test B.
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2. Additionally, the monograph is updated to be consistent with the current USP style
guide.

(SM3: F. Mao.)
Correspondence Number—C129152

Comment deadline: November 30, 2013
Oxymetazoline Hydrochloride Ophthalmic Solution

DEFINITION

Oxymetazoline Hydrochloride Ophthalmic Solution is a sterile, buffered solution of Oxymetazoline
Hydrochloride in water adjusted to a suitable tonicity. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of oxymetazoline hydrochloride (C16H24N2O·HCl). It contains a suitable
preservative.

IDENTIFICATION

Delete the following:
•  A. Procedure

Sample solution: A volume of Ophthalmic Solution equivalent to about 2.5 mg of
oxymetazoline hydrochloride

Analysis: Transfer the Sample solution to a 60-mL separator, and add water to make about
10 mL. Add 2 mL of sodium carbonate solution (1 in 10), extract with 10 mL of chloroform,
and transfer the chloroform extract to a second 60-mL separator. Extract the chloroform
solution with 10 mL of 0.1 N hydrochloric acid, allow to separate, and discard the
chloroform layer. Transfer 8 mL of the acidic aqueous layer to a test tube, neutralize by
the dropwise addition of 1 N sodium hydroxide, add 1 drop of 1 N sodium hydroxide in
excess, and mix. Add a few drops of sodium nitroferricyanide TS and 2 drops of sodium
hydroxide solution (15 in 100), mix, and allow to stand for 10 min. Add 0.1 N hydrochloric
acid dropwise until the pH is between 8 and 9, and allow to stand for 10 min.

Acceptance criteria: A violet color develops.

Add the following:
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Add the following:
•  B. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Mobile phase:  Methanol, 1 M sodium acetate, glacial acetic acid, and water (40:10:4:46)
Standard solution:  Prepare a solution of USP Oxymetazoline Hydrochloride RS in Mobile

phase having a known concentration approximately equal to the labeled concentration of
the Ophthalmic Solution.

Sample solution:  Use the Ophthalmic Solution.
Chromatographic system  
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; packing L9
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for five replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of oxymetazoline hydrochloride
(C16H24N2O·HCl) in the portion of Ophthalmic Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Oxymetazoline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of oxymetazoline hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 5.8–6.8

•  Sterility Tests 71 : Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Oxymetazoline Hydrochloride RS 

BRIEFING

Oxytetracycline Hydrochloride and Polymyxin B Sulfate Ophthalmic Ointment, USP 36
page 4661. The monograph is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The test for Water Determination is deleted per the current USP convention to

eliminate this test from drug product monographs.
3. The storage temperature is added based on the storage requirements for FDA-approved

products.

(SM1: A. Wise.)
Correspondence Number—C132038
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Comment deadline: November 30, 2013
Oxytetracycline Hydrochloride and Polymyxin B Sulfate Ophthalmic Ointment

DEFINITION

Oxytetracycline Hydrochloride and Polymyxin B Sulfate Ophthalmic Ointment is a sterile
ointment containing Oxytetracycline Hydrochloride and Polymyxin B Sulfate. It contains the
equivalent of NLT 90.0% and NMT 120.0% of the labeled amount of oxytetracycline and NLT
90.0% and NMT 125.0% of the labeled amount of polymyxin B.

ASSAY
•  Oxytetracycline 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Transfer a suitable, weighed quantity of the Ophthalmic Ointment to a

separator, add 50 mL of ether, and shake. Add 20 mL of 0.1 N hydrochloric acid, shake,
and allow to separate. Collect the acid layer, and repeat the extraction with three
additional 20-mL portions of 0.1 N hydrochloric acid. Combine the acid extracts in a 100-
mL volumetric flask, and dilute with 0.1 N hydrochloric acid to volume. Dilute a portion of
this solution with 0.1 N hydrochloric acid to obtain a solution containing NLT 150 µg/mL of
oxytetracycline.

Analysis:  Proceed as directed in the chapter, using a suitable aliquot of the Sample
solution diluted with water, to yield a Test Dilution having an oxytetracycline
concentration that is nominally equivalent to the median level of the standard.

Acceptance criteria:  90.0%–120.0%
•  Polymyxin B 

(See Antibiotics—Microbial Assays 81 .)
Sample solution:  Transfer nominally 10,000 USP Polymyxin B Units from the Ophthalmic

Ointment to a 15-mL centrifuge tube. Add 10 mL of ether, stir, and centrifuge for 10 min.
Decant, and discard the clear ether. Wash the residue with 10 mL of ether, and centrifuge
for 10 min, decanting and discarding the clear ether. Wash the residue with several 10-mL
portions of acetone, centrifuging, decanting, and discarding each washing until the yellow
color is removed from the residue. Take care not to remove any of the residue with the
washings. Add 0.2 mL of polysorbate 80 to the residue, and mix. Transfer the mixture to a
100-mL volumetric flask with the aid of Buffer B.6, and dilute with the same solvent to
volume.

Analysis:  Proceed as directed in the chapter, using a suitable aliquot of the Sample
solution diluted with Buffer B.6, to yield a Test Dilution having a polymyxin B concentration
that is nominally equivalent to the median level of the standard.

Acceptance criteria:  90.0%–125.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS
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•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements. 

Delete the following:

•  Water Determination, Method I 921 :
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Oxytetracycline RS 
USP Polymyxin B Sulfate RS 

BRIEFING

Paroxetine Extended-Release Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph is being proposed.

1. The liquid chromatographic procedure used in the Assay and the Dissolution test was
validated using the Zorbax-TMS brand of L13 column. The YMC-Pack-TMS is a
suitable alternative column for these procedures. The typical retention time for
paroxetine is about 10.5 min.

2. The liquid chromatographic procedure used in the test for Organic Impurities was
validated using the Symmetry C8 brand of L7 column. The retention time for
paroxetine is about 24 min.

(SM4: R. Ravichandran.)
Correspondence Number—C98116

Comment deadline: November 30, 2013

Add the following:
Paroxetine Extended-Release Tablets

DEFINITION

Paroxetine Extended-Release Tablets contain paroxetine hydrochloride equivalent to NLT 90.0%
and NMT 110.0% of the labeled amount of paroxetine (C19H20FNO3).
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IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  3.9 g/L of ammonium acetate in water. Adjust with glacial acetic acid to a pH of
4.5.

Mobile phase:  Acetonitrile, Buffer, and triethylamine (40:60:1). Adjust with glacial acetic
acid to a pH of 5.5.

Standard solution:  0.5 mg/mL of USP Paroxetine Hydrochloride RS in methanol
System suitability solution:  0.5 mg/mL of USP Paroxetine Related Compound B RS in

Standard solution
Sample solution:  Nominally 0.5 mg/mL of paroxetine from NLT 10 Tablets prepared as

follows. Transfer the required number of Tablets to a suitable volumetric flask. Add 80% of
the flask volume of methanol. Sonicate for 30 min followed by stirring for 30 min. Dilute
with methanol to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 295 nm
Column:  4.6-mm × 25-cm; 5-µm packing L13
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for paroxetine related compound B and paroxetine are

0.9 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between paroxetine related compound B and paroxetine, System
suitability solution

Tailing factor:  NMT 2.0 for paroxetine, System suitability solution
Relative standard deviation:  NMT 2.0% for paroxetine, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of paroxetine (C19H20FNO3) in the portion
of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Paroxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of paroxetine in the Sample solution (mg/mL)
Mr1= molecular weight of paroxetine free base, 329.4
Mr2= molecular weight of paroxetine hydrochloride, 365.8
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Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Acid stage medium:  0.1 N hydrochloric acid; 750 mL
Buffer stage medium:  0.05 M tris buffer prepared as follows. Dissolve 6.06 g of

tris(hydroxymethyl)aminomethane in 1 L of water. Add 1.8 mL of hydrochloric acid to the
resulting solution. Adjust with 1000 mL of deaerated hydrochloric acid to a pH of 7.5.

Apparatus 1:  100 rpm
Times:  2 h in Acid stage; 2, 4, and 12 h in Buffer stage
Buffer and Mobile phase:  Proceed as directed in the Assay.
Acid stage standard stock solution:  0.33 mg/mL of paroxetine prepared as follows.

Transfer a suitable amount of USP Paroxetine Hydrochloride RS to a suitable volumetric
flask. Dissolve in 5% of the flask volume of methanol. Dilute with Acid stage medium to
volume.

Acid stage standard solution:  Dilute the Acid stage standard stock solution with Acid
stage medium to obtain a final concentration of (L/7500) mg/mL, where L is the label
claim in mg.

Buffer stage standard stock solution:  0.25 mg/mL of paroxetine prepared as follows.
Transfer a suitable amount of USP Paroxetine Hydrochloride RS to a suitable volumetric
flask. Dissolve in 5% of the flask volume of methanol. Dilute with Buffer stage medium to
volume.

Buffer stage standard solution:  Dilute the Buffer stage standard stock solution with
Buffer stage medium to obtain a final concentration of (L/1000) mg/mL, where L is the
label claim in mg.

Acid stage sample solution:  Run the Acid stage for 2 h. Withdraw 10 mL of the solution
under test, and centrifuge. Use the centrifugate for analysis.

Buffer stage sample solution:   Remove the Acid stage medium from the vessel, and
replace it with the Buffer stage medium. At the times specified, remove 10 mL of the
solution under test, and centrifuge. Use the centrifugate for analysis.

Chromatographic system:  Proceed as directed in the Assay. For Injection volume, use
100 µL for the Acid stage analysis and 10 µL for the Buffer stage analysis.

System suitability 
Samples:  Acid stage standard solution and Buffer stage standard solution
Suitability requirements 

Tailing factor:  NMT 2.0, Acid stage standard solution and Buffer stage standard
solution

Relative standard deviation:  NMT 3.0%, Acid stage standard solution and Buffer
stage standard solution

Analysis 
Samples:  Acid stage standard solution, Buffer stage standard solution, Acid stage

sample solution, and Buffer stage sample solution

Calculate the percentage of the labeled amount of paroxetine (C19H20FNO3) dissolved in
the Acid stage (QA):

Result = (rU/rS) × CS × (Mr1/Mr2) × V × (1/L) × 100
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rU= peak response from the Acid stage sample solution
rS= peak response from the Acid stage standard solution
CS= concentration of paroxetine in the Acid stage standard solution (mg/mL)
Mr1= molecular weight of paroxetine free base, 329.4
Mr2= molecular weight of paroxetine hydrochloride, 365.8
V = volume of Acid stage medium (750 mL)
L = label claim (mg/Tablet)

Calculate concentration Ci of paroxetine (C19H20FNO3) dissolved at each time point in the
Buffer stage:

Result = (ri/rS) × CS × (Mr1/Mr2)

ri = peak response from the Buffer stage sample solution at each time point i
rS= peak response from the Buffer stage standard solution
CS= concentration of the Buffer stage standard solution, mg/mL
Mr1= molecular weight of paroxetine free base, 329.4
Mr2= molecular weight of paroxetine hydrochloride, 365.8

Calculate the percentage of the labeled amount (Qi) of paroxetine (C19H20FNO3) dissolved
at each time point i in the Buffer stage medium:

Result1 = C1 × V × (1/L) × 100

Result2 = {[C2 × (V  VS)] + (C1 × VS)} × (1/L) × 100

Result3 = ({C3 × [V  (2 × VS)]} + [(C2 + C1) × VS]) × (1/L) × 100

Ci= concentration of paroxetine in Buffer stage medium in the portion of sample withdrawn
at time point i (mg/mL)

V= volume of the Buffer stage medium solution, 1000 mL
L= label claim (mg/Tablet)
VS= volume of the Sample solution withdrawn from the Buffer stage medium (mL)

Tolerances 
Acid stage:  NMT 10% of the labeled amount of paroxetine (C19H20FNO3) is dissolved in 2

h.
Buffer stage:  See Table 1.

Table 1

Time
point

(i)
Time

(h)

Amount Dissolved
(Tablets labeled to contain

25 mg of paroxetine)

Amount Dissolved
(Tablets labeled to contain

37.5 mg of paroxetine)

1 2 10%–30% 20%–45%
2 4 40%–70% 60%–85%
3 12 NLT 80% NLT 80%

The cumulative percentages of the labeled amount of paroxetine (C19H20FNO3) dissolved

at the times specified conform to Acceptance Table 2 in Dissolution 711 .
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•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Solution A:  Tetrahydrofuran, water, and trifluoroacetic acid (20:180:1)
Solution B:  Acetonitrile, tetrahydrofuran, and trifluoroacetic acid (180:20:1)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
30 80 20
50 20 80
60 20 80
70 80 20
80 80 20

System suitability solution:  1 mg/mL of USP Paroxetine Hydrochloride RS, 0.1 mg/mL of
USP Paroxetine System Suitability Mixture A RS, and 1 mg/mL of USP Paroxetine Related
Compound F RS in methanol. [Note—Sonication may be used to aid dissolution of the
individual components.]

Standard solution:  0.01 mg/mL of USP Paroxetine Hydrochloride RS in methanol
Sample solution:  Nominally 1 mg/mL of paroxetine from NLT 10 Tablets prepared as

follows. Transfer a suitable number of Tablets to a suitable volumetric flask. Add 50% of
the flask volume of methanol. Sonicate for 30 min followed by stirring for 30 min. Dilute
with methanol to volume. Mix, and centrifuge. Use the clear centrifugate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 285 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 3 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.5 between paroxetine related compound A and paroxetine related
compound B; NLT 1.5 between paroxetine related compound F and paroxetine, System
suitability solution

Tailing factor:  NMT 2.0% for paroxetine, Standard solution
Relative standard deviation:  NMT 5.0% for paroxetine, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Paroxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of paroxetine in the Sample solution (mg/mL)
Mr1= molecular weight of paroxetine free base, 329.4
Mr2= molecular weight of paroxetine hydrochloride, 365.8

Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Paroxetine related compound Aa 0.67 —

Paroxetine related compound Ba 0.75 —

Paroxetine related compound Fa 0.90 —
Paroxetine 1.0 —

Ethoxyparoxetineb 1.2 0.2
Any unspecified degradation product — 0.2
Total impurities — 0.5

a  Process impurities, included for identification only.
b  (3R,4R)-3-(1,3-Benzodioxol-5-yloxy)methyl)-4-(4-ethoxyphenyl)piperidine.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers at controlled room temperature.

•  USP Reference Standards 11
USP Paroxetine Hydrochloride RS 
USP Paroxetine Related Compound B RS 

trans-4-Phenyl-3-[(3,4-methylenedioxy)phenoxy]methylpiperidine hydrochloride; also
known as [piperidine, 3-[(1,3-benzodioxol-5-yloxy)methyl]-4-phenyl-, hydrochloride
(3S-trans)].    

USP Paroxetine Related Compound F RS 

trans( )-1-Methyl-3-[1,3-benzodioxol-5-yloxy)methyl]-4-(fluorophenyl)piperidine].     
C20H22FNO3      343.39

USP Paroxetine System Suitability Mixture A RS 
Mixture of approximately 1% paroxetine related compound A [piperidine, 3-[(1,3-
benzodioxol-5-yloxy)methyl]-4-(4-methoxyphenyl)-, hydrochloride (3S-trans)] and 1%
of paroxetine related compound B [piperidine, 3-[(1,3-benzodioxol-5-yloxy)methyl]-4-
phenyl-, hydrochloride (3S-trans)] in a matrix of paroxetine hydrochloride.    

BRIEFING
2S (USP37)
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Physostigmine, USP 36 page 4792. It is proposed to omit this monograph for the following
reasons:

1. This drug substance is not used in any drug product intended for human use
marketed in the United States.

2. This drug substance is not used in veterinary medicine in the United States.
Interested parties are invited to submit their comments by November 30, 2013.

(SM4: R. Ravichandran.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Physostigmine

C15H21N3O2       275.35 

Pyrrolo[2,3-b]indol-5-ol, 1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethyl-, methylcarbamate (ester),
(3aS-cis). 
Physostigmine. 

1,2,3,3a ,8,8a -Hexahydro-1,3a,8-trimethylpyrrolo[2,3-b]indol-5-yl methylcarbamate [[57-
47-6]].

» Physostigmine is an alkaloid usually obtained from the dried ripe seed of
Physostigma venenosum Balfour (Fam. Leguminosae). It contains not less
than 97.0 percent and not more than 102.0 percent of C15H21N3O2, calculated
on the dried basis.

Packaging and storage—Preserve in tight, light-resistant containers.

USP Reference standards 11 —
USP Physostigmine Salicylate RS

Identification—It meets the requirements of the test for Identification—Organic Nitrogenous

Bases 181 , USP Physostigmine Salicylate RS being used, and 1 g of sodium bicarbonate
being used in place of the 2 mL of 1 N sodium hydroxide specified.

Specific rotation 781S : between 236  and 246  ( = 365 nm).
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Test solution: 10 mg per mL, in methanol.

Loss on drying 731 —Dry it over silica gel for 24 hours: it loses not more than 1.0% of its
weight.

Residue on ignition 281 : negligible, from 100 mg.

Readily carbonizable substances 271 —Dissolve 100 mg in 5 mL of sulfuric acid: at the end of
5 minutes the solution has no more color than Matching Fluid I.

Assay—Dissolve about 175 mg of Physostigmine, accurately weighed, in 25 mL of chloroform.
Add 25 mL of glacial acetic acid, and titrate with 0.02 N perchloric acid in dioxane VS,
determining the endpoint potentiometrically. Perform a blank determination, and make any
necessary correction. Each mL of 0.02 N perchloric acid is equivalent to 5.507 mg of
C15H21N3O2.

BRIEFING

Physostigmine Sulfate, USP 36 page 4794. It is proposed to omit the monograph for the
following reasons:

1. This drug substance is not used in the United States for any drug product intended
for human use.

2. This drug substance is not used in veterinary medicine in the United States.

(SM4: R. Ravichandran.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Physostigmine Sulfate
(C15H21N3O2)2·H2SO4       648.77 

Pyrrolo[2,3-b]indol-5-ol, 1,2,3,3a,8,8a-hexahydro-1,3a,8-trimethyl-, methylcarbamate (ester),
(3aS-cis)-, sulfate (2:1). 
Physostigmine sulfate (2:1) [[64-47-1]].

» Physostigmine Sulfate contains not less than 97.0 percent and not more
than 102.0 percent of (C15H21N3O2)2·H2SO4, calculated on the dried basis.

Packaging and storage—Preserve in tight, light-resistant containers.

USP Reference standards 11 —
USP Physostigmine Salicylate RS

Identification—

A: It responds to the Identification test under Physostigmine.

B: A solution (1 in 100) responds to the tests for Sulfate 191 .

Specific rotation 781S : between 116  and 120 .

2S (USP37)
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Test solution: 10 mg per mL, in water.

Loss on drying 731 —Dry it at 105  to constant weight: it loses not more than 1.0% of its
weight.

Residue on ignition 281 : negligible, from 100 mg.

Readily carbonizable substances 271 —Dissolve 100 mg in 5 mL of sulfuric acid: at the end of
5 minutes the solution has no more color than Matching Fluid I.

Assay—Dissolve about 200 mg of Physostigmine Sulfate, accurately weighed, in 25 mL of
water. Render the solution alkaline by the addition of about 1 g of sodium bicarbonate, and
extract with one 25-mL and five 10-mL portions of chloroform, each time shaking vigorously for
1 minute. Filter each extract through glass wool. Add 15 mL of glacial acetic acid and 10 mL of
acetic acid anhydride to the combined chloroform extracts, and titrate with 0.02 N perchloric
acid VS, determining the endpoint potentiometrically. Perform a blank determination, and make
any necessary correction. Each mL of 0.02 N perchloric acid is equivalent to 6.488 mg of
(C15H21N3O2)2·H2SO4.

BRIEFING

Physostigmine Sulfate Ophthalmic Ointment, USP 36 page 4794. It is proposed to omit
this monograph for the following reasons. No drug products formulated as defined under
Physostigmine Sulfate Ophthalmic Ointment are currently marketed in the United States. The
drug product is not used currently in veterinary medicine in the United States.

(SM4: R. Ravichandran.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Physostigmine Sulfate Ophthalmic Ointment

» Physostigmine Sulfate Ophthalmic Ointment contains not less than 90.0
percent and not more than 110.0 percent of the labeled amount of
(C15H21N3O2)2·H2SO4. It is sterile.

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Physostigmine Salicylate RS

Identification—

A: Place about 20 g of Ophthalmic Ointment in a beaker, add about 25 mL of water, and heat
gently on a steam bath, with continuous stirring, until the ointment base has melted. Cool to
congeal the ointment base, and decant the aqueous solution through a filter into a separator.
Draw off a 2-mL portion, and reserve for Identification test B: the solution in the separator

meets the requirements of the test for Identification—Organic Nitrogenous Bases 181 , USP
Physostigmine Salicylate RS being used, and 1 g of sodium bicarbonate being used in place of
the 2 mL of 1 N sodium hydroxide specified.

2S (USP37)
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B: A 2-mL portion of the aqueous solution obtained in Identification test A responds to the

tests for Sulfate 191 .

Sterility 71 : meets the requirements.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay—

0.05 M Ammonium acetate and Mobile phase— Prepare as directed in the Assay under
Physostigmine Salicylate Injection.

Standard preparation— Dissolve an accurately weighed quantity of USP Physostigmine
Salicylate RS in acetonitrile, and dilute quantitatively, and stepwise if necessary, with
acetonitrile, to obtain a solution having a known concentration of about 40 µg per mL.

Assay preparation— Transfer an accurately weighed quantity of Ophthalmic Ointment,
equivalent to about 3 mg of physostigmine sulfate, to a 60-mL separator. Add 20 mL of
spectrophotometric grade n-hexane, and extract with four 20-mL portions of acetonitrile.
Collect the acetonitrile extracts in a 100-mL volumetric flask, dilute with acetonitrile to volume,
and mix.

Chromatographic system (see Chromatography 621 )— Proceed as directed for
Chromatographic system in the Assay under Physostigmine Salicylate Ophthalmic Solution.

Procedure— Proceed as directed for Procedure in the Assay under Physostigmine Salicylate
Injection. Calculate the quantity, in mg, of (C15H21N3O2)2·H2SO4 in the portion of the
Ophthalmic Ointment taken by the formula:

(648.77 / 413.47)(0.05C)(rU / rS)

in which 648.77 and 413.47 are the molecular weights of physostigmine sulfate and
physostigmine salicylate, respectively, C is the concentration, in µg per mL, of USP
Physostigmine Salicylate RS in the Standard preparation.

BRIEFING

Pindolol, USP 36 page 4803. It is proposed to revise the monograph as follows:
Replace Identification test B, based on UV absorption, with an Identification test B

based on the retention time agreement in accordance with the Assay.
Delete the test for Melting Range or Temperature.
Include monograph format changes to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C133999

Comment deadline: November 30, 2013
Pindolol

2S (USP37)
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C14H20N2O2       248.32 

2-Propanol,1-(1H-indol-4-yloxy)-3-(1-methylethyl)amino-;     
1-(Indol-4-yloxy)-3-(isopropylamino)-2-propanol     [13523-86-9].

DEFINITION

Pindolol contains NLT 98.5% and NMT 101.0% of pindolol (C14H20N2O2), calculated on the dried
basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Sample solution: 20 µg/mL in hydrochloric acid in methanol (1 in 1200)

Change to read:
•  C.

B.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Acetonitrile and 0.05 M sodium acetate, previously adjusted with glacial
acetic acid to a pH of 5.0 (350:650)

System suitability solution:  0.005 mg/mL each of USP Pindolol RS and indole in Mobile
phase

Standard stock solution:  1 mg/mL of USP Pindolol RS in Mobile phase prepared as follows.
To a suitable amount of USP Pindolol RS, add Mobile phase to fill about 90% of the total
volume, and sonicate for about 5 min to dissolve.

Standard solution:  0.1 mg/mL of USP Pindolol RS from Standard stock solution in Mobile
phase

Sample stock solution:  1 mg/mL of Pindolol in Mobile phase prepared as follows. To a
suitable amount of Pindolol, add Mobile phase to fill about 90% of the total volume, and
sonicate for about 5 min to dissolve.

Sample solution:  0.1 mg/mL of Pindolol from Sample stock solution in Mobile phase

2S (USP37)

2S (USP37)
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 219 nm
Column:  4.6-mm × 15-cm; 3-µm packing L10
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for indole and pindolol are 0.5 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 7 between indole and pindolol
Column efficiency:  NLT 3000 theoretical plates for pindolol
Relative standard deviation:  NMT 2% for pindolol

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of pindolol (C14H20N2O2) in the portion of Pindolol taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for pindolol from the Sample solution
rS= peak response for pindolol from the Standard solution
CS= concentration of USP Pindolol RS in the Standard solution (mg/mL)
CU= concentration of Pindolol in the Sample solution (mg/mL)

Acceptance criteria:  98.5%–101.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities

Mobile phase, System suitability solution, Chromatographic system, and System
suitability:  Prepare as directed in the Assay. [Note—Decreasing the acetonitrile
concentration in Mobile phase results in less resolution between pindolol and impurities
that elute on the tail of the pindolol peak; increasing the acetonitrile concentration results
in less resolution between impurities with longer retention times.]

Sample solution:  Use the Sample stock solution in the Assay.
Analysis 

Samples:  System suitability solution and Sample solution

Calculate the percentage of each impurity in the portion of Pindolol taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area response of each impurity from the Sample solution
rS= peak area response for pindolol from the System suitability solution
CS= concentration of USP Pindolol RS in the System suitability solution (mg/mL)
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CU= concentration of Pindolol in the Sample solution (mg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.5%
Total impurities:  NMT 2.0%

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 169 –173 , but the range between beginning and

end of melting does not exceed 3  

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light.

•  USP Reference Standards 11
USP Pindolol RS 

BRIEFING

Prednisolone Sodium Phosphate Compounded Oral Solution. Because there is no existing
USP monograph for a compounded oral solution containing 10 mg/mL of prednisolone, a new
monograph is being proposed. The liquid chromatographic procedure in the Assay is based on
an analysis validated using the Gemini brand of column that contains 5-µm packing L1. The
typical retention time for prednisolone is about 11.3 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C128239

Comment deadline: November 30, 2013

Add the following:
Prednisolone Sodium Phosphate Compounded Oral Solution

DEFINITION

Prednisolone Sodium Phosphate Compounded Oral Solution contains NLT 90.0% and NMT
110.0% of the labeled amount of prednisolone (C21H28O5). Prepare Prednisolone Sodium
Phosphate Compounded Oral Solution 10 mg/mL as follows (see Pharmaceutical Compounding—

Nonsterile Preparations 795 ).

Prednisolone (as Sodium Phosphate) Powder 1 g (1.34 g)

Purified Water
A small
amount

Vehicle: a 1:1 mixture of Cherry Syrupa and Ora-Sweetb, a sufficient quantity
to make 100 mL

2S (USP37)
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a  Humco, Texarkana, TX.
b  Perrigo Pharmaceuticals, Allegan, MI. 

Pour the weighed Prednisolone Sodium Phosphate Powder into a suitable container. Wet the
powder with a small amount of Purified Water, and triturate to make a smooth paste. Add the
Vehicle to make the contents pourable. Transfer the contents, stepwise and quantitatively, to
a calibrated container. Add sufficient Vehicle to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

Solution A:  Dissolve 2.0 g of 1-pentanesulfonic acid sodium in 1000 mL of water.
Solution B:  Mix 980 mL of Solution A with 20 mL of tetrahydrofuran. Adjust with phosphoric

acid to a pH of 2.0.
Mobile phase:  Methanol and Solution B (45:55)
Standard solution:  0.4 mg/mL of prednisolone prepared from USP Prednisolone Sodium

Phosphate RS in Solution B
Sample solution:  Shake each bottle of Oral Solution thoroughly. Transfer 1.0 mL of Oral

Solution to a 25-mL volumetric flask, dilute with Solution B to volume, and mix well.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 246 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for prednisolone is about 11.3 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of prednisolone (C21H28O5) in the portion
of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of prednisolone from the Sample solution
rS= peak response of prednisolone from the Standard solution
CS= concentration of prednisolone in the Standard solution (mg/mL)
CU= nominal concentration of prednisolone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS
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•  pH 791 : 3.9–4.9

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at 2 –8  or at controlled room temperature

•  USP Reference Standards 11
USP Prednisolone Sodium Phosphate RS 

BRIEFING

Ramipril, USP 36 page 5005. As a part of USP monograph modernization efforts, it is proposed
to add an orthogonal Identification test B based on the retention time agreement in
accordance with the Assay. In addition, the nonspecific Melting Range or Temperature test
is deleted as the other tests in the monograph can adequately monitor the quality of the
drug substance. The monograph is also updated to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C131956

Comment deadline: November 30, 2013
Ramipril

C23H32N2O5       416.51 

Cyclopenta[b]pyrrole-2-carboxylic acid, 1-[2-[[1-(ethoxycarbonyl)-3-phenylpropyl]amino]-1-

oxopropyl]octahydro-, [2S-[1[R*(R*)],2 ,3a ,6a ]]-;     
(2S,3aS,6aS)-1-[(S)-N-[(S)-1-Carboxy-3-phenylpropyl]alanyl]octahydrocyclopenta[b]pyrrole-
2-carboxylic acid, 1-ethyl ester     [87333-19-5].

DEFINITION

Ramipril contains NLT 98.0% and NMT 102.0% of ramipril (C23H32N2O5), calculated on the dried
basis.

2S (USP37)
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IDENTIFICATION

Change to read:
•  

A.

Infrared Absorption 197K

Add the following:
•  B: The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Buffer:  0.1% solution of sodium dodecyl sulfate. Adjust with phosphoric acid to a pH of 2.4
± 0.1.

Mobile phase:  Acetonitrile and Buffer (450:550). Adjust with phosphoric acid to a pH of
2.75 ± 0.1.

System suitability solution:  0.2 mg/mL of USP Ramipril RS and 0.01 mg/mL of USP Ramipril
Related Compound A RS, in Mobile phase

Standard solution:  0.2 mg/mL of USP Ramipril RS in Mobile phase
Sample stock solution:  1 mg/mL of Ramipril prepared as follows. Dissolve 100 mg of

Ramipril in 10 mL of acetonitrile in a 100-mL volumetric flask, and dilute with Mobile phase
to volume.

Sample solution:  0.2 mg/mL of Ramipril in Mobile phase from Sample stock solution
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; packing L1
Flow rate:  1.8 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 2.0 between ramipril and ramipril related compound A
Column efficiency:  NLT 4000 theoretical plates for the ramipril peak
Relative standard deviation:  NMT 1.0% for ramipril peak

Analysis 
Samples:  Standard solution and Sample solution

Result = (rU/rS) × (CS/CU) × 100

rU= peak response for ramipril from the Sample solution
rS= peak response for ramipril from the Standard solution
CS= concentration of USP Ramipril RS in the Standard solution (mg/mL)
CU= concentration of Ramipril in the Sample solution (mg/mL)

2S (USP37)
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Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Limit of Palladium

Diluent:  Water and nitric acid (997:3)
Standard stock solution:   Dissolve 50 mg of palladium metal taken in a 100-mL volumetric

flask, in 9 mL of hydrochloric acid, and dilute with water to volume.
Standard solutions:  0.02, 0.03, and 0.05 µg/mL of palladium in Diluent from Standard

stock solution
Sample solution:  2 mg/mL of Ramipril in Diluent
Blank solution:  1.5 mg/mL of magnesium nitrate in Diluent
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  247.6 nm palladium emission line
Lamp:  Palladium hollow-cathode
Flame:  Air–acetylene
Injection volume:  20 µL each for the Standard solutions and Sample solution, and 10 µL

for the Blank solution
Analysis:  Concomitantly determine the absorbances of the Standard solutions, Sample

solution, and the Blank solution. Plot the absorbances of the Standard solutions versus
the concentration, in µg/mL, of palladium, and draw the straight line best fitting the three
plotted points. From the graph so obtained, determine the concentration, CP, in µg/mL, of
palladium in the Sample solution. 
Calculate the percentage of palladium in the portion of Ramipril taken:

Result = (CP/CR) ×100

CP= concentration of palladium in the Sample solution (µg/mL)
CR= concentration of Ramipril in the Sample solution (µg/mL)

Acceptance criteria:  20 ppm
•  Organic Impurities

Solution A:  2.0 g of sodium perchlorate in a mixture of 800 mL of water and 0.5 mL of
triethylamine. Adjust with phosphoric acid to a pH of about 3.6 ± 0.1, and add 200 mL of
acetonitrile.

Solution B:  2.0 g of sodium perchlorate in a mixture of 300 mL of water and 0.5 mL of
triethylamine. Adjust with phosphoric acid to a pH of about 2.6 ± 0.1, and add 700 mL of
acetonitrile.

System suitability solution:  0.5 mg/mL each of USP Ramipril RS, USP Ramipril Related
Compound A RS, USP Ramipril Related Compound B RS, USP Ramipril Related Compound C
RS, and USP Ramipril Related Compound D RS in Solution B

Standard solution:  5 µg/mL of USP Ramipril RS in Solution B
Sample solution:  1 mg/mL of Ramipril in Solution A. Keep the Sample solution cold until

injected.
Mobile phase:   See Table 1.

Table 1
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
6 90 10
7 75 25
20 65 35
30 25 75
40 25 75
45 90 10
55 90 10

[Note—Make adjustments at the 75:25 ratio stage, if necessary, to achieve elution of
ramipril 16–19 min after injection of the Standard solution.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.0-mm × 25-cm; 3-µm packing L1

Column temperature:  65
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sample solution
[Note—See Table 2 for relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between ramipril related compound A and ramipril, System
suitability solution

Tailing factor:  0.8–2.0 for ramipril, Sample solution
Relative standard deviation:  NMT 5.0% for ramipril, Standard solution
Retention time:  16–19 min, Sample solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each specified and any other impurity in the portion of
Ramipril taken:

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

rU= response of each individual peak from the Sample solution
rS= peak response for ramipril from the Standard solution
CS= concentration of USP Ramipril RS in the Standard solution (mg/mL)
CU= concentration of Ramipril in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Ramipril related compound A 0.8 1.0 0.5
Ramipril 1.0 — —
Ramipril related compound B 1.3 1.0 0.5
Ramipril related compound C 1.5 0.42 0.5
Ramipril related compound D 1.6 1.0 0.5
Any other individual impurity — — 0.1
Total impurities — — 1.0

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 105 –112  

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL, in 0.1 M methanolic hydrochloric acid

Acceptance criteria:  +32.0  to +38.0 , at 20

•  Loss on Drying 731

Analysis:  Dry under vacuum at a pressure not exceeding 5 mm of mercury at 60  for 6 h.
Acceptance criteria:  NMT 0.2%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Ramipril RS 
USP Ramipril Related Compound A RS  

((2S,3aS,6aS)-1-[(S)2-[[(S)-1-(Methoxycarbonyl)-3-phenylpropyl]amino]-1-
oxopropyl]-octahydrocyclopenta[b]pyrrole-2-carboxylic acid).     
C22H30N2O5      402.48

USP Ramipril Related Compound B RS  
((2S,3aS,6aS)-1-[(S)2-[[(S)-1-(Methylethoxy)carbonyl-3-phenylpropyl]amino]-1-
oxopropyl]-octahydrocyclopenta[b]pyrrole-2-carboxylic acid).     
C24H34N2O5      430.54

USP Ramipril Related Compound C RS  
(2S,3aS,6aS)-1-[(S)2-[[(S)1-Ethoxycarbonyl-3-cyclohexyl propyl]amino]-1-oxopropyl]-
octahydrocyclopenta[b]pyrrole-2-carboxylic acid.     
C23H38N2O5      422.56

USP Ramipril Related Compound D RS  
Ethyl (2S)2-[(3S,5aS,8aS, 9aS)-3-methyl-1,4-dioxodecahydro-1H-
cyclopenta[e]pyrrolo[1,2-a]pyrazin-2-yl]-4-phenyl-butanoate.     
C23H30N2O4      398.50

BRIEFING

Safflower Oil, USP 36 page 5097. As part of the USP monograph modernization effort, it is

2S (USP37)
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proposed to make the following changes:

1. Add a CAS number, and update the Definition to allow a suitable additive.
2. Add Identification test A based on the test for Fatty Acid Composition.
3. Add Identification test B based on the newly proposed general chapter Identification of

Fixed Oils by Thin-Layer Chromatography 202  in PF 39(1) [Jan.–Feb. 2013].
4. Update the specification for Fatty Acid Composition.
5. Delete the specification for Iodine Value.
6. Add a specification for Alkaline Impurities.
7. Add a specification for Water Determination.
8. Update the Packaging and Storage section.

9. Add the USP Reference Standards 11  section containing USP Safflower Oil RS.

(EXC: H. Wang.)
Correspondence Number—C133687

Comment deadline: November 30, 2013
Safflower Oil

Add the following:
[8001-23-8]

.

DEFINITION

Change to read:

Safflower Oil is the refined fixed oil yielded by the seed of Carthamus tinctorius L. (Fam.
Compositae).
A suitable antioxidant may be added.

IDENTIFICATION

Add the following:

•  A. It meets the requirements in Fats and Fixed Oils, Fatty Acid Composition 401 .

Add the following:
•  B. It meets the requirements of the test in Identification of Fixed Oils by Thin-Layer

Chromatography 202 . 

IMPURITIES

Add the following:
•  Alkaline Impurities

Sample:  10 mL of Safflower Oil
Analysis:  Mix 10 mL of freshly opened acetone and 0.3 mL of water, and add 0.05 mL of

bromophenol blue TS. Add the Sample, shake, and allow to stand. Titrate with 0.01 N
hydrochloric acid VS to change the color of the upper layer to yellow.

Acceptance criteria:  NMT 0.1 mL of 0.01 N hydrochloric acid is required.

2S (USP37)
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•  Heavy Metals, Method II 231 : NMT 10 µg/g

SPECIFIC TESTS

•  Fats and Fixed Oils, Acid Value (Free Fatty Acids) 401 : The free fatty acids in 10 g
require for neutralization NMT 2.5 mL of 0.020 N sodium hydroxide.

Delete the following:
•  Fatty Acid Composition

1 N methanolic potassium hydroxide solution: Dissolve 34 g of potassium hydroxide in
sufficient methanol to produce 500 mL. Allow to settle for 24 h, and decant the clear
solution.

Sample solution: Place 1 g of Safflower Oil in a small conical flask fitted with a reflux
attachment. Add 10 mL of methanol and 0.5 mL of 1 N methanolic potassium hydroxide
solution. Reflux the mixture for 10 min, cool, transfer to a separator with the aid of 15 mL
of n-heptane, shake with 10 mL of saturated sodium chloride solution, and allow to
separate. Transfer the lower layer to another separator, and shake it with 10 mL of n-
heptane. Wash the combined organic layers with 10 mL of water, dry over anhydrous
sodium sulfate, and filter. Use a suitable portion of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.5-m; packed with 10% liquid phase G4 on support S1A

Column temperature: 175
Carrier gas: Nitrogen

Analysis 
Sample: Sample solution

Inject a suitable volume into the chromatograph, and measure the 4 main peak areas of
the methyl esters of the fatty acids. The order of elution is palmitate, stearate, oleate,
and linoleate. 
Calculate the percentage of palmitate, stearate, oleate, and linoleate in the portion of
Safflower Oil taken:

Result = (A/B) × 100

A= peak area of palmitate, stearate, oleate, or linoleate
B= total area of the 4 main peaks

Acceptance criteria: See Table 1.

Table 1

 Percentage 
(%)

Palmitate 2–10
Stearate 1–10
Oleate 7–42
Linoleate 72–84
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Add the following:

•  Fats and Fixed Oils, Fatty Acid Composition 401
Standard solution, System suitability solution, Chromatographic system, and System

suitability:  Proceed as directed in Fats and Fixed Oils 401 , Fatty Acid Composition.
1 N methanolic potassium hydroxide solution:  Dissolve 34 g of potassium hydroxide in

sufficient methanol to produce 500 mL. Allow to settle for 24 h, and decant the clear
solution.

Sample solution:  Place 1 g of Safflower Oil in a small conical flask fitted with a reflux
attachment. Add 10 mL of methanol and 0.5 mL of 1 N methanolic potassium hydroxide
solution. Reflux the mixture for 10 min, cool, and transfer to a separator with the aid of 15
mL of n-heptane. Shake with 10 mL of saturated sodium chloride solution, and allow to
separate. Transfer the lower layer to another separator, and shake it with 10 mL of n-
heptane. Wash the combined organic layers with 10 mL of water, dry over anhydrous
sodium sulfate, and filter. Use a suitable portion of the filtrate.

Analysis:  Inject a suitable volume into the chromatograph, and measure the nine main
peak areas of the methyl esters of the fatty acids. The order of elution is myristate,
palmitate, stearate, oleate, linoleate, linolenate, arachidate, eicosenoate, and behenate. 
Calculate the percentage of myristate, palmitate, stearate, oleate, linoleate, linolenate,
arachidate, eicosenoate, or behenate in the portion of Safflower Oil taken:

Result = (rU/rT) × 100

rU= peak area of myristate, palmitate, stearate, oleate, linoleate, linolenate, arachidate,
eicosenoate, or behenate

rT= total area of the nine peaks

Acceptance criteria:  It exhibits the composition profiles of fatty acids shown in Table 1.

Table 1

Carbon-Chain Length Number of Double Bonds
Percentage

(%)

14 0 1.0
16 0 2–10
18 0 1–10
18 1 8–21
18 2 68–83

18 3 1.5

20 0 0.5

20 1 0.5

22 0 1.0

Delete the following:

•  Fats and Fixed Oils, Iodine Value, Method II 401 : 135–150 

•  Fats and Fixed Oils, Unsaponifiable Matter 401 : NMT 1.5%

2S (USP37)
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Change to read:
•  Limit of Peroxide

Solvent A:  Chloroform and glacial acetic acid (40:60)
Potassium iodide solution:  Prepare a saturated solution of potassium iodide in freshly

boiled and cooled water, and store it protected from light. Discard the solution if it gives a
color on the addition of Solvent A and starch TS.

Sample:  10 g of Safflower Oil
Analysis:  Transfer the Sample to a conical flask, add 30 mL of Solvent A, and swirl to

dissolve. Add 0.5 mL of Potassium iodide solution, and swirl the flask for 1 min, accurately
timed. Add 30 mL of water, and titrate with 0.01 N sodium thiosulfate VS, with vigorous
agitation, to a light yellow color. Add 0.5 mL of starch TS, and continue the titration until
the blue color has disappeared. Perform a blank test, and make any necessary correction. 
Calculate the peroxide content, in mEq/kg, in the portion of Safflower Oil taken:

Result =
[(V × N)/W] × F

V= volume of sodium thiosulfate required in the titration (mL)
N= normality of the sodium thiosulfate VS
W= weight of Safflower Oil taken (g)
F= conversion factor, 1000 g/kg

Acceptance criteria:  NMT 10.0

Add the following:

•  Water Determination, Method Ic 921 : NMT 0.1% 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight, light-resistant containers,
and prevent exposure to excessive heat.

Add the following:
•  Labeling: Label it to indicate the name and concentration of any additive. 

Add the following:

•  USP Reference Standards 11
USP Safflower Oil RS

BRIEFING

Construct Human Fibroblasts in Polyglactin Scaffold, USP 36 page 3155. The following
revisions are proposed:

1. Change the previous title, Cryopreserved Human Fibroblast-Derived Dermal Substitute,
to Construct Human Fibroblasts in Polyglactin Scaffold to align with the current
naming scheme for tissue-based product monographs.

2. Delete the functionality claims not supported by proper test methods.
3. Modify the monograph format to reflect current USP style.
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(BIO2: R. Potts.)
Correspondence Number—C134105

Comment deadline: November 30, 2013

Change to read:
Cryopreserved Human Fibroblast-Derived Dermal Substitute

Construct Human Fibroblasts in Polyglactin Scaffold

(Monograph title change—to become official December 1, 2014)

DEFINITION

Change to read:

Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

is a living monolayer skin substitute derived from neonatal foreskins. It is composed of
fibroblasts, an extracellular matrix, and a bioabsorbable scaffold. Human fibroblasts are seeded
onto a bioabsorbable, nonantigenic and nonpyrogenic mesh scaffold composed of polyglactin, a
copolymer of glycolide and lactide. The fibroblasts proliferate to fill the interstices of this
scaffold to create a three-dimensional human dermal substitute that secretes human dermal
collagen, matrix proteins, growth factors, and cytokines. Cryopreserved Human Fibroblast-
Derived Dermal Substitute does not contain macrophages, lymphocytes, blood vessels, hair
follicles, muscle fibers, or keratin.

The fibroblast-cell banks, from which Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

are derived test negative for human and animal viruses and retroviruses and are also tested for
normal cell morphology, human karyology, and isoenzymes
have passed applicable donor eligibility requirements for relevant communicable diseases.

Maternal blood sera are tested for evidence of infection with human immunodeficiency virus
types 1 and 2, hepatitis B and C viruses, syphilis, and human T-lymphotropic virus type 1 and
are found negative for the purpose of donor selection. Cryopreserved Human Fibroblast-Derived
Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

is manufactured with sterile components under aseptic conditions within the final package.
Reagents used in the manufacture of Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

are tested and found free of viruses, retroviruses, endotoxins, and mycoplasma before use. All
materials derived from bovine sources originate from countries free of bovine spongiform
encephalopathy. During subsequent screening of the fibroblast cell strain at various stages in
the manufacturing process, testing for these same viruses, as well as Epstein-Barr virus and
human T-lymphotropic virus type 2, is carried out and found to be negative. The final product
tests negative for the presence of mycoplasma.
The final product is inspected and tested to ensure that the product meets specifications.
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SPECIFIC TESTS

Change to read:
•  Histological Evaluation

Buffered formalin:  Prepare a solution containing 10% (w/v) formaldehyde solution and
1.0%–1.5% methanol in a suitable buffer, adjusted to a pH of 6.8–7.2.1

Preparation of tissue for staining:  Cut Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

into 3-mm × 3-mm sections. Place three sections into suitable histological tissue
cassettes,2 and insert the cassettes into suitable histological cassette basket(s).3 At a

temperature of 40 , sequentially immerse the histological cassette basket(s) in separate
solutions of Buffered formalin (2 h), two changes of 80% alcohol (30 min/step), alcohol
(30 min), three changes of dehydrated alcohol (30 min/step), suitable histological xylene
substitute (30 min),4 and two changes of suitable xylene substitute (30 min/step).
Immerse the histological cassette basket(s) into molten paraffin5 that is at a temperature

of 60  for 30 min. Remove the cassette basket(s), and immerse in a fresh container of

molten paraffin at 60  for 60 min. Remove the histological tissue cassette from the
container and basket, and disassemble. Fill preheated embedding molds with molten

paraffin heated to 56 –60 , and place on top of a preheated warming platform that is
designed for histology work. Transfer Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

specimens from the cassettes using forceps, and place specimens into individual molds.
Orient the specimens in molds so as to cut cross-sections. Cool the paraffin by sliding the
mold down the platform to its cool side until the paraffin has solidified. Maintain specimen
orientation with forceps during cooling, removing the forceps when the paraffin becomes
translucent. Slide the paraffin block onto a histological cold plate to rapidly cool the block.
Trim the paraffin block with a new single-edged razor blade to form a rectangle or slight

trapezoid to within 5 mm of the tissue mass, if necessary. Cool the block at 4  for 15–30
min. Clamp the tissue block into the block holder of the microtome. Fill a histological tissue
flotation water bath with fresh water, add an appropriate amount of a suitable histological

adhesive,6 and heat to 5  less than the melting point of the paraffin. Properly mount and
adjust the tissue and paraffin block into a microtome. Set the microtome to make cuts 5-

µm thick with a blade angle of 5 ± 2 . Insert a sharp stainless steel microtome knife that
has been properly honed or a new disposable microtome knife into the knife holder. Cut a
ribbon that contains 6–10 sections of Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold.

Pick up the ribbon with forceps, and stretch it across the tissue flotation water bath.
Separate 2–3 adjacent sections from the ribbon on the water bath. The selected sections
should not be compressed, wrinkled, or scratched. Pick up the selected sections by
dipping a microscope slide into the water bath under the floating sections, and gently lift
the slide out of the water. For each staining procedure, prepare three slides from each of
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the three starting Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

3-mm × 3-mm sections. Allow the mounted sections to air-dry completely, or dry the slide

in a 60  oven for 1 h.
Hematoxylin–eosin staining 

Hematoxylin–alcohol solution:  Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated
alcohol with heating.

Potassium alum solution:  Dissolve 50.0 g of potassium alum in 500 mL of water with
heating.

Hematoxylin staining solution:  Mix Hematoxylin–alcohol solution and Potassium alum
solution. Bring to a boil as rapidly as possible with constant stirring. Do not heat for
more than 1 min. Slowly add 0.185 g of sodium iodate. Reheat to a simmer until the
solution becomes a deep purple. Remove from heat, and quickly cool. Filter daily before
use.

10% Acid alcohol:  Add 5.0 mL of hydrochloric acid to 495 mL of 70% alcohol.
Eosin solution:  Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in

Preparation of tissue for staining, in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), running tap water rinse (1 min), Hematoxylin staining solution (4–5 min),
running tap water rinse (1 min), 10% acid alcohol (15 s), running tap water rinse (1
min), a suitable bluing reagent7 (20–30 s), running tap water rinse (1 min), alcohol (20
s), Eosin solution (10–20 s, until a reddish-brown color is obtained in the tissue), three
changes of dehydrated alcohol (10 s/step), and three changes of a suitable histological
xylene substitute (10 s/step). Adjust the above immersion times as needed to suitably
stain the tissue. Remove the slide from the last histological xylene substitute wash, and
blot dry the back of the slide. Do not allow the tissue to dry. Affix a coverslip over the
tissue using a coverslip mountant.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

Reference Photomicrograph 1
8

for comparison, the test article shows a polyglactin scaffold mesh and a secreted
collagen-based matrix; the tissue contains normal human fibroblast distributed
throughout the secreted matrix and resembles normal human papillary dermis. Fibroblasts
appear elongated and spindle-shaped. The tissue, which is 100–300 µm thick, contains
106 cells/cm2.

Collagen staining 
Bouins's solution:  Mix 75 mL of 1.22% picric acid solution, 25 L of dimethoxymethane,

and 5.0 L of acetic acid.
Weigert's iron hematoxylin solution A:  Dissolve 1 g of hematoxylin in 100 mL of alcohol
Weigert's iron hematoxylin solution B:  Mix 4.0 mL of 29% ferric chloride, 95.0 mL of

water, and 1.0 mL of hydrochloric acid.
Weigert's iron hematoxylin working solution:  Mix equal volumes of Weigert's iron

hematoxylin solution A and Weigert's iron hematoxylin solution B. Pass the solution
through a filter of 0.45-µm pore size. Prepare fresh as needed.
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Gomori's trichrome solution:  Mix 1.0 mL of acetic acid and 100 mL of water. Dissolve
0.6 g of chromotrope 2R, 0.3 g of Fast Green FCF, and 0.6 g of phosphotungstic acid.

1% Acetic acid:  1 mL of acetic acid and 100 mL of water
Dilute 1 mL of glacial acetic acid with water to make 100mL of solution.

Analysis:  The microscope slide with affixed tissue, as prepared in Preparation of tissue
for staining, is sequentially immersed in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), and running tap water rinse (1 min). Immerse the slide in Bouins's

solution, and place in a 42  water bath for 1 h. Rinse the slide in water for 10 s.
Sequentially immerse the slide in Weigert's iron hematoxylin working solution (10 min)
and running tap water rinse (10 min). Rinse the slide in water for 10 s, and immerse in
Gomori's trichrome solution (3–5 min). Rinse the slide in 1% acetic acid for 20 s.
Sequentially immerse the slide in three changes of alcohol (10 s/step) and three
changes of a suitable histological, aliphatic xylene substitute (10 s/step). Affix a
coverslip over the tissue using a suitable coverslip mountant. Nuclei will stain black;
cytoplasm, keratin, and muscle fibers will stain red; and collagen and mucin will stain
blue.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

Reference Photomicrograph 2 for comparison, the tissue contains normal human fibroblast
distributed throughout the secreted matrix and resembles normal human papillary;
dermis, muscle fibers, and keratin are absent.

Distribution of fibronectin 
Tris-saline buffer:  Prepare a solution containing 0.1 M tris–

(hydroxymethyl)aminomethane hydrochloride and 0.15 M sodium chloride, adjusted to a
pH of 7.8.

3% Hydrogen peroxide:  
Dilute

30 mL of hydrogen peroxide with water or methanol
Diaminobenzidine solution:  Use a suitable solution.9

Hematoxylin staining solution:  Prepare as directed for Hematoxylin–eosin staining.
Analysis:  The microscope slide with affixed tissue as prepared in Preparation of tissue for

staining is dried either overnight at 37  or for 1 h at 60 . The microscope slide with
affixed tissue as prepared in Preparation of tissue for staining is sequentially immersed in
three changes of a suitable histological, aliphatic xylene substitute (2 min/step), three
changes of dehydrated alcohol (1 min/step), alcohol (20 s), and running tap water rinse
(1 min). Sequentially immerse the slide in Tris-saline buffer (10 min), 3% hydrogen
peroxide (30 min), three changes of Tris-saline buffer (1 min/step), a suitable normal
rabbit serum10 (30 min), water (5 min), and three changes of Tris-saline buffer (1
min/step). Incubate the slide with a suitable solution of rabbit anti-human fibronectin
antibody,11 diluted using a suitable antibody diluent12 to an antibody titer
concentration

of 21.0 ± 2.1 mg/L for 1 h. Sequentially immerse the slide in water (5 min) and three
changes of Tris-saline buffer (1 min/step). Place enough drops of a biotinylated goat
anti-rabbit antibody solution13 to cover the tissue section, and incubate for 30 min.
Sequentially immerse the slide in water (5 min) and three changes of Tris-saline buffer
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(1 min/step). Place enough drops of a streptavidin conjugated horseradish peroxidase
solution14 to cover the tissue section, and incubate for 30 min. Sequentially immerse the
slide in water (5 min) and three changes of Tris-saline buffer (1 min/step). Incubate the
slide with Diaminobenzidine solution for 1–5 min, until a suitable difference in staining is
seen by comparison with a control in which the fibronectin (primary) antibody is omitted.
Sequentially immerse the slide in water (1 min), Hematoxylin staining solution (4–5 min),
and water (1 min). Do not allow the tissue to dry. Affix a coverslip over the tissue using
a low-viscosity, aqueous, synthetic-resin coverslip mountant.

Acceptance criteria:  Using USP Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

Reference Photomicrograph 3 for comparison, fibronectin is found colocalizing with the
collagen fibers. The intensity of staining may vary from region to region of the slide.

Change to read:
•  Metabolic Activity Assessment

DPBS solution A:  Dissolve 1.32 g of calcium chloride and 1.21 g of magnesium sulfate
heptahydrate in 2 L of water.

DPBS solution B:  Dissolve 80.0 g of sodium chloride, 2.0 g of potassium chloride, 11.5 g of
dibasic sodium phosphate, 2.0 g of monobasic potassium phosphate, 10.0 g of glucose,
0.36 g of sodium phosphate, 0.5 g of streptomycin sulfate, and 1,000,000 USP Units of
penicillin G sodium in 8 L water.

DPBS working solution:  Mix DPBS solution B with DPBS solution A (8:2). Pass the solution
through a filter of 0.22-µm pore size.

Dulbecco's modified Eagle's tissue culture medium:  Prepare a solution that contains
the components listed in Table 1.

Table 1

Component mg/L

Calcium chloride 264.9
Ferric nitrate nonahydrate 0.10
Potassium chloride 400.0
Magnesium sulfate heptahydrate 200.0
Sodium chloride 6,400.0
Sodium bicarbonate 3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose 4,500.0
Phenol red 15.0
Sodium pyruvate 110.0
l-Arginine hydrochloride 84.0
l-Cystine 48.0
Aminoacetic acid 30.0
l-Histidine hydrochloride monohydrate 42.0
l-Isoleucine 104.8
l-Leucine 104.8
l-Lysine hydrochloride 146.2
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l-Methionine 30.0
l-Phenylalanine 66.0
l-Serine 42.0
l-Threonine 95.2
l-Tryptophan 16.0
l-Tyrosine 72.0
l-Valine 93.6
d-Calcium pantothenate 4.0
Choline chloride 4.0
Folic acid 4.0
Inositol 7.0
Nicotinamide 4.0
Pyridoxine hydrochloride 4.0
Riboflavin 0.40
Thiamine hydrochloride 4.0

l-Glutamine solution:  Prepare a 100-mL solution containing 2.92 g of l-glutamine.
Sodium pyruvate solution:  Prepare 100 mL of a solution containing 1.10 g of sodium

pyruvate.
Antibiotic-antimycotic solution:  Prepare 100 mL of a solution containing 0.85 g of sodium

chloride, 10,000 USP Units of penicillin G sodium, 10,000 µg of streptomycin (base), and
25 µg of amphotericin B.

Assay stock medium:  Mix 1000 mL of Dulbecco's modified Eagle's tissue culture medium,
10 mL of l-Glutamine solution, 10 mL of Sodium pyruvate solution, 10 mL of Antibiotic-
antimycotic solution, and 20 mL of fetal bovine serum.15

MTT-assay solution:  Dissolve 0.50 g of 3-(4,5-dimethylthiazol-2–yl)-2,5-diphenyl
tetrazolium bromide in 1 L of Assay stock medium, using constant stirring. Sterilize the
solution by passing it through a filter of 0.2-µm pore size.

MTT formazan stock solution:  100 µg/mL of 1-(4,5-dimethylthiazol-2-yl)-3,5-
diphenylformazan in isopropyl alcohol.

MTT formazan calibration solutions:  Prepare calibration solutions of 15, 30, 45, 60, and
75 µg/mL of MTT formazan, using MTT formazan stock solution and diluting with isopropyl
alcohol.

Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34 –37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

unit. Cut three 11-mm × 11-mm sections of Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold,

and immerse the sections into separate, 3.0 mL portions of MTT-assay solution. Incubate

for 2 h at 37 ± 2  in a 3% to 7% CO2–air environment with shaking on an orbital shaker at

150–200 rpm. After incubation remove from the 37 , 3%–7% CO2–air environment.
Remove the MTT-assay solution, and rinse twice with DPBS working solution. Immerse the
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Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

in 2 mL of isopropyl alcohol, and incubate at ambient temperature for 1 h with shaking on an
orbital shaker at approximately 125 rpm. Transfer 200-µL aliquots of the five MTT
formazan calibration solutions, in triplicate, and 200-µL aliquots of the three isopropyl
alcohol extracts of Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

to a suitable 96-well flat-bottom plate. Read the absorbance of each aliquot at 540 nm,
using 200 µL of isopropyl alcohol as the blank. Plot the responses of the MTT formazan
calibration solutions versus concentration, in µg/mL of MTT formazan, and calculate the
regression line using the least-squares method.

System suitability:  The test is considered valid if the regression line has a square of
the correlation coefficient NLT 0.95.

Acceptance criteria:  The absorbance value of individual, thawed, Cryopreserved Human
Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

sections at 540 nm is between 0.30 and 0.86.

Change to read:
•  DNA Content

Cell culture water:  Sterile water containing NMT 0.005 USP Endotoxin Unit/mL
DNA extraction buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated

container. Dissolve 12.110 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of
edetate disodium, 23.380 g of sodium chloride, and 0.080 g of sodium dodecyl sulfate,
with stirring. Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to a pH of 7.0.
Dilute with Cell culture water to 1 L.

Proteinase K solution:  Prepare a solution of Tritirachium album proteinase K in 10 mM of
2-amino-2-hydroxymethyl-1,3-propanediol, adjusted to a pH of 7.5, having an activity of
600 units/mL.16

Working DNA extraction buffer:  Add 1.22 mL of Proteinase K solution to 38.78 mL of DNA
extraction buffer and mix.

Dilution buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated
container. Add 1.211 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of edetate
disodium, and 5.844 g of sodium chloride, with stirring. Adjust with 1 N hydrochloric acid or
1 N sodium hydroxide to a pH of 7.0. Dilute with Cell culture water to 1 L.

DPBS without Ca++, Mg++ solution:  Prepare a solution containing 8.00 g/L of sodium
chloride, 1.15 g/L of dibasic sodium phosphate (anhydrous), 0.20 g/L of potassium
chloride, and 0.20 g/L of monobasic potassium phosphate in water.

Calf thymus DNA solution:  Prepare a solution containing 1 mg/L of calf thymus DNA in
DPBS without Ca++, Mg++ solution, mixing thoroughly for 12–24 h at ambient temperature.
Dilute the resulting solution with DPBS without Ca++, Mg++ solution to prepare a solution
containing 50 µg/mL of calf thymus DNA, mixing thoroughly on a vortex mixer for 10 min.

Calf thymus DNA calibration solutions:  Prepare four calibration solutions containing 5,
10, 15, and 20 µg/mL of calf thymus DNA, using Calf thymus DNA solution and diluting with
DPBS without Ca ++, Mg++ solution.

DNA staining solution:  Prepare a solution containing 0.5 µg of 2¢-(4-hydroxyphenyl)-5-(4-
methyl-1-piperazinyl)-2,5¢-bi(1H-benzimidazole) trihydrochloride pentahydrate/mL of
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Dilution buffer. Store in low-actinic glassware.
Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34 –37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

unit. Cut three 11-mm × 11-mm sections of Cryopreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold.

To each of three microcentrifuge tubes add 1 mL of DPBS without Ca++, Mg++ solution.
Immerse a single Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

11-mm × 11-mm section into each microcentrifuge tube to remove the cryopreservative.
Aspirate the DPBS without Ca++, Mg++ solution from each tube, and replace with 1 mL of
Working DNA extraction buffer, making sure that each Cryopreserved Human Fibroblast-
Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

is completely submerged in the extraction buffer. Incubate the samples in a 56 –60  water
bath for 4–18 h. Sonicate for 10–15 s using an ultrasonic cell disrupter to achieve
complete cellular disruption of the tissue and to mix the contents of the tube. Centrifuge
the microcentrifuge tubes at 12,000–15,000 × g to pellet non-DNA material. Transfer
three 50-µL aliquots of each sample supernatant to individual wells of a 96-well black
plate suitable for performing fluorescent analysis. Transfer triplicate 50-µL aliquots of each
of the Calf thymus DNA calibration solutions to the 96-well plate, as well as a 50-µL
aliquot of DPBS working solution for the blank. Add 150 µL of DNA staining solution to all
wells containing the tissue samples, Calf thymus DNA calibration solutions, and the blank.

Cover with aluminum foil, and place in a dark cabinet for 30–45 min at 15 –30 . Read the
fluorescence of each well, using an excitation wavelength of 355 nm and an emission
wavelength of 460 nm, blanking against the DPBS without Ca ++, Mg++ solution well. 
Plot the responses of the Calf thymus DNA calibration solutions versus concentration, in
µg/mL of calf thymus DNA, and calculate the regression line using the least-squares
method. From the regression line so obtained, determine the amount of DNA in µg per
11mm × 11mm sample.
System suitability requirements:  The test is considered valid if the %CV of the

replicate values is less than 15%, the slope is between 4.48 and 6.27, the y-intercept is
between –2.04 and 3.65, and the square of the correlation coefficient is NLT 0.990.

Acceptance criteria:  The amount of DNA of individual Cryopreserved Human Fibroblast-
Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

11-mm × 11-mm section is between 6 and 15 µg.

Change to read:
•  Total Collagen Content

DPBS without Ca++, Mg++ solution:  8 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate in Cell culture water
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Prepare as directed for DNA Content.
DPBS with Ca++, Mg++ solution:  8.00 mg/mL of sodium chloride, 1.15 mg/mL of dibasic

sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate, 0.10 mg/mL of magnesium chloride hexahydrate, and
0.10 mg/mL of calcium chloride (anhydrous) in water

Collagenase extraction solution:  At least 250 Units/mL of Clostridium histolyticum
collagenase, type 2, in DPBS with Ca++, Mg++ solution

2% Acetic acid solution:  Mix 10 ml of acetic acid with 490 ml of water
Collagen standard stock solution:  2 mg/mL of collagen, type I, in 2% Acetic acid solution
Collagen calibration standards:  Cut polyglactin mesh17 into seventeen 11-mm × 11-mm

squares, and place one square into 17 individual wells of a 24-well plate. Each well of the
24-well plate has a surface area of 220 mm2 and a volume of 3.5 mL. In quadruplicate,
prepare wells containing 0.050, 0.100, 0.200, and 0.400 mg of collagen by adding 25, 50,
100, and 200 µL, respectively, of the Collagen standard stock solution. The remaining well
to which no Collagen standard stock solution has been added is used as the blank. Allow
the wells to air dry.

Sirius red solution:  1 mg/mL of Direct Red 80 in saturated picric acid
1% (p-tert-Octylphenoxy)polyethoxyethanol solution:  Mix 10 ml of (p-tert-

Octylphenoxy)polyethoxyethanol in 990 ml of DPBS with Ca++, Mg++ solution
Analysis:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34  and 37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Crypreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

unit. Cut three 11-mm × 11-mm sections of Crypreserved Human Fibroblast-Derived Dermal
Substitute
Construct Human Fibroblasts in Polyglactin Scaffold.

Place each test section into separate wells of a 24-well plate. Add 200 µL of 1% (p-tert-
Octylphenoxy) polyethoxyethanol solution to each sample. Shake on a rotating platform
shaker at 100–150 rpm for 60–70 min at room temperature. Aspirate off the 1% (p-tert-
Octylphenoxy)polyethoxyethanol solution, and rinse three times with 2 mL of DPBS without
Ca++, Mg++ solution. Transfer each of the collagen standards to individual wells of the
24-well plate. Add 0.5 mL of Sirius red solution to each test sample and collagen
standards. Shake on a rotating platform shaker at 100–150 rpm for 60 min at room
temperature. Aspirate off the Sirius red solution from each well. Rinse each well twice with
2 mL of DPBS without Ca++, Mg++ solution. Add an additional 2 mL of DPBS without Ca++,
Mg++ solution to each well, and allow to stand for 2 min. Aspirate off the DPBS without
Ca++, Mg++ solution, and rinse twice more with 2 mL of DPBS without Ca++, Mg++

solution. Aspirate off all traces of DPBS without Ca++, Mg++ solution. Add 0.5 mL of
Collagenase extraction solution to each well containing the Collagen calibration standards.
Add 2.0 mL of Collagenase extraction solution to each well containing test samples.

Rotate the plate on an orbital rotator at 150 rpm for 90 min at 37 . Transfer 200 µL from
each well, to a suitable 96-well, flat-bottom plate. Read the absorbance of each aliquot
at 540 nm. Dilute the Cryopreserved Human Fibroblast-Derived Dermal Substitute
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Construct Human Fibroblasts in Polyglactin Scaffold
sample preparation further with DPBS without Ca++, Mg++ solution if the absorbance is

greater than the absorbance of the highest of the Collagen calibration standards. Plot the
responses of the Collagen calibration standards versus the amount, in mg of collagen, and
calculate the regression line using the least-squares method. Determine the mg of
collagen/Crypreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

section from the regression line and using the following equation:

Result = D × A × SCSR

D = dilution factor (normally 4, unless the sample had to be further diluted)
A = absorbance at 540 nm
SCSR= slope of the regression line of the standards calculated above

System suitability requirements:  The test is considered valid if the slope of the
regression line is between 3.00 and 5.00 and the square of the correlation coefficient is
greater than or equal to 0.950.

Acceptance criteria:  The amount of collagen in individual Crypreserved Human Fibroblast-
Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

11- × 11-mm samples is 0.40–2.0 mg.

Change to read:

•  Sterility Tests 71
Sample solution:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to a

temperature of 34 –37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

unit.
Analysis:  Perform the test on 20 mL of the cryopreservative.
Acceptance criteria:  Meets the requirements

Change to read:

•  Bacterial Endotoxins Test 85
Sample:  Thaw Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to a

temperature of 34 –37  for 2–3 min. The minimum amount of water in the water bath is 2
L/Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

unit. Remove the unit from the ethyl vinyl acetate bag, and immerse in 25 mL of LAL
Reagent Water.

Analysis:  Extract for 60 min at 37  with shaking on an orbital shaker set at 125
revolutions/min. Remove a 4-mL aliquot of the extract for testing.
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Acceptance criteria:  It contains NMT 0.5 USP Endotoxin Unit/mL.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Cryopreserved Human Fibroblast-Derived Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

is aseptically packaged and supplied frozen in a clear ethyl vinyl acetate bag.containing one
piece of approximately 5 cm × 7.5 cm for a single application

The solution within the bag is a saline-based cryoprotectant supplemented with 10% dimethyl
sulfoxide and bovine serum to facilitate long-term storage. An aluminum–plastic foil
envelope surrounds the bag for its protection. Cryopreserved Human Fibroblast-Derived
Dermal Substitute

Construct Human Fibroblasts in Polyglactin Scaffold

should be stored at 75 ± 10  for no longer than 6 months.

Change to read:
•  Labeling: The label indicates the dimensions of the Cryopreserved Human Fibroblast-Derived

Dermal Substitute
Construct Human Fibroblasts in Polyglactin Scaffold

material enclosed. It contains the expiry date, the required storage conditions, and the lot
number. The label cautions that Cryopreserved Human Fibroblast-Derived Dermal Substitute

Construct Human Fibroblasts in Polyglactin Scaffold
is not to be used if the package shows signs of damage. Additional labeling requirements

include instructions on the proper thawing and handling of Cryopreserved Human
Fibroblast-Derived Dermal Substitute

Construct Human Fibroblasts in Polyglactin Scaffold,
the time frame for use after package opening, and a statement that cytotoxic agents are not

to be used.

Change to read:

•  USP Reference Standards, Authentic Visual References 11
USP Cryopreserved Human Fibroblast-Derived Dermal Substitute
USP Construct Human Fibroblasts in Polyglactin Scaffold 

Reference Photomicrographs
[Note—These three photomicrographs represent examples of passing units. They are specified

to assist in ascertaining histological quality.]

•  USP Reference Standards 11
USP Endotoxin RS

1  A suitable Buffered formalin can be obtained from VWR International, 1310 Goshen Pkwy., West Chester, PA
19380.

2 A suitable histological tissue cassette can be obtained from Sakura Finetek U.S.A., Inc., 1750 West 214th St.,
Torrance, CA 90501.

3  A suitable histological tissue cassette basket can be obtained from Sakura Finetek U.S.A., Inc., 1750 West
214th St., Torrance, CA 90501.

4  A suitable histological xylene substitute is C itrosolve® C learing Agent, available from Fisher Scientific, 200
Park Ln., Pittsburgh, PA 15275.
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5  A suitable paraffin for use is Tissue Prep* 2 Embedding Media, available from Fisher Scientific, 200 Park Ln.,
Pittsburgh, PA 15275.

6  A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from Poly Scientific
Research Corp., 70 C leveland Ave., Bay Shore, NY 11706-1282.

7  A suitable bluing reagent can be obtained from Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178.
8

  These photomicrographs are available as a CD from the USP Reference Standards collection, available to the
user through USP Customer Services. To order these and other Reference Standards, call 1-800-227-8772
(U.S. and Canada), +1-301-881-0666 or 00-800-4875-5555 (select Europe); or go online to www.usp.org.
Order item number 1535868.

9  A suitable Diaminobenzidine solution can be obtained from Sigma-Aldrich Corp., P.O. Box
14508, St. Louis, MO 63178; catalog number D-6815.
10  A suitable normal rabbit serum can be obtained from Dako Corp., 6392 Via Real, Carpinteria,
CA 93013.
11  Suitable rabbit anti-human fibronectin antibodies can be obtained from Dako Corp., 6392 Via
Real, Carpinteria, CA 93013.
12  Suitable antibody diluent can be obtained from Dako Corp., 6392 Via Real, Carpinteria, CA
93013.
13  Suitable biotinylated goat anti-rabbit antibody solution can be obtained from BioGenex,
4600 Norris Canyon Rd., San Ramon, CA 94583.
14  A suitable streptavidin conjugated horseradish peroxidase solution can be obtained from
BioGenex, 4600 Norris Canyon Rd., San Ramon, CA 94583.
15  A suitable fetal bovine serum can be obtained from HyClone, 925 West 1800 South, Logan,
UT 84321; catalog number SH30070.03.
16  A suitable Proteinase K solution can be obtained from Roche Diagnostics Corp., Roche
Applied Sciences, P.O. Box 50414, 9115 Hague Rd., Indianapolis, IN 46250-0414.
17  A suitable polyglactin mesh can be obtained from Ethicon Co., Johnson & Johnson Corp.,
425 Hoes Ln., P.O. Box 6800, Piscataway, NJ 08855.

BRIEFING

Construct Human Fibroblasts in Bilayer Synthetic Scaffold, USP 36 page 5146. The
proposed revisions are:

1. Change the previous title, Human Fibroblast Derived Temporary Skin Substitute, to
Construct Human Fibroblasts in Bilayer Synthetic Scaffold to align with the current
naming scheme for tissue-based product monographs.

2. Delete the functionality claims not supported by proper test methods.
3. The monograph format has been modified to reflect current USP style.

(BIO2: R. Potts.)
Correspondence Number—C134106

Comment deadline: November 30, 2013

Change to read:
Human Fibroblast-Derived Temporary Skin Substitute
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Construct Human Fibroblasts in Bilayer Synthetic Scaffold

(Monograph title change—to become official December 1, 2014)

DEFINITION

Change to read:

Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

is a nonliving monolayer skin substitute derived from neonatal foreskins. It is composed of
fibroblasts, an extracellular matrix, and a nylon mesh bonded to a transparent, semi-permeable
silicone membrane. Human fibroblasts are seeded onto the nylon mesh. The fibroblasts
proliferate within the nylon mesh and secrete human dermal collagen,

matrix proteins. growth factors, and cytokines.

Following freezing, no cellular metabolic activity remains. however, the tissue matrix and bound
growth factors remain. 
Human Fibroblast-Derived Temporary Skin Substitute does not contain macrophages,
lymphocytes, blood vessels, hair follicles, muscle fibers, or keratin.

The fibroblast-cell banks, from which Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

is derived, test negative for human and animal viruses and retroviruses, and are also tested for
normal cell morphology, human karyology, and isoenzymes. Maternal blood sera are tested for
evidence of infection with human immunodeficiency virus types 1 and 2, hepatitis B and C
viruses, syphilis, and human T-lymphotropic virus type 1, and are found negative for the
purpose of donor selection. 
Reagents used in the manufacture of Human Fibroblast-Derived Temporary Skin Substitute are
tested and found free from viruses, retroviruses, endotoxins, and mycoplasma before use.
Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

is manufactured with sterile components under aseptic conditions within the final package. All
materials derived from bovine sources originate from countries free of bovine spongiform
encephalopathy. During subsequent screening of the fibroblast cell strain at various stages in
the manufacturing process, testing for these same viruses, as well as Epstein-Barr virus and
human T-lymphotropic virus type 2, is carried out and found to be negative. The final product
tests negative for the presence of mycoplasma.
The final product is inspected and tested to ensure that the product meets specifications.

SPECIFIC TESTS

Change to read:
•  Histological Characterization

Buffered formalin:  Prepare a solution containing 10% (w/v) formaldehyde solution and
1.0%–1.5% methanol in a suitable buffer, adjusted to a pH of 6.8–7.2.1

Preparation of tissue for staining:  Cut Human Fibroblast-Derived Temporary Skin
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Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

into 3-mm × 3-mm sections. Place three sections into suitable histological tissue
cassettes,2 and insert the cassettes into suitable histological cassette basket(s).3

Embedding and sectioning:

 At a temperature of 40 , sequentially immerse the histological cassette basket(s) in
separate solutions of Buffered formalin (2 h), two changes of 80% alcohol (30 min/step),
alcohol (30 min), three changes of dehydrated alcohol (30 min/step), suitable histological
xylene substitute (30 min),4 and two changes of suitable xylene substitute (30 min/step).
Immerse the histological cassette basket(s) into molten paraffin5 that is at a temperature

of 60  for 30 min. Remove the cassette basket(s), and immerse in a fresh container of

molten paraffin at 60  for 60 min. Remove the histological tissue cassette from the
container and basket, and disassemble. Fill preheated embedding molds with molten

paraffin heated to 56 –60 , and place on top of a preheated warming platform that is
designed for histology work. Transfer Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

specimens from the cassettes using forceps, and place specimens into individual molds.
Orient the specimens in molds so as to cut cross-sections. Cool the paraffin by sliding the
mold down the platform to its cool side until the paraffin has solidified. Maintain specimen
orientation with forceps during cooling, removing the forceps when the paraffin becomes
translucent. Slide the paraffin block onto a histological cold plate to rapidly cool the block.
Trim the paraffin block with a new single-edged razor blade to form a rectangle or slight

trapezoid to within 5 mm of the tissue mass, if necessary. Cool the block at 4  for 15–30
min. Clamp the tissue block into the block holder of the microtome. Fill a histological tissue
flotation water bath with fresh water, add an appropriate amount of a suitable histological

adhesive,6 and heat to 5  less than the melting point of the paraffin. Properly mount and
adjust the tissue and paraffin block into a microtome. Set the microtome to make cuts 5

µm thick with a blade angle of 5 ± 2 . Insert a sharp stainless steel microtome knife that
has been properly honed, or a new disposable microtome knife, into the knife holder. Cut a
ribbon that contains 6–10 sections of Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold.

Pick up the ribbon with forceps, and stretch it across the tissue flotation water bath.
Separate 2–3 adjacent sections from the ribbon on the water bath. The selected sections
should not be compressed, wrinkled, or scratched. Pick up the selected sections by
dipping a microscope slide into the water bath under the floating sections, and gently lift
the slide out of the water. For each staining procedure, prepare three slides from each of
the three starting Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

3-mm × 3-mm sections. Allow the mounted sections to air-dry completely, or dry the slide

in a 60  oven for 1 h.
Acceptance criteria:  The fibroblasts appear elongated and spindle shaped. The tissue

contains about 106 cells/cm2 and about 500 cells/mm along the section.

Hematoxylin–eosin staining 
Hematoxylin–alcohol solution:  Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated
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alcohol with heating.
Potassium alum solution:  Dissolve 50.0 g of potassium alum in 500 mL of water with

heating.
Hematoxylin staining solution:  Mix Hematoxylin–alcohol solution and Potassium alum

solution. Bring to a boil as rapidly as possible with constant stirring. Do not heat for
more than 1 min. Slowly add 0.185 g of sodium iodate. Reheat to a simmer until the
solution becomes a deep purple. Remove from heat, and quickly cool. Filter daily before
use.

10% acid alcohol:  Add 5.0 mL of hydrochloric acid to 495 mL of 70% alcohol.
Eosin solution:  Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in

Preparation of tissue for staining, in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), running tap water rinse (1 min), Hematoxylin staining solution (4–5 min),
running tap water rinse (1 min), 10% acid alcohol (15 s), running tap water rinse (1
min), a suitable bluing reagent7 (20–30 s), running tap water rinse (1 min), alcohol (20
s), Eosin solution (10–20 s, until a reddish-brown color is obtained in the tissue), three
changes of dehydrated alcohol (10 s/step), and three changes of a suitable histological
xylene substitute (10 s/step). Adjust the above immersion times as needed to suitably
stain the tissue. Remove the slide from the last histological xylene substitute wash, and
blot dry the back of the slide. Do not allow the tissue to dry. Affix a coverslip over the
tissue using a coverslip mountant.

Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 1 (hematoxylin–eosin stained)
8

for comparison, the nylon-scaffold mesh, silicone membrane, and secreted collagen-based
matrix are present, and the tissue contains normal human fibroblast distributed
throughout the secreted matrix, and resembles normal human papillary dermis.
The fibroblasts appear elongated and spindle shaped. The tissue contains about 106

cells/cm2 and about 500 cells/mm along the section.
Collagen staining 

Bouins' solution:  Mix 75.0 mL of 1.22% picric acid solution, 25.0 L of dimethoxymethane,
and 5.0 L of acetic acid.

Weigert's iron hematoxylin solution A:  Dissolve 1.0 g of hematoxylin in 100 mL of
alcohol.

Weigert's iron hematoxylin solution B:  Mix 4.0 mL of 29% ferric chloride, 95.0 mL of
water, and 1.0 mL of hydrochloric acid.

Weigert's iron hematoxylin working solution:  Combine Weigert's iron hematoxylin
solution A and Weigert's iron hematoxylin solution B (1:1). Pass the solution through a
suitable filter of 0.45-µm pore size. Prepare fresh as needed.

Gomori's trichrome solution:  Mix 1.0 mL of acetic acid and 100 mL of water. Dissolve
0.6 g of chromotrope 2R, 0.3 g of Fast Green FCF, and 0.6 g of phosphotungstic acid.

1% acetic acid:  1.0 mL of acetic acid and 100 mL of water
Dilute 1 mL of glacial acetic acid with water to make 100 mL of solution.

Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in
Preparation of tissue for staining, in three changes of a suitable histological, aliphatic

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 717



xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), and running tap water rinse (1 min). Immerse the slide in Bouins' solution,

and place in a 42  water bath for 1 h. Rinse the slide in water for 10 s. Sequentially
immerse the slide in Weigert's iron hematoxylin working solution (10 min) and running tap
water rinse (10 min). Rinse the slide in water for 10 s, and immerse in Gomori's
trichrome solution (3–5 min). Rinse the slide in 1% acetic acid for 20 s. Sequentially
immerse the slide in three changes of alcohol (10 s/step) and three changes of a
suitable histological, aliphatic xylene substitute (10 s/step). Affix a coverslip over the
tissue using a suitable coverslip mountant. Nuclei will stain black; cytoplasm, keratin,
and muscle fibers will stain red; and collagen and mucin will stain blue.

Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 2 for comparison, collagen is found throughout the
extracellular matrix. in a manner indistinguishable from Cryopreserved Human Fibroblast-
Derived Dermal Substitute.
The tissue contains normal human fibroblast distributed throughout the secreted matrix
and resembles normal human papillary; dermis, muscle fibers, and keratin are absent.

Distribution of fibronectin 
Tris-saline buffer:  Combine 0.1 M tris–(hydroxymethyl)aminomethane hydrochloride and

0.15 M sodium chloride, and adjust to a pH of 7.8.
3% Hydrogen peroxide:  Dilute 30 mL of hydrogen peroxide with water or methanol.
Diaminobenzidine solution:  Use a suitable solution.9

Hematoxylin staining solution:  Prepare as directed for Hematoxylin–eosin staining.
Analysis:  The microscope slide with affixed tissue as prepared in Preparation of tissue for

staining is dried either overnight at 37  or for 1 h at 60 . The microscope slide with
affixed tissue as prepared in Preparation of tissue for staining is sequentially immersed in
three changes of a suitable histological, aliphatic xylene substitute (2 min/step), three
changes of dehydrated alcohol (1 min/step), alcohol (20 s), and running tap water rinse
(1 min). Sequentially immerse the slide in Tris-saline buffer (10 min), 3% hydrogen
peroxide (30 min), three changes of Tris-saline buffer (1 min/step), a suitable normal
rabbit serum10 (30 min), water (5 min), and three changes of Tris-saline buffer (1
min/step). Incubate the slide with a suitable solution of rabbit anti-human fibronectin
antibody,11 diluted using a suitable antibody diluent12 to an antibody titer
concentration

of 21.0 ± 2.1 mg/L for 1 h. Sequentially immerse the slide in water (5 min) and three
changes of Tris-saline buffer (1 min/step). Place enough drops of a biotinylated goat
anti-rabbit antibody solution13 to cover the tissue section, and incubate for 30 min.
Sequentially immerse the slide in water (5 min) and three changes of Tris-saline buffer
(1 min/step). Place enough drops of a streptavidin conjugated horseradish peroxidase
solution14 to cover the tissue section, and incubate for 30 min. Sequentially immerse the
slide in water (5 min) and three changes of Tris-saline buffer (1 min/step). Incubate the
slide with Diaminobenzidine solution for 1–5 min, until a suitable difference in staining is
seen by comparison with a control in which the fibronectin (primary) antibody is omitted.
Sequentially immerse the slide in water (1 min), Hematoxylin staining solution (4–5 min),
and water (1 min). Do not allow the tissue to dry. Affix a coverslip over the tissue using
a low-viscosity, aqueous, synthetic-resin coverslip mountant.
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Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 3 (diaminobenzidine–hematoxylin stained) for comparison,
fibronectin binds to collagen and is found throughout the extracellular matrix. in a
manner indistinguishable from Cryopreserved Human Fibroblast-Derived Dermal
Substitute.
Fibronectin is found colocalizing with the collagen fibers. The intensity of staining may
vary from region to region of the slide.

Change to read:
•  Metabolic Activity Assessment

DPBS solution A:  Dissolve 1.32 g of calcium chloride and 1.21 g of magnesium sulfate
heptahydrate in 2 L of water.

DPBS solution B:  Dissolve 80.0 g of sodium chloride, 2.0 g of potassium chloride, 11.5 g of
dibasic sodium phosphate, 2.0 g of monobasic potassium phosphate, 10.0 g of glucose,
0.36 g of sodium phosphate, 0.5 g of streptomycin sulfate, and 1,000,000 USP Units of
penicillin G sodium in 8 L of water.

DPBS working solution:  Mix DPBS solution B and DPBS solution A (8:2). Pass the solution
through a filter of 0.22-µm pore size.

Dulbecco's modified Eagle's tissue culture medium:  Prepare a solution that contains
the components listed in Table 1.

Table 1

Component mg/L

Calcium chloride 264.9
Ferric nitrate nonahydrate 0.10
Potassium chloride 400.0
Magnesium sulfate heptahydrate 200.0
Sodium chloride 6,400.0
Sodium bicarbonate 3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose 4,500.0
Phenol red 15.0
Sodium pyruvate 110.0
l-Arginine hydrochloride 84.0
l-Cystine 48.0
Aminoacetic acid 30.0
l-Histidine hydrochloride monohydrate 42.0
l-Isoleucine 104.8
l-Leucine 104.8
l-Lysine hydrochloride 146.2
l-Methionine 30.0
l-Phenylalanine 66.0
l-Serine 42.0
l-Threonine 95.2
l-Tryptophan 16.0

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 719



l-Tyrosine 72.0
l-Valine 93.6
d-Calcium pantothenate 4.0
Choline chloride 4.0
Folic acid 4.0
Inositol 7.0
Nicotinamide 4.0
Pyridoxine hydrochloride 4.0
Riboflavin 0.40
Thiamine hydrochloride 4.0

l-Glutamine solution:  Prepare 100 mL of a solution containing 29.2 g of l-glutamine.
Sodium pyruvate solution:  Prepare 100 mL of a solution containing 1.10 g of sodium

pyruvate.
Antibiotic-antimycotic solution:  Prepare 100 mL of a solution containing 0.85 g of sodium

chloride, 10,000 USP Units of penicillin G sodium, 10,000 µg of streptomycin (base), and
25 µg of amphotericin B in water.

Assay stock medium:  Mix 1000 mL of Dulbecco's modified Eagle's tissue culture medium,
10 mL of l-Glutamine solution, 10 mL of Sodium pyruvate solution, 10 mL of Antibiotic-
antimycotic solution, and 20 mL of fetal bovine serum.15

MTT–assay solution:  Dissolve 0.50 g of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide in 1 L of Assay stock medium, using constant stirring. 
Sterilize the solution by passing it through a filter of 0.2-µm pore size.

MTT formazan stock solution:  100 µg/mL of 1-(4,5-dimethylthiazol-2-yl)-3,5-
diphenylformazan in isopropyl alcohol

MTT formazan calibration solutions:  15, 30, 45, 60, and 75 µg/mL of MTT formazan,
using MTT formazan stock solution and diluting with isopropyl alcohol.

Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34  and 37  for 2–3 min. The minimum amount of water in the water bath is 2 L/Human
Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-Derived Temporary Skin
Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold,

and immerse the sections into separate, 3.0-mL portions of MTT–assay solution. Incubate

for 2 h at 37 ± 2  in a 3%–7% CO2–air environment with shaking on an orbital shaker at

150–200 rpm. After incubation, remove from the 37 , 3%–7% CO2–air environment.
Remove the MTT–assay solution, and rinse twice with DPBS working solution. Immerse the
Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

in 2 mL of isopropyl alcohol, and incubate at ambient temperature for 1 h with shaking on an
orbital shaker at approximately 125 rpm. Transfer 200-µL aliquots of the five MTT
formazan calibration solutions, in triplicate, and 200-µL aliquots of the three isopropyl
alcohol extracts of Human Fibroblast-Derived Temporary Skin Substitute
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Construct Human Fibroblasts in Bilayer Synthetic Scaffold
to a suitable 96-well, flat-bottom plate. Read the absorbance of each aliquot at 540 nm,

using 200 µL of isopropyl alcohol as the blank. 
Plot the responses of the MTT formazan calibration solutions versus concentration, in µg
of MTT formazan/mL, and calculate the regression line using the least-squares method.
System suitability requirements:  The test is considered valid if the regression line has

a square of the correlation coefficient NLT 0.95.
Acceptance criteria:  The absorbance value of individual Human Fibroblast-Derived

Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

sections at 540 nm is less than 0.1.

Change to read:
•  DNA Content

Cell culture water:  Sterile water containing NMT 0.005 USP Endotoxin Unit/mL
DNA extraction buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated

container. Dissolve 12.110 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of
edetate disodium, 23.380 g of sodium chloride, and 0.080 g of sodium dodecyl sulfate,
with stirring. Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to a pH of 7.0.
Dilute with Cell culture water to 1 L.

Proteinase K solution:  Prepare a solution of Tritirachium album proteinase K in 10 mM of
2-amino-2-hydroxymethyl-1,3-propanediol, adjusted to a pH of 7.5, having an activity of
600 units/mL.16

Working DNA extraction buffer:  Add 1.22 mL of Proteinase K solution to 38.78 mL of DNA
extraction buffer, and mix.

Dilution buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated
container. Add 1.211 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of edetate
disodium, and 5.844 g of sodium chloride, with stirring. Adjust with 1 N hydrochloric acid or
1 N sodium hydroxide to a pH of 7.0. Dilute with Cell culture water to 1 L.

DPBS without Ca++, Mg++ solution:  Prepare a solution containing 8.00 g/L of sodium
chloride, 1.15 g/L of dibasic sodium phosphate (anhydrous), 0.20 g/L of potassium
chloride, and 0.20 g/L of monobasic potassium phosphate in water.

Calf thymus DNA solution:  Prepare a solution containing 1 mg/L of calf thymus DNA in
DPBS without Ca++, Mg++ solution, mixing thoroughly for 12–24 h at ambient temperature.
Dilute the resulting solution with DPBS without Ca++, Mg++ solution to prepare a solution
containing 50 µg/mL of calf thymus DNA, mixing thoroughly on a vortex mixer for 10 min.

Calf thymus DNA calibration solutions:  Prepare four calibration solutions containing 5,
10, 15, and 20 µg/mL of calf thymus DNA, using Calf thymus DNA solution, and diluting
with DPBS without Ca ++, Mg++ solution.

DNA staining solution:  Prepare a solution containing 0.5 µg of 2¢-(4-hydroxyphenyl)-5-(4-
methyl-1-piperazinyl)-2,5¢-bi(1H-benzimidazole) trihydrochloride pentahydrate/mL of
Dilution buffer. Store in low-actinic glassware.

Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34  and 37  for 2–3 min. The minimum amount of water in the water bath is 2 L/Human
Fibroblast-Derived Temporary Skin Substitute
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Construct Human Fibroblasts in Bilayer Synthetic Scaffold
unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-Derived Temporary Skin

Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold.

To each of three microcentrifuge tubes add 1 mL of DPBS without Ca++, Mg++ solution.
Immerse a single Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

11-mm × 11-mm section into each microcentrifuge tube to remove the cryopreservative.
Aspirate the DPBS without Ca++, Mg++ solution from each tube, and replace with 1 mL of
Working DNA extraction buffer, making sure that each Human Fibroblast-Derived
Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

is completely submerged in the extraction buffer. Incubate the samples in a 56 –60  water
bath for 4–18 h. Sonicate for 10–15 s using an ultrasonic cell disrupter to achieve
complete cellular disruption of the tissue and to mix the contents of the tube. Centrifuge
the microcentrifuge tubes at 12,000–15,000 × g to pellet non-DNA material. Transfer
three 50-µL aliquots of each sample supernatant to individual wells of a 96-well black
plate suitable for performing fluorescent analysis. Transfer triplicate 50-µL aliquots of each
of the Calf thymus DNA calibration solutions to the 96-well plate, as well as a 50-µL
aliquot of DPBS working solution for the blank. Add 150 µL of DNA staining solution to all
wells containing the tissue samples, Calf thymus DNA calibration solutions, and the blank.

Cover with aluminum foil, and place in a dark cabinet for 30–45 min at 15 –30 . Read the
fluorescence of each well, using an excitation wavelength of 355 nm and an emission
wavelength of 460 nm, blanking against the DPBS without Ca ++, Mg++ solution well. Plot
the responses of the Calf thymus DNA calibration solutions versus concentration, in µg/mL
of calf thymus DNA, and calculate the regression line using the least-squares method. The
test is considered valid if the %CV of the replicate values is less than 15%, the slope is

4.48–6.27, the y-intercept is 2.04 and 3.65, and the square of the correlation
coefficient is NLT 0.990. From the regression line so obtained, determine the amount of
DNA, in µg/11-mm × 11-mm sample.

Acceptance criteria:  The amount of DNA of individual Human Fibroblast-Derived Temporary
Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

11-mm × 11-mm section is 6–14 µg.

Change to read:
•  Total Collagen Content

DPBS without Ca++, Mg++ solution:  8 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate in Cell culture water
Proceed as directed for DNA Content.

DPBS with Ca++, Mg++ solution:  8.00 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, 0.20 mg/mL of
monobasic potassium phosphate, 0.10 mg/mL of magnesium chloride hexahydrate, and
0.10 mg/mL of calcium chloride (anhydrous) in water

Collagenase extraction solution:  At least 250 Units/mL of Clostridium histolyticum
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collagenase, type 2, in DPBS with Ca++, Mg++ solution
2% Acetic acid solution:  Mix 10 mL of acetic acid with 490 mL of water.
Collagen standard stock solution:  2 mg/mL of collagen, type I, in 2% Acetic acid solution
Collagen calibration standards:  Cut polyglactin mesh17 into seventeen 11-mm × 11-mm

squares, and place one square into 17 individual wells of a 24-well plate. Each well of the
24-well plate has a surface area of 220 mm2 and a volume of 3.5 mL. In quadruplicate,
prepare wells containing 0.050, 0.100, 0.200, and 0.400 mg of collagen by adding 25, 50,
100, and 200 µL, respectively, of the Collagen standard stock solution. The remaining well
to which no Collagen standard stock solution has been added is used as the blank. Allow
the wells to air dry.

Sirius red solution:  1 mg/mL of Direct Red 80 in saturated picric acid
1% (p-tert-Octylphenoxy) polyethoxyethanol solution:  Mix 10 mL of (p-tert-

Octylphenoxy) polyethoxyethanol in 990 mL of DPBS with Ca++, Mg++ solution.
Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

by placing the tissue, still in its ethyl vinyl acetate bag, in a water bath heated to between

34  and 37  for 2–3 min. The minimum amount of water in the water bath is 2 L/Human
Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-Derived Temporary Skin
Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold.

Place each test section into separate wells of a 24-well plate. Add 200 µL of 1% (p-tert-
Octylphenoxy) polyethoxyethanol solution to each sample. Shake on a rotating platform
shaker at 100–150 rpm for 60–70 min at room temperature. Aspirate off the 1% (p-tert-
Octylphenoxy)polyethoxyethanol solution, and rinse three times with 2 mL of DPBS without
Ca++, Mg++ solution. Transfer each of the collagen standards to individual wells of the
24-well plate. Add 0.5 mL of Sirius red solution to each test sample and collagen
standards. Shake on a rotating platform shaker at 100–150 rpm for 60 min at room
temperature. Aspirate off the Sirius red solution from each well. Rinse each well twice with
2 mL of DPBS without Ca++, Mg++ solution. Add an additional 2 mL of DPBS without Ca++,
Mg++ solution to each well, and allow to stand for 2 min. Aspirate off the DPBS without
Ca++, Mg++ solution, and rinse twice more with 2 mL of DPBS without Ca++, Mg++

solution. Aspirate off all traces of DPBS without Ca++, Mg++ solution. Add 0.5 mL of
Collagenase extraction solution to each well containing the Collagen calibration standards.
Add 2.0 mL of Collagenase extraction solution to each well containing test samples.

Rotate the plate on an orbital rotator at 150 rpm for 90 min at 37 . Transfer 200 µL from
each well, to a suitable 96-well, flat-bottom plate. Read the absorbance of each aliquot
at 540 nm. Dilute the Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

sample preparation further with DPBS without Ca++, Mg++ solution if the absorbance is
greater than the absorbance of the highest of the Collagen calibration standards. 
Plot the responses of the Collagen calibration standards versus the amount, in mg of
collagen, and calculate the regression line using the least-squares method.
System suitability requirements:  The test is considered valid if the slope is 3.00–5.00
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and the square of the correlation coefficient is  0.950.

Determine the collagen content, in mg, of an 11- × 11-mm section of Human Fibroblast-
Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

from the regression line, and by using the following equation:

Result = D × A × SCSR

D = dilution factor (normally 4, unless the sample had to be further diluted)
A = absorbance at 540 nm
SCSR= slope of the regression line of the standards calculated above

Acceptance criteria:  The amount of collagen in individual Human Fibroblast-Derived
Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

11- × 11-mm samples is 0.50–4.0 mg.

Change to read:

•  Bacterial Endotoxins Test 85
Sample solution:  Thaw Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

by placing the tissue, still in its polycarbonate cassette contained in a plastic covering bag,

in a water bath heated to a maximum of 37  for 15–20 min until no visible ice remains in
the cassette. The minimum amount of water in the water bath is 2 L/Human Fibroblast-
Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

unit.
Analysis:  Remove the unit from the polycarbonate cassette, and immerse in 25 mL of LAL

Reagent Water. Extract for 60 min at 37  with shaking on an orbital shaker set at 125
revolutions/min. Remove a 4-mL aliquot of the extract for testing.

Acceptance criteria:  NMT 0.5 USP Endotoxin Unit/mL

Change to read:

•  Sterility Tests 71
Sample solution:  Thaw Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

by placing the tissue, still in its polycarbonate cassette contained in a plastic covering bag,

in a water bath heated to a maximum of 37  for 15–20 min until no visible ice remains in
the cassette. The minimum amount of water in the water bath is 2 L/Human Fibroblast-
Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

unit.
Analysis:  Perform the test on 20 mL of the cryopreservative.
Acceptance critera:  Meets the requirements

ADDITIONAL REQUIREMENTS
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Change to read:
•  Packaging and Storage: Human Fibroblast-Derived Temporary Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

is aseptically packaged and supplied frozen in a clear plastic cassette containing two,
approximately 12.5- × 19-cm units. The solution within the cassette is a phosphate-
buffered cryoprotectant solution used to facilitate long-term storage. A clear plastic bag
surrounds the cassette for its protection. Human Fibroblast-Derived Temporary Skin
Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold

should be stored at a temperature of 70  to 20  for no longer than 18 months.

Change to read:
•  Labeling: The label indicates the dimensions of the Human Fibroblast-Derived Temporary

Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

material enclosed. It contains the expiry date, required storage conditions, and the lot number.
The label cautions that Human Fibroblast-Derived Temporary Skin Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold
is not to be used if the package shows signs of damage. Additional labeling requirements

include instructions on the proper thawing and handling of Human Fibroblast-Derived
Temporary Skin Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold
and the time frame for use after package opening.

Change to read:

•  USP Reference Standards, Authentic Visual References 11 : USP Human Fibroblast-
Derived Skin Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold
Reference Photomicrographs. These three photomicrographs represent examples of passing

units, prepared as directed in Hematoxylin–eosin staining, Collagen staining, and
Distribution of fibronectin. They are specified to assist in ascertaining histological quality.
The fibroblasts are embedded in an extracellular matrix that they have secreted (USP
Human Fibroblast-Derived Skin Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold
Reference Photomicrograph 1). The collagen (USP Human Fibroblast-Derived Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 2) and fibronectin (USP Human Fibroblast-Derived Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 3) are to be found throughout the extracellular matrix. The nylon
fibers (yellow in USP Human Fibroblast-Derived Skin Substitute

Construct Human Fibroblasts in Bilayer Synthetic Scaffold
Reference Photomicrograph 1) and the silicone backing (gray in USP Human Fibroblast-Derived

Skin Substitute
Construct Human Fibroblasts in Bilayer Synthetic Scaffold

Reference Photomicrograph 1) are frequently visible, although easily lost during processing.
However, at this magnification, the presence of these components is the only visible
difference between the Cryopreserved Human Fibroblast-Derived Dermal Substitute and the
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Human Fibroblast-Derived Temporary Skin Substitute

•  USP Reference Standards 11
USP Endotoxin RS

1  A suitable Buffered formalin can be obtained from VWR International, 1310 Goshen Pkwy., West Chester, PA
19380.

2  A suitable histological tissue cassette can be obtained from Sakura Finetek U.S.A., Inc., 1750 West 214th
St., Torrance, CA 90501.

3  A suitable histological tissue cassette basket can be obtained from Sakura Finetek U.S.A., Inc., 1750 West
214th St., Torrance, CA 90501.

4  A suitable histological xylene substitute is C itrosolve® C learing Agent, available from Fisher Scientific, 200
Park Ln., Pittsburgh, PA 15275.

5  A suitable paraffin for use is Tissue Prep* 2 Embedding Media, available from Fisher Scientific, 200 Park Ln.,
Pittsburgh, PA 15275.

6  A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from Poly Scientific
Research Corp., 70 C leveland Ave., Bay Shore, NY 11706-1282.

7  A suitable bluing reagent can be obtained from Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178.
8

  These photomicrographs are available as a CD from the USP Reference Standards collection, available to the
user through USP Customer Services. To order these and other Reference Standards, call 1-800-227-8772
(U.S. and Canada), +1-301-881-0666 or 00-800-4875-5555 (select Europe); or go online to www.usp.org.
Order item number 1535857.

9  A suitable Diaminobenzidine solution can be obtained from Sigma-Aldrich Corp., P.O. Box
14508, St. Louis, MO 63178; catalog number D-6815.
10  A suitable normal rabbit serum can be obtained from Dako Corp., 6392 Via Real, Carpinteria,
CA 93013.
11  Suitable rabbit anti-human fibronectin antibodies can be obtained from Dako Corp., 6392 Via
Real, Carpinteria, CA 93013.
12  Suitable antibody diluent can be obtained from Dako Corp., 6392 Via Real, Carpinteria, CA
93013.
13  Suitable biotinylated goat anti-rabbit antibody solution can be obtained from BioGenex,
4600 Norris Canyon Rd., San Ramon, CA 94583.
14  A suitable streptavidin conjugated horseradish peroxidase solution can be obtained from
BioGenex, 4600 Norris Canyon Rd., San Ramon, CA 94583.
15  A suitable fetal bovine serum can be obtained from HyClone, 925 West 1800 South, Logan,
UT 84321; catalog number SH30070.03.
16  A suitable Proteinase K solution can be obtained from Roche Diagnostics Corp., Roche
Applied Sciences, P.O. Box 50414, 9115 Hague Rd., Indianapolis, IN 46250-0414.
17  A suitable polyglactin mesh can be obtained from Ethicon Co., Johnson & Johnson Corp.,
425 Hoes Ln., P.O. Box 6800, Piscataway, NJ 08855.

BRIEFING

Scopolamine Hydrobromide Ophthalmic Ointment, USP 36 page 5114. It is proposed to
omit the monograph for the following reasons. No drug products formulated as defined under
Scopolamine Hydrobromide Ophthalmic Ointment are currently marketed in the United States.
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The drug product is not currently used in veterinary medicine in the United States.

(SM3: F. Mao.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Scopolamine Hydrobromide Ophthalmic Ointment

» Scopolamine Hydrobromide Ophthalmic Ointment is Scopolamine
Hydrobromide in a suitable ophthalmic ointment base. It contains not less
than 90.0 percent and not more than 110.0 percent of the labeled amount of
(C17H21NO4)·HBr·3H2O. It is sterile.

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Scopolamine Hydrobromide RS

Identification—

A: Transfer a portion of Ophthalmic Ointment, equivalent to about 50 mg of scopolamine
hydrobromide, to a suitable separator, and dissolve in 25 mL of ether. Add 25 mL of 0.01 N
hydrochloric acid, shake vigorously, allow the layers to separate, and discard the organic

phase. Proceed as directed under Identification—Organic Nitrogenous Bases 181 , beginning
with “In a second separator dissolve 50 mg.”

B: Transfer about 5 g of Ophthalmic Ointment to a separator, dissolve in 50 mL of ether, and
extract with 20 mL of water: the extracted solution so obtained responds to the tests for

Bromide 191 .

Sterility 71 : meets the requirements.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay—Proceed with Ophthalmic Ointment as directed in the Assay under Scopolamine
Hydrobromide Injection, but to prepare the Assay solution, weigh accurately a portion of
Ophthalmic Ointment equivalent to about 10 mg of scopolamine hydrobromide into a separator
containing 50 mL of ether, shake to dissolve, extract with three 25-mL portions of 0.2 N sulfuric
acid, collect the acid extracts in a 100-mL volumetric flask, dilute with 0.2 N sulfuric acid to
volume, and mix. Calculate the quantity, in mg, of C17H21NO4·HBr·3H2O in the portion of
Ophthalmic Ointment taken by the formula given therein.

BRIEFING

Human Fibroblast-Derived Temporary Skin Substitute, USP 36 page 5146. The proposed
revision concerns the deletion of functionality claims not supported by proper test methods.
The monograph format has been modified to reflect current USP style.

(BIO2: R. Potts.)
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Correspondence Number—C134106

Comment deadline: November 30, 2013
Human Fibroblast-Derived Temporary Skin Substitute

New title: Construct Human Fibroblasts in Bilayer Synthetic Scaffold 
New title to become official December 1, 2014.

DEFINITION

Change to read:

Human Fibroblast-Derived Temporary Skin Substitute is a nonliving monolayer skin substitute
derived from neonatal foreskins. It is composed of fibroblasts, an extracellular matrix, and a
nylon mesh bonded to a transparent, semi-permeable silicone membrane. Human fibroblasts are
seeded onto the nylon mesh. The fibroblasts proliferate within the nylon mesh and secrete
human dermal collagen,

matrix proteins. growth factors, and cytokines.

Following freezing, no cellular metabolic activity remains. however, the tissue matrix and bound
growth factors remain. 
Human Fibroblast-Derived Temporary Skin Substitute does not contain macrophages,
lymphocytes, blood vessels, hair follicles, muscle fibers, or keratin.

The fibroblast-cell banks, from which Human Fibroblast-Derived Temporary Skin Substitute is
derived, test negative for human and animal viruses and retroviruses, and are also tested for
normal cell morphology, human karyology, and isoenzymes. Maternal blood sera are tested for
evidence of infection with human immunodeficiency virus types 1 and 2, hepatitis B and C
viruses, syphilis, and human T-lymphotropic virus type 1, and are found negative for the
purpose of donor selection. 
Reagents used in the manufacture of Human Fibroblast-Derived Temporary Skin Substitute are
tested and found free from viruses, retroviruses, endotoxins, and mycoplasma before use.

Human Fibroblast-Derived Temporary Skin Substitute is manufactured with sterile components
under aseptic conditions within the final package. All materials derived from bovine sources
originate from countries free of bovine spongiform encephalopathy. During subsequent
screening of the fibroblast cell strain at various stages in the manufacturing process, testing
for these same viruses, as well as Epstein-Barr virus and human T-lymphotropic virus type 2, is
carried out and found to be negative. The final product tests negative for the presence of
mycoplasma.
The final product is inspected and tested to ensure that the product meets specifications.

SPECIFIC TESTS

Change to read:
•  Histological Characterization

Buffered formalin:  Prepare a solution containing 10% (w/v) formaldehyde solution and
1.0%–1.5% methanol in a suitable buffer, adjusted to a pH of 6.8–7.2.1
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Preparation of tissue for staining:  Cut Human Fibroblast-Derived Temporary Skin
Substitute into 3-mm × 3-mm sections. Place three sections into suitable histological
tissue cassettes,2 and insert the cassettes into suitable histological cassette basket(s).3

Embedding and sectioning:

 At a temperature of 40 , sequentially immerse the histological cassette basket(s) in
separate solutions of Buffered formalin (2 h), two changes of 80% alcohol (30 min/step),
alcohol (30 min), three changes of dehydrated alcohol (30 min/step), suitable histological
xylene substitute (30 min),4 and two changes of suitable xylene substitute (30 min/step).
Immerse the histological cassette basket(s) into molten paraffin5 that is at a temperature

of 60  for 30 min. Remove the cassette basket(s), and immerse in a fresh container of

molten paraffin at 60  for 60 min. Remove the histological tissue cassette from the
container and basket, and disassemble. Fill preheated embedding molds with molten

paraffin heated to 56 –60 , and place on top of a preheated warming platform that is
designed for histology work. Transfer Human Fibroblast-Derived Temporary Skin Substitute
specimens from the cassettes using forceps, and place specimens into individual molds.
Orient the specimens in molds so as to cut cross-sections. Cool the paraffin by sliding the
mold down the platform to its cool side until the paraffin has solidified. Maintain specimen
orientation with forceps during cooling, removing the forceps when the paraffin becomes
translucent. Slide the paraffin block onto a histological cold plate to rapidly cool the block.
Trim the paraffin block with a new single-edged razor blade to form a rectangle or slight

trapezoid to within 5 mm of the tissue mass, if necessary. Cool the block at 4  for 15–30
min. Clamp the tissue block into the block holder of the microtome. Fill a histological tissue
flotation water bath with fresh water, add an appropriate amount of a suitable histological

adhesive,6 and heat to 5  less than the melting point of the paraffin. Properly mount and
adjust the tissue and paraffin block into a microtome. Set the microtome to make cuts 5

µm thick with a blade angle of 5 ± 2 . Insert a sharp stainless steel microtome knife that
has been properly honed, or a new disposable microtome knife, into the knife holder. Cut a
ribbon that contains 6–10 sections of Human Fibroblast-Derived Temporary Skin
Substitute. Pick up the ribbon with forceps, and stretch it across the tissue flotation
water bath. Separate 2–3 adjacent sections from the ribbon on the water bath. The
selected sections should not be compressed, wrinkled, or scratched. Pick up the selected
sections by dipping a microscope slide into the water bath under the floating sections,
and gently lift the slide out of the water. For each staining procedure, prepare three slides
from each of the three starting Human Fibroblast-Derived Temporary Skin Substitute 3-mm
× 3-mm sections. Allow the mounted sections to air-dry completely, or dry the slide in a

60  oven for 1 h.
Acceptance criteria:  The fibroblasts appear elongated and spindle shaped. The tissue

contains about 106 cells/cm2 and about 500 cells/mm along the section.

Hematoxylin–eosin staining 
Hematoxylin–alcohol solution:  Dissolve 2.5 g of hematoxylin in 25.0 mL of dehydrated

alcohol with heating.
Potassium alum solution:  Dissolve 50.0 g of potassium alum in 500 mL of water with

heating.
Hematoxylin staining solution:  Mix Hematoxylin–alcohol solution and Potassium alum
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solution. Bring to a boil as rapidly as possible with constant stirring. Do not heat for
more than 1 min. Slowly add 0.185 g of sodium iodate. Reheat to a simmer until the
solution becomes a deep purple. Remove from heat, and quickly cool. Filter daily before
use.

10% acid alcohol:  Add 5.0 mL of hydrochloric acid to 495 mL of 70% alcohol.
Eosin solution:  Dissolve 1 g of eosin Y in 100 mL of alcohol. Filter daily before use.
Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in

Preparation of tissue for staining, in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), running tap water rinse (1 min), Hematoxylin staining solution (4–5 min),
running tap water rinse (1 min), 10% acid alcohol (15 s), running tap water rinse (1
min), a suitable bluing reagent7 (20–30 s), running tap water rinse (1 min), alcohol (20
s), Eosin solution (10–20 s, until a reddish-brown color is obtained in the tissue), three
changes of dehydrated alcohol (10 s/step), and three changes of a suitable histological
xylene substitute (10 s/step). Adjust the above immersion times as needed to suitably
stain the tissue. Remove the slide from the last histological xylene substitute wash, and
blot dry the back of the slide. Do not allow the tissue to dry. Affix a coverslip over the
tissue using a coverslip mountant.

Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute Reference
Photomicrograph 1 (hematoxylin–eosin stained)
8

for comparison, the nylon-scaffold mesh, silicone membrane, and secreted collagen-based
matrix are present, and the tissue contains normal human fibroblast distributed
throughout the secreted matrix, and resembles normal human papillary dermis.
The fibroblasts appear elongated and spindle shaped. The tissue contains about 106

cells/cm2 and about 500 cells/mm along the section.
Collagen staining 

Bouins' solution:  Mix 75.0 mL of 1.22% picric acid solution, 25.0 L of dimethoxymethane,
and 5.0 L of acetic acid.

Weigert's iron hematoxylin solution A:  Dissolve 1.0 g of hematoxylin in 100 mL of
alcohol.

Weigert's iron hematoxylin solution B:  Mix 4.0 mL of 29% ferric chloride, 95.0 mL of
water, and 1.0 mL of hydrochloric acid.

Weigert's iron hematoxylin working solution:  Combine Weigert's iron hematoxylin
solution A and Weigert's iron hematoxylin solution B (1:1). Pass the solution through a
suitable filter of 0.45-µm pore size. Prepare fresh as needed.

Gomori's trichrome solution:  Mix 1.0 mL of acetic acid and 100 mL of water. Dissolve
0.6 g of chromotrope 2R, 0.3 g of Fast Green FCF, and 0.6 g of phosphotungstic acid.

1% acetic acid:  1.0 mL of acetic acid and 100 mL of water
Dilute 1 mL of glacial acetic acid with water to make 100 mL of solution.

Analysis:  Sequentially immerse the microscope slide with affixed tissue, as prepared in
Preparation of tissue for staining, in three changes of a suitable histological, aliphatic
xylene substitute (2 min/step), three changes of dehydrated alcohol (1 min/step),
alcohol (20 s), and running tap water rinse (1 min). Immerse the slide in Bouins' solution,

and place in a 42  water bath for 1 h. Rinse the slide in water for 10 s. Sequentially
immerse the slide in Weigert's iron hematoxylin working solution (10 min) and running tap
water rinse (10 min). Rinse the slide in water for 10 s, and immerse in Gomori's
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trichrome solution (3–5 min). Rinse the slide in 1% acetic acid for 20 s. Sequentially
immerse the slide in three changes of alcohol (10 s/step) and three changes of a
suitable histological, aliphatic xylene substitute (10 s/step). Affix a coverslip over the
tissue using a suitable coverslip mountant. Nuclei will stain black; cytoplasm, keratin,
and muscle fibers will stain red; and collagen and mucin will stain blue.

Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute Reference
Photomicrograph 2 for comparison, collagen is found throughout the extracellular matrix.
in a manner indistinguishable from Cryopreserved Human Fibroblast-Derived Dermal
Substitute.
The tissue contains normal human fibroblast distributed throughout the secreted matrix
and resembles normal human papillary; dermis, muscle fibers, and keratin are absent.

Distribution of fibronectin 
Tris-saline buffer:  Combine 0.1 M tris–(hydroxymethyl)aminomethane hydrochloride and

0.15 M sodium chloride, and adjust to a pH of 7.8.
3% Hydrogen peroxide:  Dilute 30 mL of hydrogen peroxide with water or methanol.
Diaminobenzidine solution:  Use a suitable solution.9

Hematoxylin staining solution:  Prepare as directed for Hematoxylin–eosin staining.
Analysis:  The microscope slide with affixed tissue as prepared in Preparation of tissue for

staining is dried either overnight at 37  or for 1 h at 60 . The microscope slide with
affixed tissue as prepared in Preparation of tissue for staining is sequentially immersed in
three changes of a suitable histological, aliphatic xylene substitute (2 min/step), three
changes of dehydrated alcohol (1 min/step), alcohol (20 s), and running tap water rinse
(1 min). Sequentially immerse the slide in Tris-saline buffer (10 min), 3% hydrogen
peroxide (30 min), three changes of Tris-saline buffer (1 min/step), a suitable normal
rabbit serum10 (30 min), water (5 min), and three changes of Tris-saline buffer (1
min/step). Incubate the slide with a suitable solution of rabbit anti-human fibronectin
antibody,11 diluted using a suitable antibody diluent12 to an antibody titer
concentration

of 21.0 ± 2.1 mg/L for 1 h. Sequentially immerse the slide in water (5 min) and three
changes of Tris-saline buffer (1 min/step). Place enough drops of a biotinylated goat
anti-rabbit antibody solution13 to cover the tissue section, and incubate for 30 min.
Sequentially immerse the slide in water (5 min) and three changes of Tris-saline buffer
(1 min/step). Place enough drops of a streptavidin conjugated horseradish peroxidase
solution14 to cover the tissue section, and incubate for 30 min. Sequentially immerse the
slide in water (5 min) and three changes of Tris-saline buffer (1 min/step). Incubate the
slide with Diaminobenzidine solution for 1–5 min, until a suitable difference in staining is
seen by comparison with a control in which the fibronectin (primary) antibody is omitted.
Sequentially immerse the slide in water (1 min), Hematoxylin staining solution (4–5 min),
and water (1 min). Do not allow the tissue to dry. Affix a coverslip over the tissue using
a low-viscosity, aqueous, synthetic-resin coverslip mountant.

Acceptance criteria:  Using USP Human Fibroblast-Derived Skin Substitute Reference
Photomicrograph 3 (diaminobenzidine–hematoxylin stained) for comparison, fibronectin
binds to collagen and is found throughout the extracellular matrix. in a manner
indistinguishable from Cryopreserved Human Fibroblast-Derived Dermal Substitute.
Fibronectin is found colocalizing with the collagen fibers. The intensity of staining may
vary from region to region of the slide.
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•  Metabolic Activity Assessment
DPBS solution A:  Dissolve 1.32 g of calcium chloride and 1.21 g of magnesium sulfate

heptahydrate in 2 L of water.
DPBS solution B:  Dissolve 80.0 g of sodium chloride, 2.0 g of potassium chloride, 11.5 g of

dibasic sodium phosphate, 2.0 g of monobasic potassium phosphate, 10.0 g of glucose,
0.36 g of sodium phosphate, 0.5 g of streptomycin sulfate, and 1,000,000 USP Units of
penicillin G sodium in 8 L of water.

DPBS working solution:  Mix DPBS solution B and DPBS solution A (8:2). Pass the solution
through a filter of 0.22-µm pore size.

Dulbecco's modified Eagle's tissue culture medium:  Prepare a solution that contains
the components listed in Table 1.

Table 1

Component mg/L

Calcium chloride 264.9
Ferric nitrate nonahydrate 0.10
Potassium chloride 400.0
Magnesium sulfate heptahydrate 200.0
Sodium chloride 6,400.0
Sodium bicarbonate 3,700.0
Sodium phosphate, monobasic (monohydrate) 125.0
Dextrose 4,500.0
Phenol red 15.0
Sodium pyruvate 110.0
l-Arginine hydrochloride 84.0
l-Cystine 48.0
Aminoacetic acid 30.0
l-Histidine hydrochloride monohydrate 42.0
l-Isoleucine 104.8
l-Leucine 104.8
l-Lysine hydrochloride 146.2
l-Methionine 30.0
l-Phenylalanine 66.0
l-Serine 42.0
l-Threonine 95.2
l-Tryptophan 16.0
l-Tyrosine 72.0
l-Valine 93.6
d-Calcium pantothenate 4.0
Choline chloride 4.0
Folic acid 4.0
Inositol 7.0
Nicotinamide 4.0
Pyridoxine hydrochloride 4.0
Riboflavin 0.40
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Thiamine hydrochloride 4.0
l-Glutamine solution:  Prepare 100 mL of a solution containing 29.2 g of l-glutamine.
Sodium pyruvate solution:  Prepare 100 mL of a solution containing 1.10 g of sodium

pyruvate.
Antibiotic-antimycotic solution:  Prepare 100 mL of a solution containing 0.85 g of sodium

chloride, 10,000 USP Units of penicillin G sodium, 10,000 µg of streptomycin (base), and
25 µg of amphotericin B in water.

Assay stock medium:  Mix 1000 mL of Dulbecco's modified Eagle's tissue culture medium,
10 mL of l-Glutamine solution, 10 mL of Sodium pyruvate solution, 10 mL of Antibiotic-
antimycotic solution, and 20 mL of fetal bovine serum.15

MTT–assay solution:  Dissolve 0.50 g of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide in 1 L of Assay stock medium, using constant stirring. 
Sterilize the solution by passing it through a filter of 0.2-µm pore size.

MTT formazan stock solution:  100 µg/mL of 1-(4,5-dimethylthiazol-2-yl)-3,5-
diphenylformazan in isopropyl alcohol

MTT formazan calibration solutions:  15, 30, 45, 60, and 75 µg/mL of MTT formazan,
using MTT formazan stock solution and diluting with isopropyl alcohol.

Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute by placing the tissue,

still in its ethyl vinyl acetate bag, in a water bath heated to between 34  and 37  for 2–3
min. The minimum amount of water in the water bath is 2 L/Human Fibroblast-Derived
Temporary Skin Substitute unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-
Derived Temporary Skin Substitute, and immerse the sections into separate, 3.0-mL

portions of MTT–assay solution. Incubate for 2 h at 37 ± 2  in a 3%–7% CO2–air
environment with shaking on an orbital shaker at 150–200 rpm. After incubation, remove

from the 37 , 3%–7% CO2–air environment. Remove the MTT–assay solution, and rinse
twice with DPBS working solution. Immerse the Human Fibroblast-Derived Temporary Skin
Substitute in 2 mL of isopropyl alcohol, and incubate at ambient temperature for 1 h with
shaking on an orbital shaker at approximately 125 rpm. Transfer 200-µL aliquots of the five
MTT formazan calibration solutions, in triplicate, and 200-µL aliquots of the three
isopropyl alcohol extracts of Human Fibroblast-Derived Temporary Skin Substitute to a
suitable 96-well, flat-bottom plate. Read the absorbance of each aliquot at 540 nm, using
200 µL of isopropyl alcohol as the blank. 
Plot the responses of the MTT formazan calibration solutions versus concentration, in µg
of MTT formazan/mL, and calculate the regression line using the least-squares method.
System suitability requirements:  The test is considered valid if the regression line has

a square of the correlation coefficient NLT 0.95.
Acceptance criteria:  The absorbance value of individual Human Fibroblast-Derived

Temporary Skin Substitute sections at 540 nm is less than 0.1.
•  DNA Content

Cell culture water:  Sterile water containing NMT 0.005 USP Endotoxin Unit/mL
DNA extraction buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated

container. Dissolve 12.110 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of
edetate disodium, 23.380 g of sodium chloride, and 0.080 g of sodium dodecyl sulfate,
with stirring. Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to a pH of 7.0.
Dilute with Cell culture water to 1 L.

Proteinase K solution:  Prepare a solution of Tritirachium album proteinase K in 10 mM of
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2-amino-2-hydroxymethyl-1,3-propanediol, adjusted to a pH of 7.5, having an activity of
600 units/mL.16

Working DNA extraction buffer:  Add 1.22 mL of Proteinase K solution to 38.78 mL of DNA
extraction buffer, and mix.

Dilution buffer:  Transfer 850 mL of Cell culture water to a sterile, 1-L graduated
container. Add 1.211 g of 2-amino-2-hydroxymethyl-1,3-propanediol, 3.802 g of edetate
disodium, and 5.844 g of sodium chloride, with stirring. Adjust with 1 N hydrochloric acid or
1 N sodium hydroxide to a pH of 7.0. Dilute with Cell culture water to 1 L.

DPBS without Ca++, Mg++ solution:  Prepare a solution containing 8.00 g/L of sodium
chloride, 1.15 g/L of dibasic sodium phosphate (anhydrous), 0.20 g/L of potassium
chloride, and 0.20 g/L of monobasic potassium phosphate in water.

Calf thymus DNA solution:  Prepare a solution containing 1 mg/L of calf thymus DNA in
DPBS without Ca++, Mg++ solution, mixing thoroughly for 12–24 h at ambient temperature.
Dilute the resulting solution with DPBS without Ca++, Mg++ solution to prepare a solution
containing 50 µg/mL of calf thymus DNA, mixing thoroughly on a vortex mixer for 10 min.

Calf thymus DNA calibration solutions:  Prepare four calibration solutions containing 5,
10, 15, and 20 µg/mL of calf thymus DNA, using Calf thymus DNA solution, and diluting
with DPBS without Ca ++, Mg++ solution.

DNA staining solution:  Prepare a solution containing 0.5 µg of 2¢-(4-hydroxyphenyl)-5-(4-
methyl-1-piperazinyl)-2,5¢-bi(1H-benzimidazole) trihydrochloride pentahydrate/mL of
Dilution buffer. Store in low-actinic glassware.

Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute by placing the tissue,

still in its ethyl vinyl acetate bag, in a water bath heated to between 34 –37  for 2–3
min. The minimum amount of water in the water bath is 2 L/Human Fibroblast-Derived
Temporary Skin Substitute unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-
Derived Temporary Skin Substitute. To each of three microcentrifuge tubes add 1 mL of
DPBS without Ca++, Mg++ solution. Immerse a single Human Fibroblast-Derived Temporary
Skin Substitute 11-mm × 11-mm section into each microcentrifuge tube to remove the
cryopreservative. Aspirate the DPBS without Ca++, Mg++ solution from each tube, and
replace with 1 mL of Working DNA extraction buffer, making sure that each Human
Fibroblast-Derived Temporary Skin Substitute is completely submerged in the extraction

buffer. Incubate the samples in a 56 –60  water bath for 4–8 h. Sonicate for 10–15 s
using an ultrasonic cell disrupter to achieve complete cellular disruption of the tissue and
to mix the contents of the tube. Centrifuge the microcentrifuge tubes at 12,000–15,000 ×
g to pellet non-DNA material. Transfer three 50-µL aliquots of each sample supernatant to
individual wells of a 96-well black plate suitable for performing fluorescent analysis.
Transfer triplicate 50-µL aliquots of each of the Calf thymus DNA calibration solutions to
the 96-well plate, as well as a 50-µL aliquot of DPBS working solution for the blank. Add
150 µL of DNA staining solution to all wells containing the tissue samples, Calf thymus DNA
calibration solutions, and the blank. Cover with aluminum foil, and place in a dark cabinet

for 30–45 min at 15 –30 . Read the fluorescence of each well, using an excitation
wavelength of 355 nm and an emission wavelength of 460 nm, blanking against the DPBS
without Ca ++, Mg++ solution well. Plot the responses of the Calf thymus DNA calibration
solutions versus concentration, in µg/mL of calf thymus DNA, and calculate the regression
line using the least-squares method. The test is considered valid if the %CV of the
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replicate values is less than 15%, the slope is 4.48–6.27, the y-intercept is 2.04 and
3.65, and the square of the correlation coefficient is NLT 0.990. From the regression line
so obtained, determine the amount of DNA, in µg/11-mm × 11-mm sample.

Acceptance criteria:  The amount of DNA of individual Human Fibroblast-Derived Temporary
Skin Substitute 11-mm × 11-mm section is 6–14 µg.

Change to read:
•  Total Collagen Content

DPBS without Ca++, Mg++ solution:  8 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, and 0.20 mg/mL of
monobasic potassium phosphate in Cell culture water
Proceed as directed for DNA Content.

DPBS with Ca++, Mg++ solution:  8.00 mg/mL of sodium chloride, 1.15 mg/mL of dibasic
sodium phosphate (anhydrous), 0.20 mg/mL of potassium chloride, 0.20 mg/mL of
monobasic potassium phosphate, 0.10 mg/mL of magnesium chloride hexahydrate, and
0.10 mg/mL of calcium chloride (anhydrous) in water

Collagenase extraction solution:  At least 250 Units/mL of Clostridium histolyticum
collagenase, type 2, in DPBS with Ca++, Mg++ solution

2% Acetic acid solution:  Mix 10 mL of acetic acid with 490 mL of water.
Collagen standard stock solution:  2 mg/mL of collagen, type I, in 2% Acetic acid solution
Collagen calibration standards:  Cut polyglactin mesh17 into seventeen 11-mm × 11-mm

squares, and place one square into 17 individual wells of a 24-well plate. Each well of the
24-well plate has a surface area of 220 mm2 and a volume of 3.5 mL. In quadruplicate,
prepare wells containing 0.050, 0.100, 0.200, and 0.400 mg of collagen by adding 25, 50,
100, and 200 µL, respectively, of the Collagen standard stock solution. The remaining well
to which no Collagen standard stock solution has been added is used as the blank. Allow
the wells to air dry.

Sirius red solution:  1 mg/mL of Direct Red 80 in saturated picric acid
1% (p-tert-Octylphenoxy) polyethoxyethanol solution:  Mix 10 mL of (p-tert-

Octylphenoxy) polyethoxyethanol in 990 mL of DPBS with Ca++, Mg++ solution.
Analysis:  Thaw Human Fibroblast-Derived Temporary Skin Substitute by placing the tissue,

still in its ethyl vinyl acetate bag, in a water bath heated to between 34  and 37  for 2–3
min. The minimum amount of water in the water bath is 2 L/Human Fibroblast-Derived
Temporary Skin Substitute unit. Cut three 11-mm × 11-mm sections of Human Fibroblast-
Derived Temporary Skin Substitute. Place each test section into separate wells of a 24-
well plate. Add 200 µL of 1% (p-tert-Octylphenoxy) polyethoxyethanol solution to each
sample. Shake on a rotating platform shaker at 100–150 rpm for 60–70 min at room
temperature. Aspirate off the 1% (p-tert-Octylphenoxy)polyethoxyethanol solution, and
rinse three times with 2 mL of DPBS without Ca++, Mg++ solution. Transfer each of the
collagen standards to individual wells of the 24-well plate. Add 0.5 mL of Sirius red
solution to each test sample and collagen standards. Shake on a rotating platform shaker
at 100–150 rpm for 60 min at room temperature. Aspirate off the Sirius red solution from
each well. Rinse each well twice with 2 mL of DPBS without Ca++, Mg++ solution. Add an
additional 2 mL of DPBS without Ca++, Mg++ solution to each well, and allow to stand for
2 min. Aspirate off the DPBS without Ca++, Mg++ solution, and rinse twice more with 2 mL
of DPBS without Ca++, Mg++ solution. Aspirate off all traces of DPBS without Ca++, Mg++
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solution. Add 0.5 mL of Collagenase extraction solution to each well containing the
Collagen calibration standards. Add 2.0 mL of Collagenase extraction solution to each well
containing test samples. Rotate the plate on an orbital rotator at 150 rpm for 90 min at 37

. Transfer 200 µL from each well, to a suitable 96-well, flat-bottom plate. Read the
absorbance of each aliquot at 540 nm. Dilute the Human Fibroblast-Derived Temporary
Skin Substitute sample preparation further with DPBS without Ca++, Mg++ solution if the
absorbance is greater than the absorbance of the highest of the Collagen calibration
standards. 
Plot the responses of the Collagen calibration standards versus the amount, in mg of
collagen, and calculate the regression line using the least-squares method.
System suitability requirements:  The test is considered valid if the slope is 3.00–5.00

and the square of the correlation coefficient is  0.950.

Determine the collagen content, in mg, of an 11- × 11-mm section of Human Fibroblast-
Derived Temporary Skin Substitute from the regression line, and by using the following
equation:

Result = D × A × SCSR

D = dilution factor (normally 4, unless the sample had to be further diluted)
A = absorbance at 540 nm
SCSR= slope of the regression line of the standards calculated above

Acceptance criteria:  The amount of collagen in individual Human Fibroblast-Derived
Temporary Skin Substitute 11- × 11-mm samples is 0.50–4.0 mg.

•  Bacterial Endotoxins Test 85
Sample solution:  Thaw Human Fibroblast-Derived Temporary Skin Substitute by placing

the tissue, still in its polycarbonate cassette contained in a plastic covering bag, in a

water bath heated to a maximum of 37  for 15–20 min until no visible ice remains in the
cassette. The minimum amount of water in the water bath is 2 L/Human Fibroblast-Derived
Temporary Skin Substitute unit.

Analysis:  Remove the unit from the polycarbonate cassette, and immerse in 25 mL of LAL

Reagent Water. Extract for 60 min at 37  with shaking on an orbital shaker set at 125
revolutions/min. Remove a 4-mL aliquot of the extract for testing.

Acceptance criteria:  NMT 0.5 USP Endotoxin Unit/mL

•  Sterility Tests 71
Sample solution:  Thaw Human Fibroblast-Derived Temporary Skin Substitute by placing

the tissue, still in its polycarbonate cassette contained in a plastic covering bag, in a

water bath heated to a maximum of 37  for 15–20 min until no visible ice remains in the
cassette. The minimum amount of water in the water bath is 2 L/Human Fibroblast-Derived
Temporary Skin Substitute unit.

Analysis:  Perform the test on 20 mL of the cryopreservative.
Acceptance critera:  Meets the requirements

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Human Fibroblast-Derived Temporary Skin Substitute is aseptically
packaged and supplied frozen in a clear plastic cassette containing two, approximately
12.5- × 19-cm units. The solution within the cassette is a phosphate-buffered
cryoprotectant solution used to facilitate long-term storage. A clear plastic bag surrounds
the cassette for its protection. Human Fibroblast-Derived Temporary Skin Substitute should

be stored at a temperature of 70  to 20  for no longer than 18 months.
•  Labeling: The label indicates the dimensions of the Human Fibroblast-Derived Temporary

Skin Substitute material enclosed. It contains the expiry date, required storage conditions,
and the lot number. The label cautions that Human Fibroblast-Derived Temporary Skin
Substitute is not to be used if the package shows signs of damage. Additional labeling
requirements include instructions on the proper thawing and handling of Human Fibroblast-
Derived Temporary Skin Substitute and the time frame for use after package opening.

Change to read:

•  USP Reference Standards, Authentic Visual References 11 : USP Human Fibroblast-
Derived Skin Substitute Reference Photomicrographs. These three photomicrographs
represent examples of passing units, prepared as directed in Hematoxylin–eosin staining,
Collagen staining, and Distribution of fibronectin. They are specified to assist in
ascertaining histological quality. The fibroblasts are embedded in an extracellular matrix
that they have secreted (USP Human Fibroblast-Derived Skin Substitute Reference
Photomicrograph 1). The collagen (USP Human Fibroblast-Derived Skin Substitute
Reference Photomicrograph 2) and fibronectin (USP Human Fibroblast-Derived Skin
Substitute Reference Photomicrograph 3) are to be found throughout the extracellular
matrix. The nylon fibers (yellow in USP Human Fibroblast-Derived Skin Substitute Reference
Photomicrograph 1) and the silicone backing (gray in USP Human Fibroblast-Derived Skin
Substitute Reference Photomicrograph 1) are frequently visible, although easily lost during
processing. However, at this magnification, the presence of these components is the only
visible difference between the Cryopreserved Human Fibroblast-Derived Dermal Substitute
and the Human Fibroblast-Derived Temporary Skin Substitute.

•  USP Reference Standards 11
USP Endotoxin RS

1  A suitable Buffered formalin can be obtained from VWR International, 1310 Goshen Pkwy., West Chester, PA
19380.

2  A suitable histological tissue cassette can be obtained from Sakura Finetek U.S.A., Inc., 1750 West 214th
St., Torrance, CA 90501.

3  A suitable histological tissue cassette basket can be obtained from Sakura Finetek U.S.A., Inc., 1750 West
214th St., Torrance, CA 90501.

4  A suitable histological xylene substitute is C itrosolve® C learing Agent, available from Fisher Scientific, 200
Park Ln., Pittsburgh, PA 15275.

5  A suitable paraffin for use is Tissue Prep* 2 Embedding Media, available from Fisher Scientific, 200 Park Ln.,
Pittsburgh, PA 15275.

6  A suitable histological adhesive for use is Histoslide® Adhesive, which can be obtained from Poly Scientific
Research Corp., 70 C leveland Ave., Bay Shore, NY 11706-1282.

7  A suitable bluing reagent can be obtained from Sigma-Aldrich Corp., P.O. Box 14508, St. Louis, MO 63178.
8

  These photomicrographs are available as a CD from the USP Reference Standards collection, available to the
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user through USP Customer Services. To order these and other Reference Standards, call 1-800-227-8772
(U.S. and Canada), +1-301-881-0666 or 00-800-4875-5555 (select Europe); or go online to www.usp.org.
Order item number 1535857.

9  A suitable Diaminobenzidine solution can be obtained from Sigma-Aldrich Corp., P.O. Box
14508, St. Louis, MO 63178; catalog number D-6815.
10  A suitable normal rabbit serum can be obtained from Dako Corp., 6392 Via Real, Carpinteria,
CA 93013.
11  Suitable rabbit anti-human fibronectin antibodies can be obtained from Dako Corp., 6392 Via
Real, Carpinteria, CA 93013.
12  Suitable antibody diluent can be obtained from Dako Corp., 6392 Via Real, Carpinteria, CA
93013.
13  Suitable biotinylated goat anti-rabbit antibody solution can be obtained from BioGenex,
4600 Norris Canyon Rd., San Ramon, CA 94583.
14  A suitable streptavidin conjugated horseradish peroxidase solution can be obtained from
BioGenex, 4600 Norris Canyon Rd., San Ramon, CA 94583.
15  A suitable fetal bovine serum can be obtained from HyClone, 925 West 1800 South, Logan,
UT 84321; catalog number SH30070.03.
16  A suitable Proteinase K solution can be obtained from Roche Diagnostics Corp., Roche
Applied Sciences, P.O. Box 50414, 9115 Hague Rd., Indianapolis, IN 46250-0414.
17  A suitable polyglactin mesh can be obtained from Ethicon Co., Johnson & Johnson Corp.,
425 Hoes Ln., P.O. Box 6800, Piscataway, NJ 08855.

BRIEFING

Sodium Chloride Ophthalmic Ointment, USP 36 page 5159. The monograph is revised as
follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. The Assay was revised to include a formula to calculate the percentage of sodium

chloride.
3. In addition, the Packaging and Storage section was updated to include storage

conditions.

(SM4: M. Koleck.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Sodium Chloride Ophthalmic Ointment

DEFINITION

Sodium Chloride Ophthalmic Ointment is Sodium Chloride in a suitable ophthalmic ointment base.
It contains NLT 90.0% and NMT 110.0% of the labeled amount of sodium chloride (NaCl). It is
sterile.

IDENTIFICATION
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•  A. Identification Tests—General, Sodium 191
Sample solution:  Transfer a quantity of Ophthalmic Ointment, equivalent to about 200 mg

of sodium chloride, to a separator containing 25 mL of ether, and extract with 5 mL of
water. Use the aqueous extract.

Acceptance criteria:  Meets the requirements

•  B. Identification Tests—General, Chloride 191
Sample solution:  Use the Sample solution from Identification test A.
Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample solution:  Transfer a quantity of Ophthalmic Ointment, equivalent to about 100 mg
of sodium chloride, to a separator containing 50 mL of ether, and extract with four 20-mL
portions of water. Combine the aqueous extracts in a conical flask, evaporate to a volume
of about 10 mL, and add 10 mL of glacial acetic acid, 75 mL of methanol, and 0.5 mL of
eosin Y TS.

Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 N silver nitrate VS
Endpoint detection:  Visual

Analysis:  Titrate, with shaking, with Titrant to a pink endpoint. Each mL of 0.1 N silver
nitrate is equivalent to 5.844 mg of NaCl.
 
Calculate the percentage of the labeled amount of sodium chloride in the portion of
Ophthalmic Ointment taken:

Result = V × N × (F/W) × 100

V= Titrant volume consumed by the sample (mL)
N= Titrant normality (meq/mL)
F= equivalent weight of sodium chloride, 58.44 mg/meq
W= nominal amount of sodium chloride in the Sample solution (mg)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 
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Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.
Store at controlled room temperature. Store away from heat. Protect from freezing.

BRIEFING

Sodium Picosulfate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analyses and similar to the current
European Pharmacopoeia monograph, is being proposed. For the liquid chromatographic
procedure in the test for Organic Impurities, the Purospher RP 18 brand of L1 column was
found to be suitable. The typical retention time for the sodium picosulfate peak is about 7.4
min.

(SM3: E. Gonikberg.)
Correspondence Number—C133154

Comment deadline: November 30, 2013

Add the following:
Sodium Picosulfate

C18H13NNa2O8S2·H2O       499.42 
C18H13NNa2O8S2       481.41 

4,4¢-(2-Pyridylmethylene)diphenyl bis(hydrogen sulfate) disodium salt, monohydrate;     
Disodium 4,4¢-(pyridin-2-ylmethanediyl)dibenzenesulfonate;     
4,4¢-(Pyridin-2-ylmethylene)bisphenyl bis (sodium sulfate), monohydrate     [10040-45-6].

DEFINITION

Sodium Picosulfate contains NLT 98.5% and NMT 100.5% of sodium picosulfate
(C18H13NNa2O8S2), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197
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[Note—Methods described in Infrared Absorption 197K , 197M , or 197A  may be used.]

•  B. Identification Tests—General, Sodium 191 : Meets the requirements for the
pyroantimonate precipitate test

ASSAY
•  Procedure

Sample solution:  Dissolve 400 mg of Sodium Picosulfate in 80 mL of methanol.

Analysis:  Titrate with 0.1 N perchloric acid VS (see Titrimetry 541 ), determining the
endpoint potentiometrically. Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 48.14 mg of sodium
picosulfate (C18H13NNa2O8S2).

Acceptance criteria:  98.5%–100.5% on the anhydrous basis

IMPURITIES

•  Chloride and Sulfate, Chloride 221 : A 1.0-g portion shows no more chloride than
corresponds to 0.30 mL of 0.020 N hydrochloric acid: NMT 0.02%.

•  Chloride and Sulfate, Sulfate 221 : A 500-mg portion shows no more sulfate than
corresponds to 0.20 mL of 0.020 N sulfuric acid: NMT 0.04%.

•  Organic Impurities
Buffer:  2.3 g/L of dibasic sodium phosphate dihydrate in water. For each liter of solution,

add 200 mg of cetylrimethylammonium bromide, and adjust with phosphoric acid to a pH of
7.5.

Mobile phase:  Acetonitrile and Buffer (45:55). [Note—If necessary, vary the
buffer/acetonitrile proportion in 10-mL increments per L of Mobile phase in order to fulfill
the resolution requirement.]

Impurity solution:  0.025 mg/mL of USP Sodium Picosulfate Related Compound A RS in
Mobile phase

System suitability solution:  0.5 mg/mL of sodium picosulfate and 0.5 µg/mL of USP
Sodium Picosulfate Related Compound A RS (from Impurity solution), in Mobile phase

Sample solution:  0.5 mg/mL of Sodium Picosulfate in Mobile phase
Diluted sample solution:  0.5 µg/mL of Sodium Picosulfate in Mobile phase, from Sample

solution
Sensitivity solution:  0.25 µg/mL of Sodium Picosulfate in Mobile phase, from Diluted

sample solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 263 nm
Column:  4.6-mm or 4.0-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  40 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 
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Resolution:  NLT 4 between sodium picosulfate related compound A and sodium
picosulfate, System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Samples:  Sample solution and Diluted sample solution

Calculate the percentage of each impurity in the portion of Sodium Picosulfate taken:

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

rU= response for each impurity from the Sample solution

rS= response for sodium picosulfate from the Diluted sample solution

CS= concentration of sodium picosulfate in the Diluted sample solution (mg/mL)

CU= concentration of Sodium Picosulfate in the Sample solution (mg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1.
Disregard limit:  0.05%

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria

(%)

4,4¢-[(Pyridin-2-yl)
methylene]bisphenol 0.5 2.0 0.2

4-[(Pyridin-2-yl)(4-
hydroxyphenyl)methyl]phenyl sodium
sulfate (sodium picosulfate related
compound A) 0.7 1.4 0.2

Sodium picosulfate 1.0 — —
Any other individual impurity — 1.0 0.10
Total impurities — — 0.5

SPECIFIC TESTS
•  Color of Solution

Standard solution:  Mix 0.75 mL of Matching Fluid O (see Color and Achromicity 631 )
with 99.25 mL of dilute hydrochloric acid (10 g/L).

Sample solution:  Dissolve 2.5 g of Sodium Picosulfate in 50 mL of carbon dioxide-free
water. [Note—Retain the remaining portion of the Sample solution for the test for Acidity
and Alkalinity.]

Analysis:  Proceed as directed in Color and Achromicity 631 .
Acceptance criteria:  The Sample solution is not more intensely colored than the Standard

solution.
•  Acidity and Alkalinity

Analysis:  To 10 mL of the portion of Sample solution retained from the test for Color of
Solution add a drop of phenolphthalein TS.

Acceptance criteria:  The solution is colorless. NMT 0.25 mL of 0.01 N sodium hydroxide is
required to change the color of the indicator to pink.
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•  Water Determination, Method Ia 921 : 3.0%–5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at room

temperature.

•  USP Reference Standards 11
USP Sodium Picosulfate RS
USP Sodium Picosulfate Related Compound A RS 

4-[(Pyridin-2-yl)(4-hydroxyphenyl)methyl]phenyl sodium sulfate.     
C18H14NNaO5S      379.36

BRIEFING

Somatropin, USP 36 page 5178. The following changes are proposed:

1. Move the official animal-based Bioidentity test to the new general test chapter

Somatropin Bioidentity Tests 126 . The new chapter will also contain a modern
cell-based method for confirming bioidentity of Somatropin drug substances.

2. Delete the link to general information chapter Biotechnology-Derived Articles—Tests 

1047 , which has been omitted.
3. Add an option for using sodium hydroxide to adjust the pH in the Assay, Buffer solution.
4. Apply current USP style.

(BIO1: M. Kibbey.)
Correspondence Number—C126044

Comment deadline: November 30, 2013
Somatropin

C990H1528N262O300S7       22,124.77 
[12629-01-5].

DEFINITION

Somatropin is a protein hormone consisting of 191 amino acid residues, and its structure
corresponds to the major component of the growth hormone extracted from human pituitary
glands. It is produced as a lyophilized powder or bulk solution by methods based on
recombinant DNA technology. When prepared as a lyophilized powder, it contains NLT 910 µg of
somatropin/mg, calculated on the anhydrous basis. When prepared as a bulk solution, it
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contains NLT 910 µg of somatropin/mg of total protein. The presence of host-cell DNA and
host-cell protein impurities in Somatropin is process specific—the limits of these impurities are
determined by validated methods. Manufacturers must demonstrate a correlation between the
Assay and a validated and approved growth promotion-based bioassay. It may contain
excipients.
[Note—1 mg of anhydrous Somatropin is equivalent to 3.0 USP Somatropin Units.]

IDENTIFICATION
•  A. The retention time of the somatropin peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the test for Impurities, Chromatographic Purity,
except that a Standard solution is also chromatographed and prepared by reconstituting a
vial of USP Somatropin RS with Diluent to obtain a known concentration of about 2 mg/mL.

Change to read:
•  B. Peptide Mapping

(See Biotechnology-Derived Articles—Tests 1047 .)

Solution A:  Trifluoroacetic acid and water (1:999). Filter and degas.
Solution B:  Water, trifluoroacetic acid, and acetonitrile (100:1:899)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
20 80 20
40 75 25
65 50 50
70 20 80
71 100 0
86 100 0

Solution C:  0.05 M solution of tris(hydroxymethyl)aminomethane (Tris). Adjust with
hydrochloric acid to a pH of 7.5.

Trypsin solution:  1 mg/mL of trypsin in Solution C. Store in a freezer, if necessary.
Standard stock solution:  2.0 mg/mL of USP Somatropin RS in Solution C
Standard solution:  To 1 mL of the Standard stock solution add 30 µL of Trypsin solution.

Cap the tube, and place it in a water bath at 37  for 4 h. [Note—If this solution is not
injected immediately, store it in a freezer.]

Sample stock solution:  2.0 mg/mL of Somatropin in Solution C
Sample solution:  To 1 mL of the Sample stock solution add 30 µL of Trypsin solution. Cap

the tube, and place it in a water bath at 37  for 4 h. [Note—If this solution is not injected
immediately, store it in a freezer.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
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Column:  4.6-mm × 25-cm; packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  100 µL

Analysis 
Samples:  Standard solution and Sample solution, separately injected
[Note—Condition the chromatographic system by running a blank gradient program before

injecting the digests.]
Acceptance criteria:  The chromatographic profile of the Sample solution is similar to that

of the Standard solution.

Change to read:
•  C.

Somatropin Bioidentity Tests 126 :
Meets the requirements
Solution A:  0.1 M ammonium bicarbonate. Adjust with sodium hydroxide to a pH of 8.0.
Standard solutions:  Reconstitute the USP Somatropin RS and dilute quantitatively

withSolution Ato obtain solutions having known concentrations of 10–100 µg/mL.
Sample solutions:  Prepare a solution of Somatropin and dissolve in Solution A to obtain

solutions having concentrations similar to those of the Standard solutions. [Note—Do not
agitate while mixing; swirl gently.]

Control:  Solution A
Test animals:  Select an appropriate number of only female or only male Sprague Dawley rats

hypophysectomized at 25–30 days of age. After hypophysectomization, feed the rats on rat
chow and 5% dextrose water for at least 72 h. After 72 h, feed the rats on rat chow and
filtered and deionized water adjusted with 1 N hydrochloric acid to a pH of 3.0 ± 0.25. Weigh
the rats when they are 37–44 days old, and retain only healthy rats. Reweigh the remaining
rats 7 days later, and use only those rats that are in good health and have not gained or lost
more than 10% of their body weight in the previous 7-day period.

Analysis:  Randomly divide the rats into control, standard, and test groups, each group
containing approximately 10 rats. Each day for 10 days inject subcutaneously 0.1 mL of the
Control, Standard solutions, and Sample solutions to the control, standard, and test groups,
respectively. Record the body weight of each animal at the start of the test and at
approximately 18 h after the 10th injection. Determine the change in body weight for each rat
during the 10-day period, and compute the potency of the Sample solution relative to that of
the Standard solution using appropriate statistical analysis. Calculate the mean potency in
USP Somatropin Units/mg, and also using appropriate statistical methods, calculate the width,
L, of a 95% confidence interval for the estimated logarithm of the relative potency.

Acceptance criteria:  NLT 2 USP Somatropin Units/mg is found; L is NMT 0.40, which
corresponds to confidence limits 63%–158% of the calculated potency. If L is more than
0.40, repeat the test until the results from two or more tests, combined by appropriate
statistical methods, meet this criteria.

[Note—The bioidentity test may be performed either on the Somatropin bulk drug substance or
on the finished pharmaceutical product.]

ASSAY
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Change to read:
•  Somatropin Content

Buffer solution:  Dissolve 5.18 g of dibasic sodium phosphate and 3.65 g of monobasic
sodium phosphate in 950 mL of water. Adjust with phosphoric acid
or sodium hydroxide solution

to a pH of 7.0. Dilute with water to 1000 mL.
Mobile phase:  Isopropyl alcohol and Buffer solution (3:97). Filter and degas.
Diluent:  Buffer solution and water (1: 1.5)

System suitability solution:  Place 1 vial of USP Somatropin RS in an oven at 50  for 12–
24 h. Remove from the oven, and dissolve the contents of the vial in Diluent to obtain a
solution having a known concentration of about 1 mg/mL and containing a dimer content
of 1%–2%.

Standard solution:  Known concentration of about 1 mg/mL of USP Somatropin RS in
Diluent

Sample solution:  About 1 mg/mL of accurately weighed Somatropin in Diluent, or by
diluting a bulk solution of Somatropin with Diluent. [Note—If necessary, the amount of
protein in solution can be determined by the test for Total Protein.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  7.8-mm × 30-cm; packing L33
Column temperature:  Ambient
Flow rate:  0.6 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NMT 0.4 for the ratio of the valley height, between the dimer and the
monomer, and the dimer peak height

Tailing factor:  NMT 1.7 for the monomer (major) peak
Analysis 

Samples:  Standard solution and Sample solution, separately injected

Record the chromatograms for NLT twice the retention time of the somatropin monomer
peak (major peak), and measure the peak responses for the monomer. Calculate the
concentration, in mg/mL, of somatropin in the Sample solution taken:

Result = (rU/rS) × CS

rU= peak response of the monomer in the Sample solution
rS= peak response of the monomer in the Standard solution
CS= concentration of USP Somatropin RS in the Standard solution (mg/mL)

Acceptance criteria:  NLT 910 µg of somatropin/mg on the anhydrous basis. When
prepared as a bulk solution, it contains NLT 910 µg of somatropin/mg of total protein.

IMPURITIES
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•  Chromatographic Purity
Diluent:  0.05 M Tris in water. Adjust with hydrochloric acid to a pH of 7.5.
Mobile phase:  n-Propyl alcohol and degassed Diluent (29:71). Filter.
System suitability solution:  2.0 mg/mL of Somatropin in Diluent. Pass through a filter to

sterilize or add sodium azide to a final concentration of 0.01%, and allow to stand at room
temperature for 24 h. [Note—Use within 48 h of preparation, or store the solution in a
refrigerator until ready to use.]

Sample solution:  2.0 mg/mL of Somatropin in Diluent, prepared immediately before use.

[Note—Maintain the solutions between 2  and 8 , and use within 24 h. If an automatic

injector is used, maintain the temperature between 2  and 8 .]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; packing L26

Column temperature:  45
Flow rate:  0.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 1.0 between somatropin and its adjacent peak
Tailing factor:  0.9–1.8 for the somatropin peak (major peak)

Analysis 
Sample:  Sample solution

Calculate the percentage of impurities in the portion of Somatropin taken:

Result = [AU/(AU + AS)] × 100

AU= sum of all the peak responses other than the somatropin peak (major peak) and
disregarding any peak due to the solvent

AS= peak response for somatropin

Acceptance criteria:  NMT 6.0% of total impurities is found.
•  Limit of High Molecular Weight Proteins

Buffer solution, Mobile phase, Diluent, System suitability solution, Sample solution,
Chromatographic system, and System suitability:  Prepare as directed in the Assay.

Analysis 
Samples:  System suitability solution and Sample solution 

Measure the areas of the main peak and of the peaks eluting before the main peak,
excluding the solvent peaks. 
Calculate the percentage of high molecular weight proteins in the portion of Somatropin
taken:

Result = [AH/(AH + AM)] × 100

AH= sum of the areas of the high molecular weight peaks
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AM= area of the monomer peak of the Sample solution

Acceptance criteria:  NMT 4% of high molecular weight proteins is found.

SPECIFIC TESTS
•  Total Protein Content 

(See Spectrophotometry and Light-Scattering 851 .)
Buffer solution:  0.025 M solution of monobasic potassium phosphate in water. Adjust with

sodium hydroxide to a pH of 7.0.
Sample solution:  Dissolve a weighed quantity of Somatropin in Buffer solution to obtain a

solution having an absorbance value between 0.5 and 1.0 at the wavelength of maximum
absorbance at 280 nm.

Analysis:  Determine the absorbance of the Sample solution using a spectrophotometric cell
of path length 1 cm, at the wavelength of maximum absorbance around 280 nm and at
320 nm, using Buffer solution as the blank. 
Calculate the protein content, in mg, in the portion of Somatropin taken:

Result = (Amax  A320) × (V/0.82)

Amax= absorbance value of the Sample solution at the wavelength of maximum absorbance
A320= absorbance value of the Sample solution at 320 nm
V = volume of the Sample solution

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 3 × 102 cfu/g, the test being performed on 0.2–0.3 g
of powder, accurately weighed.

•  Water Determination, Method Ic 921 : NMT 10%, when prepared as a lyophilized powder

•  Bacterial Endotoxins Test 85 : NMT 10 USP Endotoxin Units/mg of Somatropin

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers, and store between 10  and 25 .
•  Labeling: The labeling states that the material is of recombinant DNA origin.

•  USP Reference Standards 11
USP Endotoxin RS
USP Somatropin RS 

BRIEFING

Somatropin for Injection, USP 36 page 5180. The following changes are proposed:

1. The official animal-based Bioidentity test has been moved to new general chapter

Somatropin Bioidentity Tests 126 . This chapter also will contain a modern cell-
based method for confirming the bioidentity of Somatropin for Injection.

2. An option for using sodium hydroxide to adjust the Buffer solution in the Assay also has
been added.

3. Apply current USP style.

(BIO1: M. Kibbey.)
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Correspondence Number—C126044

Comment deadline: November 30, 2013
Somatropin for Injection

DEFINITION

Somatropin for Injection is a sterile, lyophilized mixture of Somatropin with one or more suitable
buffering and stabilizing agents. It contains NLT 89.0% and NMT 110.0% of the amount of
somatropin stated on the label. Manufacturers must demonstrate a correlation between the
Assay and a validated and approved growth-promotion-based bioassay.
[Note—One mg of anhydrous Somatropin is equivalent to 3.0 USP Somatropin Units.]

IDENTIFICATION
•  A. The retention time of the somatropin peak of the Sample solution corresponds to that of

the Standard solution, as obtained in Chromatographic Purity in Impurities, except that a
Standard solution is also chromatographed and prepared by reconstituting a vial of USP
Somatropin RS with Diluent to obtain a known concentration of about 2 mg/mL.

Change to read:
•  B.

Somatropin Bioidentity Tests 126 :
Meets the requirements

Solution A:  0.1 M ammonium bicarbonate. Adjust with sodium hydroxide to a pH of 8.0.
Standard solutions:  Reconstitute the USP Somatropin RS and dilute quantitatively

withSolution Ato obtain solutions having known concentrations of 10–100 µg/mL.
Sample solutions:  Prepare a solution of Somatropin and dissolve in Solution A to obtain

solutions having concentrations similar to those of the Standard solutions. [Note—Do not
agitate while mixing; swirl gently.]

Control:  Solution A
Test animals:  Select an appropriate number of only female or only male Sprague Dawley rats

hypophysectomized at 25–30 days of age. After hypophysectomization, feed the rats on rat
chow and 5% dextrose water for at least 72 h. After 72 h, feed the rats on rat chow and
filtered and deionized water adjusted with 1 N hydrochloric acid to a pH of 3.0 ± 0.25. Weigh
the rats when they are 37–44 days old, and retain only healthy rats. Reweigh the remaining
rats 7 days later, and use only those rats that are in good health and have not gained or lost
more than 10% of their body weight in the previous 7-day period.

Analysis:  Randomly divide the rats into control, standard, and test groups, each group
containing approximately 10 rats. Each day for 10 days inject subcutaneously 0.1 mL of the
Control, Standard solutions, and Sample solutions to the control, standard, and test groups,
respectively. Record the body weight of each animal at the start of the test and at
approximately 18 h after the 10th injection. Determine the change in body weight for each rat
during the 10-day period, and compute the potency of the Sample solution relative to that of
the Standard solution using appropriate statistical analysis. Calculate the mean potency in
USP Somatropin Units/mg, and also using appropriate statistical methods, calculate the width,
L, of a 95% confidence interval for the estimated logarithm of the relative potency.

Acceptance criteria:  NLT 2 USP Somatropin Units/mg is found; L is NMT 0.40, which

2S (USP37)
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corresponds to confidence limits 63%–158% of the calculated potency. If L is more than
0.40, repeat the test until the results from two or more tests, combined by appropriate
statistical methods, meet this criteria.

[Note—The bioidentity test may be performed either on the somatropin bulk drug substance or
on the finished pharmaceutical product.]

ASSAY

Change to read:
•  Somatropin Content

Buffer solution:  5.18 g of dibasic sodium phosphate and 3.65 g of monobasic sodium
phosphate in 950 mL of water. Adjust with phosphoric acid
or sodium hydroxide solution

to a pH of 7.0. Dilute with water to 1000 mL.
Mobile phase:  Isopropyl alcohol and Buffer solution (3:97). Filter, and degas.
Diluent:  Buffer solution and water (1: 1.5)

System suitability solution:  Place one vial of USP Somatropin RS in an oven at 50  for
12–24 h. Remove from the oven, and dissolve the contents of the vial in Diluent to obtain
a solution having a known concentration of about 1 mg/mL and containing a dimer content
of 1%–2%.

Standard solution:  Known concentration of about 1 mg/mL of USP Somatropin RS in
Diluent

Sample solution:  Dissolve the contents of a suitable number of containers in Diluent to
obtain a concentration of 1 mg/mL of somatropin.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  7.8-mm × 30-cm; packing L33
Column temperature:  Ambient
Flow rate:  0.6 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NMT 0.4 for the ratio of the valley height, between the dimer and the
monomer, and the dimer peak height

Tailing factor:  NMT 1.7 for the monomer (major) peak
Analysis 

Samples:  Standard solution and Sample solution, separately injected

Record the chromatograms for NLT twice the retention time of the somatropin monomer
peak (major peak), and measure the peak responses for the monomer. 
Calculate the percentage of somatropin per container:

Result = (rU/rS)× CS × (V/N) × 100

rU= peak response of the monomer in the Sample solution

2S (USP37)
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rS= peak response of the monomer in the Standard solution
CS= concentration of USP Somatropin RS in the Standard solution (mg/mL)
V= total volume of the Sample solution (mL)
N= number of containers used to obtain the Sample solution

Acceptance criteria:  89.0%–110.0%

IMPURITIES
•  Chromatographic Purity

Diluent:  0.05 M tris(hydroxymethyl)aminomethane in water. Adjust with hydrochloric acid
to a pH of 7.5.

Mobile phase:  n-Propyl alcohol and degassed Diluent (29:71). Filter.
System suitability solution:  2.0 mg/mL of somatropin in Diluent. Pass through a filter to

sterilize or add sodium azide to a final concentration of 0.01%, and allow to stand at room
temperature for 24 h. [Note—Use within 48 h of preparation, or store the solution in a
refrigerator until ready to use.]

Sample solution:  2.0 mg/mL of somatropin in Diluent, prepared immediately before use.

[Note—Maintain the solutions between 2  and 8 , and use within 24 h. If an automatic

injector is used, maintain the temperature between 2  and 8 .]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; packing L26

Column temperature:  45
Flow rate:  0.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 1.0 between somatropin and its adjacent peak
Tailing factor:  0.9–1.8 for the somatropin peak (major peak)

Analysis 
Sample:  Sample solution 

Calculate the percentage of impurities in the portion of Somatropin for Injection taken:

Result = [AU/(AU + AS)] × 100

AU= sum of all the peak responses other than the somatropin peak (major peak),
disregarding any peak due to the solvent

AS= peak response of somatropin

Acceptance criteria:  NMT 12% of total impurities
•  Limit of High Molecular Weight Proteins

Buffer solution, Mobile phase, Diluent, System suitability solution, Sample solution,
Chromatographic system, and System suitability:  Prepare as directed in the Assay.

Analysis 
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Samples:  System suitability solution and Sample solution

Measure the areas of the main peak and of the peaks eluting before the main peak,
excluding the solvent peaks. 
Calculate the percentage of high molecular weight proteins in the portion of Somatropin
for Injection taken:

Result = [AH/(AH + AM)] × 100

AH= sum of the areas of the high molecular weight peaks
AM= peak area of the monomer in the Sample solution

Acceptance criteria:  NMT 6% of high molecular weight proteins

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 20 USP Endotoxin Units/mg of Somatropin

•  Sterility Tests 71 : Meets the requirements in Test for Sterility of the Product to Be
Examined, Membrane Filtration

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers, and store between 2  and 8 .
•  Labeling: The labeling states that the material is of recombinant DNA origin.

•  USP Reference Standards 11
USP Endotoxin RS
USP Somatropin RS 

BRIEFING

Spironolactone Compounded Oral Suspension. Because there is no existing USP monograph
for this dosage form, a new monograph is being proposed. The liquid chromatographic
procedure in the Assay is based on analyses validated using the Zorbax SB-Phenyl brand of
L11 column. The typical retention time for spironolactone is about 10.7 min.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129890

Comment deadline: November 30, 2013

Add the following:
Spironolactone Compounded Oral Suspension

DEFINITION

Spironolactone Compounded Oral Suspension contains NLT 90.0% and NMT 110.0% of the
labeled amount of spironolactone (C24H32O4S). Prepare Spironolactone Compounded Oral

Suspension 5 mg/mL as follows (see Pharmaceutical Compounding—Nonsterile Preparations 

795 ).

Spironolactone tablet(s)a equivalent to 500 mg
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Ora-Blendb, a sufficient quantity to make 100 mL

a  Spironolactone 25-mg tablet, Qualitest Pharmaceuticals, Huntsville, AL.

b  Perrigo Pharmaceuticals, Allegan, MI.

Crush the Spironolactone tablet(s) to a fine powder, and pass through a 40-mesh sieve. Wet
the powder with a small amount of Ora-Blend, and triturate to make a smooth paste. Add the
Ora-Blend to make the mortar contents pourable. Transfer the contents stepwise and
quantitatively to a calibrated container using the remainder of the Ora-Blend. Add sufficient
Ora-Blend to bring to final volume. Shake to mix well.

ASSAY
•  Procedure

Mobile phase:  Mix 435 mL of water with 2.7 mL of phosphoric acid and 50 mL of methanol.
Combine the solution with 515 mL of acetonitrile and mix well. Filter and degas.

Standard solution:  0.2 mg/mL of USP Spironolactone RS in Mobile phase
Sample solution:  Shake each bottle of Oral Suspension thoroughly. Transfer 1.0 mL of Oral

Suspension into a 25-mL volumetric flask, dilute with Mobile phase to volume, and mix well
to dissolve.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 238 nm
Column:  4.6-mm × 25-cm; 5-µm packing L11
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for spironolactone is about 10.7 min.]
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of spironolactone (C24H32O4S) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of spironolactone from the Sample solution
rS= peak response of spironolactone from the Standard solution
CS= concentration of spironolactone in the Standard solution (mg/mL)
CU= nominal concentration of spironolactone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%
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SPECIFIC TESTS

•  pH 791 : 3.6–4.6

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Package in tight, light-resistant containers. Store at 2 –8  or at
controlled room temperature.

•  Labeling: Label Oral Suspension to indicate that it is to be well shaken before use, and to
state the Beyond-Use Date.

•  Beyond-Use Date: NMT 90 days after the date on which it was compounded when stored

at 2 –8  or at controlled room temperature

•  USP Reference Standards 11
USP Spironolactone RS 

BRIEFING

Spironolactone Oral Suspension, USP 36 page 5188. See the Briefing under Spironolactone
Compounded Oral Suspension, Veterinary.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129438

Comment deadline: November 30, 2013

Add the following:
Spironolactone Oral Suspension

New title: Spironolactone Compounded Oral Suspension, Veterinary 
New title to become official December 1, 2014.

DEFINITION

Spironolactone Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
spironolactone (C24H32O4S). Prepare Spironolactone Oral Suspension 25 mg/mL as follows (see

Pharmaceutical Compounding—Nonsterile Preparations 795 ).

Spironolactone tabletsa equivalent to 2.5 g

Vehicle: a 1:1 mixture of Ora-Sweetb and Ora-Plusb, a sufficient quantity to make 100 mL

a  Spironolactone 25-mg tablets, Mylan, Morgantown, WV.
b  Paddock Laboratories, Minneapolis, MN.

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder with a
pestle. Add the Vehicle in small portions, and triturate to make a smooth paste. Add increasing
volumes of the Vehicle to make a spironolactone liquid that is pourable. Transfer the contents
of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to
bring to final volume, and mix well.

2S (USP37)
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ASSAY
•  Procedure

Mobile phase:  Acetonitrile and 20 mM dibasic ammonium phosphate (55:45). Filter and
degas.

Diluent:  Acetonitrile and water (50:50)
Standard stock solution:  1.0 mg/mL of USP Spironolactone RS in Diluent
Standard solution:  Pipet 2.5 mL of the Standard stock solution to a 10-mL volumetric

flask, and dilute with Diluent to volume to obtain a solution with a nominal concentration
of 0.25 mg/mL.

Sample solution:  Shake each bottle of Oral Suspension thoroughly by hand. Pipet 1.0 mL
of the Oral Suspension into a 100-mL volumetric flask, and dilute with Diluent to volume to
obtain a solution with a nominal concentration of 0.25 mg/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for spironolactone is about 10.4 min.]
Suitability requirements 

Column efficiency:  NLT 9000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of spironolactone (C24H32O4S) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of spironolactone in the Standard solution (mg/mL)
CU= nominal concentration of spironolactone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 3.7–4.9

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
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•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the
Beyond-Use Date.

•  Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored
at controlled cold temperature or controlled room temperature

•  USP Reference Standards 11
USP Spironolactone RS 

BRIEFING

Spironolactone Oral Suspension, USP 36 page 5188. See the Briefing under Spironolactone
Compounded Oral Suspension, Veterinary.

(CMP: J. Sun, R. Schnatz.)
Correspondence Number—C129438

Comment deadline: November 30, 2013

Add the following:
Spironolactone Oral Suspension

New title: Spironolactone Compounded Oral Suspension, Veterinary 
New title to become official December 1, 2014.

DEFINITION

Spironolactone Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
spironolactone (C24H32O4S). Prepare Spironolactone Oral Suspension 25 mg/mL as follows (see

Pharmaceutical Compounding—Nonsterile Preparations 795 ).

Spironolactone tabletsa equivalent to 2.5 g

Vehicle: a 1:1 mixture of Ora-Sweetb and Ora-Plusb, a sufficient quantity to make 100 mL

a  Spironolactone 25-mg tablets, Mylan, Morgantown, WV.
b  Paddock Laboratories, Minneapolis, MN.

Calculate the required quantity of each ingredient for the total amount to be prepared. Place
the required number of tablets in a suitable mortar, and comminute to a fine powder with a
pestle. Add the Vehicle in small portions, and triturate to make a smooth paste. Add increasing
volumes of the Vehicle to make a spironolactone liquid that is pourable. Transfer the contents
of the mortar, stepwise and quantitatively, to a calibrated bottle. Add enough of the Vehicle to
bring to final volume, and mix well.

ASSAY
•  Procedure

Mobile phase:  Acetonitrile and 20 mM dibasic ammonium phosphate (55:45). Filter and
degas.

Diluent:  Acetonitrile and water (50:50)
Standard stock solution:  1.0 mg/mL of USP Spironolactone RS in Diluent
Standard solution:  Pipet 2.5 mL of the Standard stock solution to a 10-mL volumetric

USP36
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flask, and dilute with Diluent to volume to obtain a solution with a nominal concentration
of 0.25 mg/mL.

Sample solution:  Shake each bottle of Oral Suspension thoroughly by hand. Pipet 1.0 mL
of the Oral Suspension into a 100-mL volumetric flask, and dilute with Diluent to volume to
obtain a solution with a nominal concentration of 0.25 mg/mL.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for spironolactone is about 10.4 min.]
Suitability requirements 

Column efficiency:  NLT 9000 theoretical plates
Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of spironolactone (C24H32O4S) in the
portion of Oral Suspension taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of spironolactone in the Standard solution (mg/mL)
CU= nominal concentration of spironolactone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  pH 791 : 3.7–4.9

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Package in tight, light-resistant containers. Store at controlled

cold temperature or at controlled room temperature.
•  Labeling: Label it to indicate that it is to be well shaken before use, and to state the

Beyond-Use Date.
•  Beyond-Use Date: NMT 60 days after the date on which it was compounded, when stored

at controlled cold temperature or controlled room temperature

•  USP Reference Standards 11
USP Spironolactone RS

USP36
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BRIEFING

Sulfacetamide Sodium Ophthalmic Ointment, USP 36 page 5211. See the Briefing under
Atropine Sulfate Ophthalmic Ointment.

(SM1: S. Shivaprasad.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Sulfacetamide Sodium Ophthalmic Ointment

DEFINITION

Sulfacetamide Sodium Ophthalmic Ointment contains NLT 90.0% and NMT 110.0% of the
labeled amount of sulfacetamide sodium (C8H9N2NaO3S·H2O). It is sterile.

IDENTIFICATION
•  A.

Sample:  Nominally 1 g of sulfacetamide sodium from a quantity of Ophthalmic Ointment
Analysis:  Dissolve the Sample in 100 mL of ether in a separator, and extract the mixture

with 25 mL of water. Wash the extract with 25 mL of ether, and warm the water extract
on a steam bath to remove the last traces of ether. Adjust with 6 N acetic acid to a pH of

4–5, and filter. Wash the precipitate with water, and dry at 105  for 2 h. Use the
precipitate in Identification tests B, C, and D.

Acceptance criteria:  The sulfacetamide melts at 180 –184 .
•  B.

Sample:  500 mg of the sulfacetamide from Identification test A
Analysis:  Place the Sample in a test tube, and heat gently until it boils.
Acceptance criteria:  An oily liquid, which has the characteristic odor of acetamide,

condenses on the walls of the test tube (distinction from the sublimates of sulfadiazine,
sulfamerazine, and sulfamethazine, which are solids at room temperature).

•  C.
Sample solution:  100 mg of the sulfacetamide from Identification test A in 5 mL of water
Analysis:  Add 5 drops of cupric sulfate TS to the Sample solution.
Acceptance criteria:  A light bluish-green precipitate is formed, and it remains unchanged

on standing.
•  D.

Sample solution:  500 mg of the sulfacetamide from Identification test A in 10 mL of dilute
hydrochloric acid (1 in 10)

Analysis 1:  To about one-half of the Sample solution add 2 mL of trinitrophenol TS.
Acceptance criteria 1:  A very heavy flocculent or almost gelatinous precipitate is formed.
Analysis 2:  To the remainder of the Sample solution add 3 drops of formaldehyde TS.
Acceptance criteria 2:  A white precipitate is formed, and it changes to orange on

standing (distinction from sulfamethoxypyridazine).

ASSAY
•  Procedure

Diluent:  20% methanol
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Mobile phase:  Methanol, glacial acetic acid, and water (10:1:89)
Standard stock solution:  5 mg/mL of USP Sulfacetamide Sodium RS prepared as follows.

Transfer 50 mg of USP Sulfacetamide Sodium RS to a 40-mL centrifuge tube. Add 10.0 mL
of Diluent, insert the stopper, and mix using a vortex mixer for 3 min to dissolve the
Reference Standard. Add 7.5 mL of heptane, insert the stopper, and mix using a vortex
mixer for another 3 min. Centrifuge to effect separation of the phases. Withdraw, and
discard the upper heptane layer.

Standard solution:  0.03 mg/mL of USP Sulfacetamide Sodium RS in Diluent from the
Standard stock solution

System suitability solution:  0.03 mg/mL of sulfanilamide in the Standard solution
Sample stock solution:  Nominally 5 mg/mL of sulfacetamide sodium prepared as follows.

Transfer 100 mg of sulfacetamide sodium from a quantity of Ophthalmic Ointment to a 40-
mL centrifuge tube. Add 15.0 mL of heptane, insert the stopper, and mix using a vortex
mixer for 3 min to dissolve the Ophthalmic Ointment. Add 20.0 mL of Diluent, insert the
stopper, and mix using a vortex mixer for 3 min. Centrifuge to effect separation of the
phases. Withdraw, and discard the upper heptane layer.

Sample solution:  Nominally 0.03 mg/mL of USP Sulfacetamide Sodium RS in Diluent from
the Sample stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  90 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 3 between the sulfacetamide and sulfanilamide peaks, System
suitability solution

Column efficiency:  NLT 1500 theoretical plates, determined from the analyte peak,
Standard solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of sulfacetamide sodium
(C8H9N2NaO3S·H2O) in the portion of Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Sulfacetamide Sodium RS, calculated on the anhydrous basis, in

the Standard solution (mg/mL)
CU= nominal concentration of sulfacetamide sodium in the Sample solution (mg/mL)
Mr1= molecular weight of sulfacetamide sodium monohydrate, 254.24
Mr2= molecular weight of anhydrous sulfacetamide sodium, 236.23

PF 39(5): Sep.-Oct. 2013 759



Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Sulfacetamide Sodium RS 

BRIEFING

Sulfacetamide Sodium and Prednisolone Acetate Ophthalmic Ointment, USP 36 page
5212. See the Briefing under Atropine Sulfate Ophthalmic Ointment, appearing elsewhere in
this issue of PF. As part of the USP monograph modernization effort, it is also proposed to
make the following additional changes:

1. Replace Identification test A, based on the retention time agreement as obtained in the
Assay, to eliminate the use of chloroform, which is a safety hazard.

2. Add Identification test B, based on the UV spectra as obtained in the Assay, to
strengthen the monograph. A diode array is specified accordingly for the Detector in
both of the tests in the Assay.

3. Clarify Suitability requirements in both of the tests in the Assay.

Additionally, editorial changes have been made to make the monograph consistent with current
USP style.

(SM2: H. Cai.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Sulfacetamide Sodium and Prednisolone Acetate Ophthalmic Ointment

DEFINITION

Sulfacetamide Sodium and Prednisolone Acetate Ophthalmic Ointment is a sterile ointment
containing NLT 90.0% and NMT 110.0% of the labeled amounts of sulfacetamide sodium
(C8H9N2NaO3S·H2O) and prednisolone acetate (C23H30O6).

IDENTIFICATION

Change to read:

2S (USP37)
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•  A.
Standard solution A:  0.7 mg/mL of USP Prednisolone Acetate RS in alcohol
Standard solution B:  14 mg/mL of USP Sulfacetamide Sodium RS in alcohol
Sample solution:  Transfer the contents of 1 tube of Ophthalmic Ointment to a 100-mL

beaker, add about 25 mL of alcohol, and stir by mechanical means for 15 min. Filter, and
use the clear solution.

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Chloroform, heptane, alcohol, and water (50:50:50:2)

Analysis 
Samples:  Standard solution A, Standard solution B and Sample solution

Position the plate in a chromatographic chamber, and develop the chromatograms in the
Developing solvent system until the solvent front has moved about three-fourths of
the length of the plate. Remove the plate from the developing chamber, mark the
solvent front, and allow the solvent to evaporate. Examine the plate under UV light.

Acceptance criteria:  The Sample solution exhibits two spots whose RF values and
intensities correspond to the respective spots from the Standard solutions.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the tests for Sulfacetamide Sodium and Prednisolone
Acetate in the Assay.

Add the following:
•  B. The UV absorption spectra of the major peak of the Sample solution and that of the

Standard solution exhibit maxima and minima at the same wavelengths, as obtained in the
tests for Sulfacetamide Sodium and Prednisolone Acetate in the Assay. 

ASSAY

Change to read:
•  Sulfacetamide Sodium

Diluent:  Dilute methanol (1 in 5)
Mobile phase:  Methanol, glacial acetic acid, and water (100:10:890), filtered and

degassed
Standard solution:  Transfer about 50 mg of USP Sulfacetamide Sodium RS to a 40-mL

centrifuge tube. Add 10.0 mL of Diluent, insert the stopper in the tube, and mix using a
vortex mixer for about 3 min to dissolve. Add 7.5 mL of heptane, insert the stopper in the
tube, and mix using a vortex mixer for another 3 min. Centrifuge to effect separation of
the phases. Withdraw and discard the upper heptane layer. Transfer 3.0 mL of the bottom
layer to a 500-mL volumetric flask, add Diluent to volume, and mix.

System suitability solution:  Dissolve 3 mg of sulfanilamide in 100 mL of the Standard
solution, and mix.

Sample solution:  Transfer a quantity of Ophthalmic Ointment nominally equivalent to
about 100 mg of sulfacetamide sodium to a 40-mL centrifuge tube. Add 15.0 mL of
heptane, insert the stopper in the tube, and mix using a vortex mixer for about 3 min to
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dissolve the Ophthalmic Ointment. Add 20.0 mL of Diluent, insert the stopper in the tube,
and mix using a vortex mixer for 3 min. Centrifuge to effect separation of the phases.
Withdraw and discard the upper heptane layer. Transfer 3.0 mL of the bottom layer to a
500-mL volumetric flask, dilute with Diluent to volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  254-nm
254-nm diode array

Column:  4.6-mm × 25-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  90 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 3 between the sulfacetamide and sulfanilamide peaks,
System suitability solution

Column efficiency:  NLT 1500 theoretical plates,
Standard solution

Relative standard deviation:  NMT 2.0%,
Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of sulfacetamide sodium (C8H9N2NaO3S·H2O) in the portion of
Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of sulfacetamide sodium from the Sample solution
rS= peak response of sulfacetamide sodium from the Standard solution
CS= concentration of USP Sulfacetamide Sodium RS, calculated on the anhydrous basis, in

the Standard solution (mg/mL)
CU= nominal concentration of sulfacetamide sodium in the Sample solution (mg/mL)
Mr1= molecular weight of sulfacetamide sodium monohydrate, 254.24
Mr2= molecular weight of anhydrous sulfacetamide sodium, 236.23

Acceptance criteria:  90.0%–110.0%

Change to read:
•  Prednisolone Acetate

Diluent:  Dilute methanol (9 in 10)
Mobile phase:  Acetonitrile and water (400:600), filtered and degassed
Internal standard solution:  0.7 mg/mL of norethindrone in Diluent
Standard stock solution:  0.8 mg/mL of USP Prednisolone Acetate RS in Diluent
Standard solution:  0.04 mg/mL of USP Prednisolone Acetate RS prepared as follows.

Transfer 5.0 mL of Standard stock solution to a 100-mL volumetric flask, add 5.0 mL of
Internal standard solution, dilute with Diluent to volume, and mix.
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Sample solution:  Transfer a quantity of Ophthalmic Ointment nominally equivalent to
about 4 mg of prednisolone acetate to a 50-mL centrifuge tube. Add 10.0 mL of heptane,
and mix using a vortex mixer for about 2 min to dissolve the Ophthalmic Ointment. Add 5.0
mL of Internal standard solution and 20.0 mL of Diluent, and mix using a vortex mixer for 2
min. Centrifuge to effect separation of the phases. Withdraw and discard the upper
heptane layer. Transfer the lower layer to a 100-mL volumetric flask. Add Diluent to
volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  254-nm
254-nm diode array

Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  40 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for prednisolone acetate and norethindrone are about

1.0 and 1.5, respectively.]
Suitability requirements 

Resolution:  NLT 4.5 between the prednisolone and norethindrone peaks
Column efficiency:  NLT 3000 theoretical plates
for the prednisolone peak

Tailing factor:  NMT 2.5
for the prednisolone peak

Relative standard deviation:  NMT 1.5%
for the peak response ratio of prednisolone acetate to norethindrone

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of prednisolone acetate (C23H30O6) in the portion of Ophthalmic
Ointment taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of prednisolone acetate to the internal standard peak from the
Sample solution

RS= peak response ratio of prednisolone acetate to the internal standard peak from the
Standard solution

CS= concentration of USP Prednisolone Acetate RS in the Standard solution (mg/mL)
CU= nominal concentration of prednisolone acetate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 
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SPECIFIC TESTS

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes that are tamper-

proof so that sterility is assured at time of first use.

•  USP Reference Standards 11
USP Prednisolone Acetate RS 
USP Sulfacetamide Sodium RS 

BRIEFING

Tetracaine Ophthalmic Ointment,USP 36 page 5330. It is proposed to omit the monograph
for the following reasons. No drug products formulated as defined under Tetracaine Ophthalmic
Ointment are currently marketed in the United States. The drug product is currently not used in
veterinary medicine in the United States.

(SM4: M. Koleck.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Tetracaine Ophthalmic Ointment

» Tetracaine Ophthalmic Ointment is a sterile ointment containing not less
than 0.45 percent and not more than 0.55 percent of C15H24N2O2 in White
Petrolatum.

Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Tetracaine Hydrochloride RS

Identification—

A: The solution employed for measurement of absorbance in the Assay exhibits a maximum at
310 ± 2 nm.

B: Dissolve 5 g in 50 mL of ether, extract the ether solution with 5 mL of 3 N hydrochloric acid,
and filter the extract. To the extract add 2 mL of potassium thiocyanate solution (1 in 2): a

crystalline precipitate is formed, and when recrystallized from water and dried at 80  for 2

hours, it melts between 130  and 132  (see Melting Range or Temperature 741 ).
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Sterility 71 : meets the requirements .

Minimum fill 755 : meets the requirements.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay—

Standard preparation— Prepare as directed in the Assay under Tetracaine Ointment.

Assay preparation— Using an accurately weighed portion of Ophthalmic Ointment, prepare as
directed in the Assay under Tetracaine Ointment.

Procedure— Proceed as directed for Procedure in the Assay under Tetracaine Ointment.

BRIEFING

Tetracycline Hydrochloride Ophthalmic Ointment, USP 36 page 5340. The monograph is
revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.
2. An Identification test is added based on an HPLC retention time comparison using the

chromatographic system in the Assay.
3. The test for Water Determination is deleted per current USP convention to eliminate

this test from drug product monographs.
4. The USP Reference Standards section is revised to include the chemical information for

USP 4-Epianhydrotetracycline RS.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Tetracycline Hydrochloride Ophthalmic Ointment

DEFINITION

Tetracycline Hydrochloride Ophthalmic Ointment contains NLT 90.0% and NMT 125.0% of the
labeled amount of tetracycline hydrochloride (C22H24N2O8·HCl).

IDENTIFICATION

Add the following:
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Solution A:  0.1 M ammonium oxalate
Solution B:  0.2 M dibasic ammonium phosphate
Diluent:  Dimethylformamide and Solution A (270:680)

2S (USP37)

2S (USP37)

PF 39(5): Sep.-Oct. 2013 765



Mobile phase:  Dimethylformamide, Solution A, and Solution B (270:680:50). Adjust, if
necessary, with 3 N ammonium hydroxide or 3 N phosphoric acid to a pH of 7.6–7.7.

System suitability solution:  100 µg/mL of tetracycline hydrochloride and 25 µg/mL of USP
4-Epianhydrotetracycline Hydrochloride RS in Diluent

Standard stock solution:  1 mg/mL of USP Tetracycline Hydrochloride RS in methanol
Standard solution:  0.12 mg/mL of USP Tetracycline Hydrochloride RS from Standard stock

solution in Diluent
Sample stock solution:  Nominally 3 mg/mL of tetracycline hydrochloride prepared as

follows. Transfer a portion of Ophthalmic Ointment, containing nominally 300 mg of
tetracycline hydrochloride, to a glass-stoppered conical flask. Add 20 mL of cyclohexane,
and shake. Add 35 mL of methanol, and sonicate for 20 min. Filter this solution into a 100-
mL volumetric flask, and rinse the sides of the conical flask with 40 mL of methanol,
filtering the rinsing into the volumetric flask. Dilute with methanol to volume.

Sample solution:  Nominally 0.12 mg/mL of tetracycline hydrochloride in Diluent from
Sample stock solution

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Columns 

Guard:  4.6-mm × 3-cm; 10-µm packing L7
Analytical:  4.6-mm × 25-cm; 5- to 10-µm packing L7

Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times of 4-epianhydrotetracycline and tetracycline are 0.9

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.2 between 4-epianhydrotetracycline and tetracycline, System
suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tetracycline hydrochloride
(C22H24N2O8·HCl), in the portion of Ophthalmic Ointment taken:

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

rU= peak response of tetracycline from the Sample solution
rS= peak response of tetracycline from the Standard solution
CS= concentration of USP Tetracycline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of tetracycline hydrochloride in the Sample solution (mg/mL)
P= potency of USP Tetracycline Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–125.0%
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PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 0.5%

•  Sterility Tests 71 : Meets the requirements

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

Change to read:

•  USP Reference Standards 11
USP 4-Epianhydrotetracycline Hydrochloride RS
 

C22H22N2O7·HCl      462.88
USP Tetracycline Hydrochloride RS 

BRIEFING

Tobramycin Ophthalmic Ointment, USP 36 page 5412.

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.

2. Identification test A is revised to include a reference to Chromatography 621 , Thin-
Layer Chromatography.

3. The test for Water Determination is deleted per current USP convention to eliminate
this test from drug product monographs.

4. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Tobramycin Ophthalmic Ointment

DEFINITION

2S (USP37)
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Tobramycin Ophthalmic Ointment contains the equivalent of NLT 90.0% and NMT 120.0% of the
labeled amount of tobramycin (C18H37N5O9).

IDENTIFICATION

Change to read:
•  A. Thin-Layer Chromatography

Diluent:  Butyl alcohol and pyridine (100:1)
Standard solution:  6 mg/mL of USP Tobramycin RS in water
Sample solution:  Vigorously shake by mechanical means a quantity of Ophthalmic

Ointment, containing nominally 3 mg of tobramycin, with 2 mL of chloroform. Add 1 mL of
water, shake vigorously by mechanical means for 1 min, and centrifuge for 15 min. Use the
clear upper, aqueous layer.

Solution A:  Standard solution and Sample solution (1:1)
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  3 µL
Developing solvent system:  Methanol, chloroform, and ammonium hydroxide (60:25:30)
Spray reagent:  10 mg/mL of ninhydrin in Diluent

Analysis 
Samples:  Standard solution, Sample solution, and Solution A 

Apply the Standard solution, the Sample solution, and Solution A to the plate. Place the
plate in a suitable chromatographic chamber, and develop the chromatogram in the
Developing solvent system until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the chamber, allow the solvent to evaporate, and

heat the plate at 110  for 15 min. Immediately locate the spots on the plate by spraying it
with Spray reagent.

Acceptance criteria:  Tobramycin appears as a pink spot, and the RF values of the spots of the
Sample solution and of Solution A, respectively, correspond to those of the Standard solution.

ASSAY
•  Procedure

Mobile phase:  Dissolve 2.0 g of tris(hydroxymethyl)aminomethane in 800 mL of water. Add
20 mL of 1 N sulfuric acid, and dilute with acetonitrile to obtain 2000 mL of solution. Cool,
and pass through a filter of 0.2-µm or finer pore size.

Solution A:  10 mg/mL of 2,4-dinitrofluorobenzene in alcohol. This solution may be used for
5 days if refrigerated when not in use.

Solution B:  15 mg/mL of tris(hydroxymethyl)aminomethane in water. This solution may be
used for 1 month if refrigerated when not in use.

Solution C:  3 mg/mL of tris(hydroxymethyl)aminomethane prepared as follows. Transfer 40
mL of Solution B to a 200-mL volumetric flask. Add dimethyl sulfoxide while mixing, and
dilute with dimethyl sulfoxide to volume. Use this reagent within 4 h. If kept immersed in

an ice-water bath below 10 , the reagent may be used for up to 8 h.
Standard stock solution:  1.1 mg of USP Tobramycin RS prepared as follows. Transfer 55

mg of USP Tobramycin RS into a 50-mL volumetric flask. Add 1 mL of 1 N sulfuric acid and
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enough water to dissolve it, and dilute with water to volume.
Standard solution:  0.22 mg/mL of USP Tobramycin RS from Standard stock solution in

water
Sample solution:  Nominally 0.045 mg/mL of tobramycin from Ophthalmic Ointment in water

prepared as follows. Transfer a portion of Ophthalmic Ointment, containing nominally 4.5
mg of tobramycin, to a separator. Add 50 mL of ether, and extract with four 20- to 25-mL
portions of water. Combine the water extracts in a 100-mL volumetric flask, and dilute
with water to volume.

Derivatized standard solution, Derivatized sample solution, and Blank solution:
 Proceed as follows. Heat all solutions at the same temperature and for the same duration

of time as indicated. Move all flasks to and from the 60  constant temperature bath at
the same time. 
To separate 50-mL volumetric flasks transfer 4.0 mL of the Standard solution, 15.0 mL of
the Sample solution, and 4.0 mL of water. To each flask add 10 mL of Solution A and 10
mL of Solution C, shake, and insert the stopper. Place the flasks in a constant

temperature bath at 60 ± 2 , and heat for 50 ± 5 min. Remove the flasks from the bath,
and allow to stand for 10 min. Add acetonitrile to about 2 mL below the 50-mL mark, allow
to cool to room temperature, then dilute with acetonitrile to volume. The solutions thus
obtained are the Derivatized standard solution, the Derivatized sample solution, and the
Blank solution, respectively.

System suitability stock solution:  0.24 mg/mL of p-naphtholbenzein in acetonitrile.
Prepare freshly.

System suitability solution:  Transfer 2 mL of the System suitability stock solution to a
10-mL volumetric flask, dilute with Derivatized standard solution to volume, and use
promptly.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 365 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.2 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Derivatized standard solution and System suitability solution
[Note—The relative retention times for p-naphtholbenzein and tobramycin are about 0.6

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4.0 between p-naphtholbenzein and tobramycin, System suitability
solution

Relative standard deviation:  NMT 2.0%, Derivatized standard solution
Analysis 

Samples:  Derivatized standard solution, Derivatized sample solution, and Blank solution

Use the Blank solution to identify the solvent and reagent peaks. 
Calculate the percentage of the labeled amount of tobramycin (C18H37N5O9) in the portion
of Ophthalmic Ointment taken:

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

rU= peak area of tobramycin from the Derivatized sample solution
rS= peak area of tobramycin from the Derivatized standard solution
CS= concentration of USP Tobramycin RS in the Standard solution (mg/mL)
CU= nominal concentration of tobramycin in the Sample solution (mg/mL)
P= potency of tobramycin in USP Tobramycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–120.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Change to read:

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

Meets the requirements

Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Tobramycin RS 

BRIEFING

Tobramycin and Dexamethasone Ophthalmic Ointment, USP 36 page 5414. The monograph
is revised as follows:

1. See the Briefing under Atropine Sulfate Ophthalmic Ointment.

2. Identification test A is revised to include a reference to Chromatography 621 , Thin-
Layer Chromatography.

3. The test for Water Determination is deleted per the current USP convention to
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eliminate this test from drug product monographs.
4. The section on Sterility Tests is revised to remove the reference to membrane filtration.

(SM1: A. Wise.)
Correspondence Number—C132038

Comment deadline: November 30, 2013
Tobramycin and Dexamethasone Ophthalmic Ointment

DEFINITION

Tobramycin and Dexamethasone Ophthalmic Ointment contains NLT 90.0% and NMT 120.0% of
the labeled amount of tobramycin (C18H37N5O9) and NLT 90.0% and NMT 110.0% of the labeled
amount of dexamethasone (C22H29FO5).

IDENTIFICATION

Change to read:
•  A. Thin-Layer Chromatography

Solution A:  100 mg/mL of sodium sulfate in water
Diluent:  Butyl alcohol and pyridine (100:1)
Standard solution:  6 mg/mL of USP Tobramycin RS in water
Sample solution:  To 1 g of the Ophthalmic Ointment in a test tube add 2 mL of

chloroform, and shake to dissolve. Add 0.5 mL of Solution A, shake vigorously, and
centrifuge. Use the clear supernatant aqueous liquid. If, after centrifuging, an oily film
remains on top of the supernatant aqueous liquid, transfer the supernatant aqueous liquid
to a second test tube, and wash it with 2 mL of chloroform.

Solution B:  Standard solution and Sample solution (1:1)
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  3 µL
Developing solvent system:  Methanol, chloroform, and ammonium hydroxide (60:25:30)
Spray reagent:  10 mg/mL of ninhydrin in Diluent

Analysis 
Samples:  Standard solution, Sample solution, and Solution B

Apply the Standard solution, the Sample solution, and Solution B to the plate. Place the plate
in a suitable chromatographic chamber, and develop the chromatogram in the Developing
solvent system until the solvent front has moved about three-fourths of the length of the
plate. Remove the plate from the chamber, allow the solvent to evaporate, and heat the plate

at 110  for 15 min. Immediately locate the spots on the plate by spraying it with Spray
reagent.

Acceptance criteria:  Tobramycin appears as a pink spot, and the RF values of the spots of the
Sample solution and of Solution B, respectively, correspond to those of the Standard solution.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay for Dexamethasone.
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ASSAY
•  Tobramycin

Mobile phase:  Dissolve 2.0 g of tris(hydroxymethyl)aminomethane in 800 mL of water. Add
20 mL of 1 N sulfuric acid, and dilute with acetonitrile to obtain 2000 mL of solution. Cool,
and pass through a filter of 0.2-µm or finer pore size.

Solution A:  10 mg/mL of 2,4-dinitrofluorobenzene in alcohol. This solution may be used for
5 days if refrigerated when not in use.

Solution B:  15 mg/mL of tris(hydroxymethyl)aminomethane in water. This solution may be
used for 1 month if refrigerated when not in use.

Solution C:  3 mg/mL of tris(hydroxymethyl)aminomethane prepared as follows. Transfer 40
mL of Solution B to a 200-mL volumetric flask. Add dimethyl sulfoxide while mixing, and
dilute with dimethyl sulfoxide to volume. Use this reagent within 4 h. If kept immersed in

an ice-water bath below 10 , the reagent may be used for up to 8 h.
Standard stock solution:  1.1 mg of USP Tobramycin RS prepared as follows. Transfer 55

mg of USP Tobramycin RS into a 50-mL volumetric flask. Add 1 mL of 1 N sulfuric acid and
enough water to dissolve it, and dilute with water to volume.

Standard solution:  0.22 mg/mL of USP Tobramycin RS from Standard stock solution in
water

Sample solution:  Nominally 0.045 mg/mL of tobramycin from the Ophthalmic Ointment in
water prepared as follows. Transfer a portion of the Ophthalmic Ointment containing
nominally 4.5 mg of tobramycin to a separator. Add 50 mL of ether, and extract with four
20- to 25-mL portions of water. Combine the water extracts in a 100-mL volumetric flask,
and dilute with water to volume.

Derivatized standard solution, Derivatized sample solution, and Blank solution:
 Proceed as follows. Heat all solutions at the same temperature and for the same duration

of time as indicated. Move all flasks to and from the 60  constant temperature bath at
the same time. 
To separate 50-mL volumetric flasks transfer 4.0 mL of the Standard solution, 15.0 mL of
the Sample solution, and 4.0 mL of water. To each flask add 10 mL of Solution A and 10
mL of Solution C, shake, and insert the stopper. Place the flasks in a constant

temperature bath at 60 ± 2 , and heat for 50 ± 5 min. Remove the flasks from the bath,
and allow to stand for 10 min. Add acetonitrile to about 2 mL below the 50-mL mark, allow
to cool to room temperature, then dilute with acetonitrile to volume. The solutions thus
obtained are the Derivatized standard solution, the Derivatized sample solution, and the
Blank solution, respectively.

System suitability stock solution:  0.24 mg/mL of p-naphtholbenzein in acetonitrile.
Prepare freshly.

System suitability solution:  Transfer 2 mL of the System suitability stock solution to a
10-mL volumetric flask, dilute with Derivatized standard solution to volume, and use
promptly.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 365 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.2 mL/min
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Injection volume:  20 µL
System suitability 

Samples:  Derivatized standard solution and System suitability solution
[Note—The relative retention times for p-naphtholbenzein and tobramycin are about 0.6

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4.0 between p-naphtholbenzein and tobramycin, System suitability
solution

Relative standard deviation:  NMT 2.0%, Derivatized standard solution
Analysis 

Samples:  Derivatized standard solution, Derivatized sample solution, and Blank solution

Use the Blank solution to identify the solvent and reagent peaks. 
Calculate the percentage of the labeled amount of tobramycin (C18H37N5O9) in the portion
of the Ophthalmic Ointment taken:

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

rU= peak area of tobramycin from the Derivatized sample solution
rS= peak area of tobramycin from the Derivatized standard solution
CS= concentration of USP Tobramycin RS in the Standard solution (mg/mL)
CU= nominal concentration of tobramycin in the Sample solution (mg/mL)
P= potency of tobramycin in USP Tobramycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–120.0%
•  Dexamethasone

Mobile phase:  Methanol and water (55:45)
Diluent:  Methanol and water (75:25)
System suitability stock solution:  1 mg/mL of anhydrous chlorobutanol and 0.2 mg/mL of

USP Dexamethasone RS in Diluent
System suitability solution:  0.3 mg/mL of anhydrous chlorobutanol and 0.06 mg/mL of

USP Dexamethasone RS in Diluent prepared as follows. Transfer 15.0 mL of the System
suitability stock solution to a separator containing about 50 mL of n-hexane, and shake.
Allow the layers to separate, and drain the lower phase into a 50-mL volumetric flask.
Repeat the extraction with two 15-mL portions of Diluent, combining the lower phase from
each extraction in the same 50-mL volumetric flask. Dilute with Diluent to volume.

Standard stock solution:  0.2 mg/mL of USP Dexamethasone RS in Diluent
Standard solution:  0.06 mg/mL of USP Dexamethasone RS in Diluent prepared as follows.

Transfer 15.0 mL of the Standard stock solution to a separator containing about 50 mL of
n-hexane, and shake. Allow the layers to separate, and drain the lower phase into a 50-
mL volumetric flask. Repeat the extraction with two 15-mL portions of Diluent, combining
the lower phase from each extraction in the same 50-mL volumetric flask. Dilute with
Diluent to volume.

Sample solution:  Transfer a portion of the Ophthalmic Ointment containing nominally 3 mg
of dexamethasone to a separator containing 50 mL of n-hexane, and shake. Add 15 mL of
Diluent, and shake. Allow the layers to separate, and drain the lower phase into a 50-mL
volumetric flask. Repeat the extraction with two 15-mL portions of Diluent, combining the
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lower phase from each extraction in the same 50-mL volumetric flask. Dilute with Diluent
to volume, mix, and centrifuge. Use the clear solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 206 nm
Column:  8.0-mm × 10-cm; packing L1
Flow rate:  3 mL/min
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for chlorobutanol and dexamethasone are about 0.7

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.8 between chlorobutanol and dexamethasone, System suitability
solution

Tailing factor:  NMT 2, Standard solution
Column efficiency:  NLT 350 theoretical plates, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of dexamethasone (C22H29FO5) in the
portion of the Ophthalmic Ointment taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dexamethasone RS in the Standard solution (mg/mL)
CU= nominal concentration of dexamethasone in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Delete the following:

•  Minimum Fill 755 : Meets the requirements 

SPECIFIC TESTS

Delete the following:

•  Metal Particles in Ophthalmic Ointments 751 : Meets the requirements 

Change to read:

•  Sterility Tests 71 : It meets the requirements in Test for Sterility of the Product to Be
Examined, Membrane Filtration.

Meets the requirements

2S (USP37)

2S (USP37)

2S (USP37)
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Delete the following:

•  Water Determination, Method I 921
Analysis: Use 20 mL of a mixture of toluene and methanol (7:3) in place of methanol in the

titration vessel.
Acceptance criteria: NMT 1.0%

Add the following:
•  Other Requirements: It meets the requirements in Ophthalmic Preparations—Quality

Tests 771 . 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in collapsible ophthalmic ointment tubes.

•  USP Reference Standards 11
USP Dexamethasone RS 
USP Tobramycin RS 

BRIEFING

Tropicamide, USP 36 page 5502. As part of USP monograph modernization efforts, it is
proposed to make the following changes:

1. The chemical structure and second chemical name have been updated.
2. The titration Assay is replaced with a stability-indicating HPLC Assay. The liquid

chromatography procedure for the Assay is based on analyses performed with the
Atlantis dC18 brand of L1 column. The typical retention time for tropicamide is about
12 min.

3. The Acceptance criteria in the Assay is revised from NLT 99.0% and NMT 101.0% to
NLT 98.0% and NMT 102.0%, which are normally acceptable assay limits for an HPLC
procedure.

4. The UV-based Identification test B is replaced with the HPLC retention time agreement
based on the Assay.

5. The test for Organic Impurities is adopted from the current monograph for Tropicamide
in the European Pharmacopoeia, edition 7.0. The liquid chromatography procedure
for the Organic Impurities is based on analyses performed with the Atlantis dC18,
Inertsil ODS3, and YMC Pack Pro C18 brands of L1 column. The typical retention time
for tropicamide is about 12 min.

6. The test for Residue on Ignition is also adopted from the current monograph for
Tropicamide in the European Pharmacopoeia, edition 7.0 to monitor the inorganic
impurities.

7. The test for Melting Range or Temperature is deleted because the remaining tests
adequately establish identity, purity, and quality.

8. The USP Reference Standards section is updated to include the new Reference
Standards supporting the addition of the test for Organic Impurities.

(SM3: F. Mao.)
Correspondence Number—C116671

Comment deadline: November 30, 2013
Tropicamide

2S (USP37)

2S (USP37)
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Change to read:

C17H20N2O2       284.35 

Benzeneacetamide, N-ethyl- -(hydroxymethyl)-N-(4-pyridinylmethyl)-, (±)-;     
(±)-N-Ethyl-2-phenyl-N-(4-pyridylmethyl) hydracrylamide
N-Ethyl-3-hydroxy-2-phenyl-N-(pyridin-4-ylmethyl)propanamide

     [1508-75-4].

DEFINITION

Change to read:

Tropicamide contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of tropicamide (C17H20N2O2), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Sample solution: 25 µg/mL in 3 N hydrochloric acid
Acceptance criteria: Meets the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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ASSAY

Change to read:
•  Procedure

Sample solution:  750 mg of Tropicamide in 80 mL of glacial acetic acid
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Visual
Analysis:  To Sample solution, add 4 drops of crystal violet TS, and titrate with Titrant to

a blue-green endpoint. Perform a blank determination, and make any necessary
correction. Each mL of Titrant is equivalent to 28.44 mg of tropicamide (C17H20N2O2).

Acceptance criteria:  99.0%–101.0% on the dried basis
Buffer:  Dissolve 0.135 g of sodium dodecyl sulfate and 3.4 mL of phosphoric acid in 950
mL of water. Adjust with 10 M sodium hydroxide to a pH of 3.0, and dilute with water to
1000 mL.
Mobile phase:  Acetonitrile and Buffer (27:73)
Standard solution:  0.15 mg/mL of USP Tropicamide RS prepared as follows. Transfer

USP Tropicamide RS into a suitable volumetric flask, and add acetonitrile equivalent to
6% of the final volume to dissolve. Dilute with water to volume.

Sample solution:  0.15 mg/mL of Tropicamide prepared as follows. Transfer Tropicamide
into a suitable volumetric flask, and add acetonitrile equivalent to 6% of the final
volume to dissolve. Dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  210 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  40
Flow rate:  0.8 mL/min
Injection volume:  15 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of tropicamide (C17H20N2O2) in the portion of Tropicamide
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of tropicamide from the Sample solution
rS= peak response of tropicamide from the Standard solution
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CS= concentration of USP Tropicamide RS in the Standard solution (mg/mL)
CU= concentration of Tropicamide in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:

•  Residue on Ignition 281 : NMT 0.1% 

Add the following:
•  Organic Impurities

Buffer and Mobile phase:  Proceed as directed in the Assay.
System suitability stock solution 1:  100 µg/mL each of USP Tropicamide Related

Compound A RS, USP Tropicamide Related Compound C RS, and USP Tropicamide Related
Compound D RS prepared as follows. Transfer USP Tropicamide Related Compound A RS,
USP Tropicamide Related Compound C RS, and USP Tropicamide Related Compound D RS
into a suitable volumetric flask, and add acetonitrile equivalent to 4% of the final volume
to dissolve. Dilute with water to volume.

System suitability stock solution 2:  10 µg/mL each of USP Tropicamide Related
Compound A RS, USP Tropicamide Related Compound C RS, and USP Tropicamide Related
Compound D RS prepared as follows. Dilute 1 mL of System suitability stock solution 1 with
water to 10 mL.

System suitability stock solution 3:  0.5 mg/mL of USP Tropicamide RS and 20 µg/mL of
USP Tropicamide Related Compound B RS prepared as follows. Transfer USP Tropicamide
RS and USP Tropicamide Related Compound B RS into a suitable volumetric flask, and add
acetonitrile equivalent to 10% of the final volume to dissolve. Dilute with water to volume.

System suitability solution:  Mix 1 mL each of System suitability stock solution 2 and
System suitability stock solution 3.

Standard stock solution:  1 mg/mL of USP Tropicamide RS prepared as follows. Transfer
USP Tropicamide RS into a suitable volumetric flask, and add acetonitrile equivalent to 6%
of the final volume to dissolve. Dilute with water to volume.

Standard solution 1:  1 µg/mL of USP Tropicamide RS in water from Standard stock
solution

Standard solution 2:  1.5 µg/mL each of USP Tropicamide Related Compound C RS and USP
Tropicamide Related Compound D RS in water from System suitability stock solution 1

Sample solution:  1 mg/mL of Tropicamide prepared as follows. Transfer 50 mg of
Tropicamide into a 50-mL volumetric flask, and add 3 mL of acetonitrile to dissolve. Dilute
with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  210 and 254 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  40
Flow rate:  0.8 mL/min

2S (USP37)

2S (USP37)
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Injection volume:  15 µL
Run time:  NLT 3 times the retention time of the tropicamide peak

System suitability 
Sample:  System suitability solution
Suitability requirements 

Resolution at 210 nm:  NLT 2 between the tropicamide related compounds C and A
peaks; NLT 2 between the tropicamide related compounds A and D peaks

Analysis 
Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of tropicamide related compound C and tropicamide related
compound D in the portion of Tropicamide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of relevant tropicamide related compound from the Sample solution at
210 nm

rS= peak response of relevant tropicamide related compound from Standard solution 2 at 210
nm

CS= concentration of relevant tropicamide related compound in Standard solution 2 (mg/mL)

CU= concentration of Tropicamide in the Sample solution (mg/mL)

Calculate the percentage of other individual impurities in the portion of Tropicamide taken:

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

rU= peak response of each impurity from the Sample solution at 254 nm

rS= peak response of USP Tropicamide RS from Standard solution 1 at 254 nm

CS= concentration of USP Tropicamide RS in Standard solution 1 (mg/mL)

CU= concentration of Tropicamide in the Sample solution (mg/mL)

F= relative response factor for each individual impurity (see Table 1)

Acceptance criteria:  See Table 1. Disregard any impurity peaks less than 0.05% at 254
nm.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Detection
Wavelength

(nm)

Acceptance
Criteria,
NMT (%)

Tropicamide related compound
C 0.4 — 210 0.15

Tropicamide related compound
A 0.5 1.3 254 0.15

Tropicamide related compound
D 0.8 — 210 0.15

Tropicamide 1.0 — — —
Tropicamide related compound

B 2.3 1.7 254 0.3
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Any individual unspecified
impurity — 1.0 254 0.10

Total impuritiesa — — 254 0.5

a Excluding tropicamide related compound C and tropicamide related compound D.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 96 –100  

•  Loss on Drying 731
Sample:  500 mg

Analysis:  Dry the Sample under vacuum over phosphorus pentoxide at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Tropicamide RS

USP Tropicamide Related Compound A RS 
N-(Pyridin-4-ylmethyl)ethanamine. 
C8H12N2       136.19

USP Tropicamide Related Compound B RS 
N-Ethyl-2-phenyl-N-(pyridin-4-ylmethyl)acrylamide. 
C17H18N2O        266.34

USP Tropicamide Related Compound C RS 
3-Hydroxy-2-phenylpropionic acid. 
C9H10O3       166.17

USP Tropicamide Related Compound D RS 
2-Phenylacetic acid. 
C8H8O2       136.15

BRIEFING

Vidarabine, USP 36 page 5566. It is proposed to omit the monograph for the following
reasons:

1. This drug substance is not used in any drug product intended for human use
marketed in the United States.

2. This drug substance is not used in veterinary medicines marketed in the United
States.

(SM1: S. Shivaprasad.)    Correspondence Number—C134778

Comment deadline: November 30, 2013

2S (USP37)

2S (USP37)

2S (USP37)
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Delete the following:

Vidarabine

C10H13N5O4·H2O       285.26 

9H-Purin-6-amine, 9- -d-arabinofuranosyl-, monohydrate. 

9- -d-Arabinofuranosyladenine monohydrate [[24356-66-9]].

Anhydrous        267.25 
[[5536-17-4]].

» Vidarabine has a potency equivalent to not less than 845 µg and not more
than 985 µg of C10H13N5O4 per mg.

Packaging and storage—Preserve in tight containers.

Labeling—Where it is intended for use in preparing injectable or other sterile dosage forms, the
label states that it is sterile or must be subjected to further processing during the preparation
of injectable or other sterile forms.

USP Reference standards 11 —
USP Endotoxin RS
USP Vidarabine RS

Identification, Infrared Absorption 197K .

Specific rotation 781S : between 56.0  and 65.0  ( = 365 nm).

Test solution: 10 mg of anhydrous vidarabine per mL, in dimethylformamide.

Bacterial endotoxins 85 —Where the label states that Vidarabine is sterile or must be
subjected to further processing during the processing of injectable dosage forms, it contains
not more than 0.5 USP Endotoxin Unit per mg of vidarabine. Where it is intended for use in
preparing ophthalmic dosage forms, it is exempt from the requirements.

Sterility 71 —Where the label states that Vidarabine is sterile, it meets the requirements
when tested as directed for Direct Inoculation of the Culture Medium under Test for Sterility of
the Product to be Examined, except to transfer 2 g of solid specimen to each test medium.
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Loss on drying 731 —Dry about 100 mg in vacuum at 100  and at a pressure not exceeding
5 mm of mercury for 4 hours: it loses between 5.0% and 7.0% of its weight.

Assay—

Mobile phase— Dissolve 2.2 g of docusate sodium in 10 mL of glacial acetic acid and 500 mL of
methanol in a 1000-mL volumetric flask. Dilute with water to volume, and mix. Pass this solution
through a membrane filter having a 1-µm or finer porosity.

Standard preparation— Dissolve about 24 mg of USP Vidarabine RS, accurately weighed, in 150

mL of water in a 200-mL volumetric flask by heating to 100  for 10 minutes. Cool, dilute with
water to volume, and mix.

Assay preparation— Using Vidarabine, prepare as directed for Standard preparation.

Chromatographic system (see Chromatography 621 )—The chromatograph is equipped with
a 254-nm detector and a 4-mm × 30-cm column that contains packing L1. Chromatograph
three replicate injections of the Standard preparation, and record the peak responses as
directed for Procedure: the relative standard deviation is not more than 3.0%.

Procedure— Introduce equal volumes (approximately 10 µL) of the Assay preparation and the
Standard preparation into the instrument, operated at room temperature, by means of a
suitable microsyringe or sampling valve. Adjust the operating conditions so that satisfactory
chromatography and peak responses are obtained. Use a detector sensitivity setting that gives
a peak height for vidarabine that is at least 50% of scale. Measure peak responses at the same
retention times obtained with the Assay preparation and the Standard preparation. Calculate
the potency, in µg of C10H13 N5O4 per mg, of the Vidarabine taken by the formula:

F(rU / rS)(WS / WU)

in which F is the potency of USP Vidarabine RS, in µg of vidarabine per mg; rU and rS are the
peak responses obtained from the Assay preparation and the Standard preparation,
respectively; and WU and WS are the amounts, in mg, of USP Vidarabine RS and Vidarabine
taken, respectively.

BRIEFING

Vidarabine Ophthalmic Ointment. USP 36 page 5566. It is proposed to omit the
monograph for the following reasons. No drug products formulated as defined in Vidarabine
Ophthalmic Ointment are currently marketed in the United States. The drug product is not
currently used in veterinary medicine in the United States.

(SM1: S. Shivaprasad.)    Correspondence Number—C132759

Comment deadline: November 30, 2013

Delete the following:

Vidarabine Ophthalmic Ointment

» Vidarabine Ophthalmic Ointment contains not less than 90.0 percent and
not more than 120.0 percent of the labeled amount of anhydrous vidarabine
(C10H13N5O4).

2S (USP37)
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Packaging and storage—Preserve in collapsible ophthalmic ointment tubes.

USP Reference standards 11 —
USP Vidarabine RS

Sterility 71 —It meets the requirements when tested as directed for Membrane Filtration
under Test for Sterility of the Product to be Examined.

Minimum fill 755 : meets the requirements.

Metal particles—It meets the requirements of the test for Metal Particles in Ophthalmic

Ointments 751 .

Assay—

Mobile phase , Standard preparation, and Chromatographic system—Proceed as directed in the
Assay under Vidarabine.

Assay preparation— Transfer an accurately weighed portion of Ophthalmic Ointment, equivalent
to about 12 mg of vidarabine, to a 100-mL volumetric flask, add 80 mL of water, and heat on a
steam bath for 15 minutes. Shake, and add 10 mL of n-heptane to the hot suspension. Swirl,
and cool to room temperature. Remove the n-heptane layer, and discard it. Dilute the aqueous
phase with water to volume, and mix.

Procedure— Proceed as directed for Procedure in the Assay under Vidarabine. Calculate the
potency, in mg, of C10H13N5O4 per g of the Ophthalmic Ointment taken by the formula:

0.5F(rU / rS)(WS / WU)

in which WU is the amount, in mg, of Ophthalmic Ointment taken; and the other terms are as
defined therein.

BRIEFING

Vitamin A, USP 36 page 5575. The following changes are proposed to reflect the recent

revision of the general chapter Vitamin A Assay 571 :

1. Modify Identification test B, including adding USP Retinyl Palmitate RS to the Standard
solution, replacing USP units with a retinol equivalent in the Sample solution for the
liquid form of vitamin A and the Sample solution for the solid form of vitamin A, and
clarifying the Acceptance criteria.

2. Change the requirements in the Assay and Specific Tests to reflect the changes in 

571 .
3. Replace the previous USP Vitamin A RS with USP Retinyl Acetate RS, and add the new

USP Retinyl Palmitate RS to the USP Reference Standards section.

(DS: H. Dinh.)
Correspondence Number—C134206

Comment deadline: November 30, 2013
Vitamin A

2S (USP37)
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DEFINITION

Vitamin A contains a suitable form of retinol (C20H30O; vitamin A alcohol) and possesses vitamin
A activity equivalent to NLT 95.0% of that declared on the label. It may consist of retinol or
esters of retinol formed from edible fatty acids, principally acetic and palmitic acids. It may be
diluted with edible oils; or it may be incorporated in solid, edible carriers, or excipients; and it
may contain suitable antimicrobial agents, dispersants, and antioxidants.

IDENTIFICATION
•  A. Color Reaction with Antimony III

Sample solution:  Equivalent to 6 µg/mL of retinol in chloroform
Analysis:  To 1 mL of the Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria:  A transient blue color appears at once.

Change to read:
•  B. Thin-Layer Chromatography

Standard solution:  Dissolve the contents of 1 ampul of USP Vitamin A RS in chloroform to
obtain 25.0 mL
USP Retinyl Acetate RS and USP Retinyl Palmitate RS in methylene chloride, each
equivalent to about 0.2 mg of retinol (C20H30O) per mL

Sample solution for the liquid form of vitamin A:  Dissolve a volume, equivalent to about
15,000 USP Units in chloroform
5 mg of retinol, in methylene chloride

to obtain 10.0 mL of solution.
Sample solution for the solid form of vitamin A:  Transfer a quantity, equivalent to about

15,000 USP Units,
5 mg of retinol,

to a separator, add 75 mL of water, and shake vigorously for 1 min. Extract with 10.0 mL of
chloroform by shaking for 1 min, and centrifuge to clarify the chloroform extract.
methylene chloride by shaking for 1 min, and centrifuge to clarify the methylene chloride
extract.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume 

Standard solution:  15 µL
Sample solution:  10 µL

Developing solvent system:  A mixture of cyclohexane and ether (4:1)
Spray reagent:  Phosphomolybdic acid TS
System suitability 
Sample:  Standard solution
Suitability requirements:  The chromatogram shows two main blue-green spots of the

corresponding esters. The RF values are 0.45 ± 0.10 and 0.7 ± 0.1 for retinyl acetate
and retinyl palmitate, respectively.

Analysis 
Samples:  Standard solution and the appropriate Sample solution

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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Allow the solvent front to move a distance of 10 cm, remove the plate, and air-dry. Spray the
plate with Spray reagent.

Acceptance criteria:  The blue-green spot formed is indicative of the presence of retinol. The
approximate RF values of the predominant spots, corresponding to the different forms of
retinol, are 0.1 for the alcohol form, 0.45 for the acetate, and 0.7 for the palmitate.
The Sample solution exhibits a main blue-green spot at an RF value that corresponds to one of
the two main spots from the Standard solution and is consistent with the labeled ester. The
Sample solution of vitamin A labeled as containing retinol exhibits the main blue-green spot at
an approximate RF value of 0.1.

ASSAY

Change to read:

•  Vitamin A Assay 571
Sample:  Use a suitable quantity of Vitamin A.
Analysis:  Proceed as directed in the chapter.
Use the appropriate Chemical Methods or Chromatographic Methods described in the
chapter for the form of Vitamin A under test. 

Acceptance criteria:  Equivalent to NLT 95.0% of the labeled amount of vitamin A activity

SPECIFIC TESTS

Change to read:
•  Absorbance Ratio
[

Note—This test is required only if the Chemical Methods are used for the Assay.]
Sample:  Use a suitable quantity of Vitamin A.

Analysis:  Proceed as directed in Vitamin A Assay 571 , Chemical Method
Chemical Methods, Procedure 1 or Procedure 2.

Acceptance criteria 
Procedure 1:

 The ratio of the corrected absorbance [A325] to the observed absorbance [A325] is NLT 0.85.
Procedure 2:  The absorption maximum is between 325 and 327 nm. The absorbance ratios
are the following: A300/A326 is NMT 0.60; A350/A 326 is NMT 0.54; and A370/A326 is NMT 0.14.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, preferably under an atmosphere of an

inert gas, protected from light.
•  Labeling: Label it to indicate the form in which the vitamin is present, and to indicate the

presence of any antimicrobial agent, dispersant, antioxidant, or other added substance,
and to indicate the vitamin A activity in terms of the equivalent amount of retinol, in mg/g.
The vitamin A activity may be stated also in USP Units, on the basis that 1 USP Vitamin A
Unit equals the biological activity of 0.3 µg of the all-trans isomer of retinol.

Change to read:

•  USP Reference Standards 11
USP Vitamin A RS 

2S (USP37)

2S (USP37)
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USP Retinyl Acetate RS
USP Retinyl Palmitate RS

BRIEFING

Vitamin A Capsules, USP 36 page 5576. Based on the new USP Retinyl Palmitate RS and a

recent revision to the general test chapter Vitamin A Assay 571 , the following changes
are proposed to Identification test B. Add the USP Retinyl Palmitate RS to the Standard

solution and to the Assay to reflect the changes in chapter 571 . Due to the new USP
Retinyl Palmitate RS, the previous USP Vitamin A RS is renamed USP Retinyl Acetate RS.

(DS: N. Davydova.)
Correspondence Number—C134685

Comment deadline: November 30, 2013
Vitamin A Capsules

DEFINITION

Vitamin A Capsules contain NLT 95.0% and NMT 120.0% of the labeled amount of vitamin A.

IDENTIFICATION

Change to read:
•  A.

Sample solution:  A solution containing the equivalent of 6 µg/mL of retinol from Capsules
in chloroform
methylene chloride

Analysis:  To 1 mL of Sample solution add 10 mL of antimony trichloride TS.
Acceptance criteria:  A transient blue color appears at once.

Change to read:
•  B. Thin-Layer Chromatographic Identification Test

Standard solution:  A solution containing the equivalent of 0.5 mg/mL of retinol from USP
Vitamin A RS in chloroform
0.5 mg/mL of retinol from USP Retinyl Acetate RS or USP Retinyl Palmitate RS in methylene
chloride

Sample solution:  Dissolve or extract with chloroform
methylene chloride

a quantity of Capsules content to obtain a solution with a nominal concentration of 0.5
mg/mL of retinol.

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL
Developing solvent system:  Cyclohexane and ether (4:1)
Spray reagent:  Phosphomolybdic acid TS

Analysis:  Proceed as directed in the chapter, using the Developing solvent system. Locate

2S (USP37)

2S (USP37)

2S (USP37)

2S (USP37)
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the spots on the plate using the Spray reagent.
Acceptance criteria:  The blue-green spot formed is indicative of the presence of retinol,
and its RF value corresponds to that of the Standard solution.

(The approximate RF values of the predominant spots, corresponding to the different forms
of retinol, are 0.1 for the alcohol form, 0.45 for the acetate, and 0.7 for the palmitate.)

ASSAY

Change to read:
•  Content of Vitamin A

Analysis:   Using NLT 5 Capsules proceed as directed in Vitamin A Assay 571

Calculate the content in mg of retinol (C20H30O) and in USP Vitamin A Units per Capsule.
Calculate the percentage of the labeled amount of vitamin A as retinol in the Capsules.

Use the appropriate Chromatographic Method described in Vitamin A Assay 571 .
[Note—The procedure used is stated in the labeling only if Procedure 1 is not used.]

Acceptance criteria:  95.0%–120.0%

PERFORMANCE TESTS

•  Disintegration 701
Immersion fluid:  Use 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate

and 1.66 mL of glacial acetic acid with water to obtain 1000 mL of solution with a pH of
4.5 ± 0.05.

Temperature:  37 ± 2
Time:  45 min
Acceptance criteria:  Meet the requirements

•  Uniformity of Dosage Units 905 : Meet the requirements

SPECIFIC TESTS

Delete the following:
•  Absorbance Ratio: The ratio of the corrected absorbance [A325] to the observed

absorbance [A325], determined as directed in Vitamin A Assay 571 , is NLT 0.85. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.
•  Labeling: Label the Capsules to indicate the form in which the vitamin is present, and to

indicate the vitamin A activity in terms of the equivalent amount of retinol in mg. The
vitamin A activity may be stated also in USP Units/Capsule, on the basis that 1 USP
Vitamin A Unit equals the biological activity of 0.3 µg of the all-trans isomer of retinol.

Change to read:

•  USP Reference Standards 11
USP Vitamin A RS 
USP Retinyl Acetate RS

2S (USP37)

2S (USP37)

2S (USP37)
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Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

STIMULI TO THE REVISION PROCESS

This section may contain the following:

• reports or statements of Expert Committees

• original research reports

• evaluations of new and existing pharmacopeial methods

• commentaries

• articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.

Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:

Pharmacopeial Forum

Executive Secretariat, USP

12601 Twinbrook Pkwy.

Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Confirmation of Analytical Method Calibration Linearity: Practical Application

David LeBlond, Charles Y Tan, Harry Yang, USP Statistics Expert Committeea

ABSTRACT A companion Stimuli article in this number of Pharmacopeial Forum (1) proposes
and gives the theoretical basis for two new approaches for confirming calibration linearity: The
first approach uses two one-sided tests of equivalence to evaluate calibration bias, and the
second approach uses the Akaike Information Criterion. In this Stimuli article, we provide
practical details for implementing the required calculations in a spreadsheet using two realistic
examples. We discuss experimental design requirements and basic underlying assumptions of
these approaches. We briefly describe some alternative approaches that may be helpful when
the design requirements or assumptions cannot be met in practice. We recommend that
information on linearity confirmation provided in this Stimuli article be included in a future USP
informational chapter that describes statistical tools for method validation.

1. INTRODUCTION 
Bias in reported concentrations sometimes can result from the inadequacy of the calibration
model that is employed. Although it is always desirable to eliminate the bias in concentrations
reported by an analytical method, often this is simply not practical. The bias may be too small
to be detected by a reasonably large experiment, or the effect of bias on decision risks
associated with the reportable result may be negligible, rendering it unnecessary to further
reduce bias. In such cases, it may be acceptable to employ a calibration model that is simpler
than a more complex model that contributes no bias but may require more calibration levels and
more complex data reduction, thus unnecessarily raising the cost of each reportable result. If
the presence of some level of bias can be justified, then the objectives of a linearity
assessment are to estimate the magnitude of the bias across the concentration range and to
provide evidence that the magnitude of the bias is below the maximum bias that can be
tolerated in the reportable result. 
In a previous Stimuli article, we provided theoretical justification for two new approaches to
the problem of linearity assessment for an analytical method such as an HPLC assay (1). The
first approach uses the two one-sided test (TOST) of equivalence to evaluate calibration bias,
and the second approach uses the second-order Akaike Information Criterion corrected for
finite sample sizes (AICc) to compare 2 calibration models. In this Stimuli article we provide
practical details for implementing the required calculations in a spreadsheet by using the
examples provided in the previous Stimuli article.

2. ASSUMPTIONS AND EXPERIMENTAL DESIGN CONSIDERATIONS 
The methodology illustrated here depends on the following assumptions:

1. Response measurement errors are normally distributed about their true values.
2. Response measurements are independent.
3. The variance of response measurement deviations about their true values is the same

at each calibrator level.
4. The more complex model accurately represents the shape of the calibration relationship.
5. For the TOST of bias in approximating a quadratic calibration model with a straight-line
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calibration model (see Section 3 below), calibrator levels must be transformed so they
are symmetrically spaced about zero.

6. A linearity acceptance criterion has been predetermined.

Assumption 1 ensures the accuracy of the confidence level of the TOST and is an underlying
assumption of the AICc statistic. It is important to verify this assumption before using the
methods described here because response deviations in some analytical methods are better
described by a log-normal distribution. 
Assumption 2 implies that all response measurements are uncorrelated. Correlation among
response measurements obtained in the same analytical run could occur, for instance, if
response measurements were obtained from multiple analytical runs and the analytical method
was such that run-to-run variance contributed importantly to method imprecision. If response
data must be obtained from multiple runs, it is important to ensure that run-to-run variance
does not contribute importantly to method imprecision. Similar cautions apply to multiple
instruments, operators, days, reagent lots, etc. The response measurements in the examples
given below assume that all response measurements are independent. 
Assumption 3 requires that the standard deviation of response measurements is the same at
each calibrator level. In many cases, the coefficient of variation, rather than the standard
deviation, is actually constant across a wide range of calibrator levels. This might be true with
analytical methods whose measurement deviations followed a log-normal distribution, for
instance. 
Assumptions 1 to 3 must hold whenever the usual statistical tests associated with regression
are employed. If multiple replicate response measurements are obtained at each calibrator
level, these assumptions can be examined from the linearity data themselves. However, often
such data are limited. Ideally these assumptions would be justified by a larger than normal
amount of knowledge acquired during the early development stages of an analytical method. 
Assumption 4 presumes definitive method development or theoretical knowledge is available
regarding the shape of the calibration relationship. Both the TOST and the AICc methodology
come down to a choice between two mathematical models of the calibration relationship:
complex and simpler. The comparison between the two models is meaningful only if the complex
model is, for all practical purposes, an unbiased representation of the response–concentration
relationship. The comparison between quadratic and straight-line models is not helpful if the
true relationship is sigmoidal. Similarly, the comparison between straight-line and proportional
models is not helpful if the true relationship is curvilinear. 
Assumption 5 requires that an adjusted calibrator level be used in the regression calculations of
Section 3 below. The adjustment is made by subtracting the mean of all calibrator levels from
each calibrator level employed. The assumption holds if for each tested sample with an
adjusted calibrator level equal to +C there is a corresponding tested sample with an adjusted

calibrator level equal to C. In that case, the sum of adjusted calibrator levels for all samples,
as well as the sum of the cube of all calibrator levels for all samples, equals zero. This greatly
simplifies the regression calculations. It is not necessary for the calibrator levels to be equally
spaced or for the same number of replicates to be tested at each calibrator level, only for the
adjusted individual sample calibrator levels to be symmetrical about zero. This does require that
calibrators be adjustable to specific nominal target levels. 
In many practical settings, it is recognized that one or more of these five assumptions cannot
be justified. In that case more complex methods, as well as statistical support, may be needed
to use the methods suggested here for confirmation of linearity. Some additional guidance for
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such settings is provided in Section 5 below. 
Assumption 6 is mandatory. Before conducting a linearity qualification experiment, the analyst
must specify the decision criterion. In the case of the TOST test for bias, this takes the form
of a maximum allowable bias window within which the estimated confidence interval (CI) for
bias attributable to nonlinearity must lie, across the analytical range, for the simpler model to
be accepted. To ensure a 95% confidence level, a 2-sided 90% CI is recommended. In the
case of a decision based on the AICc criteria, the AICc for the simpler model must be equal to
or less than that of the more complex model in order for the simpler model to be accepted. 
The calculations associated with the examples given in the previous Stimuli article (1) are
shown in the next two sections in a spreadsheet-like format. The necessary cell formulae are
given so that both the TOST bias and the AICc approaches can be easily applied. The tables
below are set out in rows and columns, as are the cells in a spreadsheet. Appropriate
spreadsheet functions such as SUM() or AVERAGE() should be substituted for mathematical
operators such as S or “over-bar.” Appropriate cells or cell ranges such as A1 or A1:A15 should
be substituted for the variables such as X or Y that are indicated in these tables. The ranges
over which various spreadsheet functions operate are implied but not given explicitly in the
mathematical formulae because they should be obvious from the context. All sums and
averages shown are assumed to be across the 15 observations in the data set.

3. APPROXIMATING A QUADRATIC CALIBRATION MODEL WITH A STRAIGHT-LINE
CALIBRATION MODEL 
The first example is a comparison between a quadratic model,

Y = 0quad + 1quad X + 2quad X2 + ,

which accommodates curvature, and a straight-line model,

Y = 0str + 1str X + .

The quadratic model (more complex model) is assumed to be the correct calibration model. The
goal is to determine whether the bias due to approximating the correct model with a simpler
model is within acceptable limits. In this example, all six assumptions discussed in Section 2 are
assumed to hold. Five calibrator levels are used with three independent replicates of each
calibrator level for a total of N = 15 total observations. However, the same basic calculation
approach can be extended for other choices of numbers of calibrator levels and replicates per
level.

3.1 Spreadsheet Calculation Example 
The calculations consist of five steps, all of which can be incorporated into the same
spreadsheet: calculation of (1) simple sums and averages of the observations, (2) model
parameter estimates, (3) predicted values, residuals, root mean square error (RMSE), and AICc,
(4) parameter variance estimates, and (5) CIs of estimation bias. These steps are explained in
Sections 3.1.1 to 3.1.5 below. Section 3.1.6 offers some guidance about choice of numbers of
calibrator levels and replicates per level.

3.1.1 sums and averages 
Table 1 gives a convenient spreadsheet layout for calculating sums and averages. The required
data and formulae are described below: 
Columns 1, 2, and 4: The cells in the first 15 rows contain the data associated with the 15
observations. 
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Column 3 (X): The first 15 rows contain the transformed calibrator level (X) corresponding to
each of the 15 observations. Because these are assumed to be symmetrical about zero (see
assumption 5 above), a 50 (half the range of the calibrator levels) is subtracted from each
calibrator level (C). 
Columns 5–8: Cells in the first 15 rows of these columns contain formulae that calculate the
quantity shown in the respective column heading from the values given in the X and Y values in
the corresponding row. 
Bottom 2 rows: These contain formula for the sum (i.e., SUM) and average (i.e., AVERAGE) of
the first 15 values in each respective column.

Table 1. Calculation of Sums and Averages

Sample

Calibrator
Concentration

(C)

Centered
Concentration
(X = C – 50)

Observed
Response 

(Y) X2 X2*Y X4 X*Y

1 0 –50 11.50 2500 28750.00 6250000 –575.00

2 0 –50 8.32 2500 20800.00 6250000 –416.00

3 0 –50 7.36 2500 18400.00 6250000 –368.00

4 25 –25 44.79 625 27993.75 390625 –1119.75

5 25 –25 43.93 625 27456.25 390625 –1098.25

6 25 –25 46.25 625 28906.25 390625 –1156.25

7 50 0 77.86 0 0.00 0 0.00

8 50 0 73.77 0 0.00 0 0.00

9 50 0 73.03 0 0.00 0 0.00

10 75 25 99.11 625 61943.75 390625 2477.75

11 75 25 98.15 625 61343.75 390625 2453.75

12 75 25 95.04 625 59400.00 390625 2376.00

13 100 50 109.59 2500 273975.00 6250000 5479.50

14 100 50 110.26 2500 275650.00 6250000 5513.00

N = 15 100 50 108.40 2500 271000.00 6250000 5420.00

  Column Sums SY = 1007.36 SX2 = 18750
SX2Y =

1155618.75 SX4 = 39843750
SXY =

18986.75

  Column Averages b0str = Y = 67.16   

3.1.2 parameter estimates 
The 3 rows of Table 2 provide estimates for the model parameters. Note that b represents an

estimate of the corresponding  given in the model equations above. The various statistics
indicated in Table 2 refer to the cells containing the corresponding values as indicated in Table
1.

Table 2. Parameter Estimates
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3.1.3 predicted values, residuals, rmse, and aicc 
The first 15 rows of Table 3 employ the parameter estimates from Table 2 and the X values
from corresponding rows of Table 1 to obtain predicted values for the quadratic and straight-
line models (columns 2 and 4, respectively) and corresponding residuals (columns 3 and 5,
respectively) for each of the 15 observations. 
The 16th row of Table 3 is conveniently obtained using the spreadsheet function SUMSQ over
the range of the 15 observation cells in columns 3 and 5, respectively. The RMSE in row 17 is

obtained by simple division by N  3 = 12 as indicated. The AICc values for each model are
calculated in row 18 using the formulas indicated. The natural log spreadsheet function LN is
used for these calculations. 
If the AICc decision criteria are to be used to assign an appropriate calibration model, then
calculations are complete. If the TOST bias decision criteria are to be used to assign an
appropriate calibration model, then additional calculations in Sections 3.1.4 and 3.1.5 are
needed.

Table 3. Predicted Values, Residuals, RMSE, and AICc

Sample

1 8.63 2.87 16.53 –5.03
2 8.63 –0.31 16.53 –8.21
3 8.63 –1.27 16.53 –9.17
4 45.79 –1.00 41.84 2.95
5 45.79 –1.86 41.84 2.09
6 45.79 0.46 41.84 4.41
7 75.05 2.81 67.16 10.70
8 75.05 –1.28 67.16 6.61
9 75.05 –2.02 67.16 5.87
10 96.42 2.69 92.47 6.64
11 96.42 1.73 92.47 5.68
12 96.42 –1.38 92.47 2.57
13 109.90 –0.31 117.79 –8.20
14 109.90 0.36 117.79 –7.53

N = 15 109.90 –1.50 117.79 –9.39
 Column Sums of Squares SSEquad =

SR2
quad = 42.82

 
SSEstr = SR2

str
= 696.78

  RMSE = SSEquad

/(N  3) = 1.89

  

  AICcquad =
N·loge(SSEquad
/N) + 8 · N/(N 

 5) = 27.73

 AICcstr =
N·loge(SSEstr

/N) + 6 · N/(N

 4) = 65.76

3.1.4 variance of parameter estimates 
In the 4 rows of Table 4, some statistics are calculated and are needed to apply Fieller's
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method for the TOST bias test as described previously (1). In the first row, the determinant (D)
is obtained using the sums given in Table 1. In rows 2 and 3, point estimates of sampling
variances for 2 parameters of the quadratic model are obtained using sums from Table 1 and
the RMSE obtained in Table 3. The sampling covariance of these parameters is zero because of
assumption 5 in Section 2. 

In the last row of Table 4, the 90th percentile of the central t–distribution, for N  3 = 12
degrees of freedom using the spreadsheet function TINV. This percentile is used in Table 5.

Table 4. Variance of Parameter Estimates

D = N · SX 2 · SX 4  (SX 2)3 = 4.61426E+12

3.1.5 cis of concentration bias 
Table 5 provides the bias in reported concentration due to using the straight-line calibration
model in place of the quadratic (correct) calibration model for each sample. The second column
gives point estimates, and the 4th and 5th columns give lower and upper 90% CIs,
respectively, using the equations in the heading of each column. If the CI for bias is contained
within the allowable bias limits (e.g., ±10%) across the desired operating range of the test
method, then the straight-line model is considered an acceptable calibration model.

Table 5. CIs of Concentration Bias

Sample

1 –7.79 0.34 –8.84 –6.75
2 –7.79 0.34 –8.84 –6.75
3 –7.79 0.34 –8.84 –6.75
4 3.90 0.08 3.38 4.42
5 3.90 0.08 3.38 4.42
6 3.90 0.08 3.38 4.42
7 7.79 0.34 6.75 8.84
8 7.79 0.34 6.75 8.84
9 7.79 0.34 6.75 8.84
10 3.90 0.08 3.38 4.42
11 3.90 0.08 3.38 4.42
12 3.90 0.08 3.38 4.42
13 –7.79 0.34 –8.84 –6.75
14 –7.79 0.34 –8.84 –6.75

N = 15 –7.79 0.34 –8.84 –6.75

3.2 Some Guidance on the Required Number of Levels and Replicates within Each Level 
Before conducting a calibration linearity qualification experiment, analysts must choose the
number of calibrator levels (n) and the number of replicate tests for each calibrator level (r).
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The choice of n and r should be based on the expected width of the 90% CI for a particular
situation. This CI must be contained within the range of allowable bias in order to accept the
straight-line model. If the CI is wider than the allowable range, the qualification experiment will
be underpowered. Therefore, it is advisable to consider the effect of n and r on CI width. 
Table 6 assumes that n calibrator levels are evenly spaced between 0 and 100 (X ranges from 

50 to +50) with r replicates per calibrator level so that N = nr. M = 50 is the half-calibrator

range. The true calibration model is assumed to be a quadratic function with 1quad = 1 and 

2quad =  0.007. To give some sense of the interpretation of 2quad, note that 2quad is equal
to half the change in slope for each increase of 1 concentration unit across the analytical

range. The constant variance in the measured response (Y) is assumed equal to  = 2.

Table 6. Dependence of the Number of Calibrator Levels (n) and the Number of Replicate
Tests/Level (r) on the Width of the 90% CI for Bias at X = 0

r (reps/level)
n =
3 4 5 6 7 8 9 10

r = 2 5.54 3.64 2.93 2.53 2.26 2.07 1.92 1.80
3 3.74 2.70 2.25 1.97 1.78 1.64 1.53 1.44
4 3.05 2.26 1.90 1.68 1.52 1.40 1.31 1.23
5 2.66 1.99 1.68 1.48 1.35 1.25 1.17 1.10
6 2.38 1.79 1.52 1.35 1.23 1.13 1.06 1.00
7 2.18 1.65 1.40 1.24 1.13 1.05 0.98 0.92
8 2.03 1.53 1.30 1.16 1.05 0.98 0.91 0.86
9 1.90 1.44 1.22 1.09 0.99 0.92 0.86 0.81
10 1.79 1.36 1.16 1.03 0.94 0.87 0.81 0.77

Relative Bias

–2.00
–

1.25
–

1.00
–

0.88
–

0.80
–

0.75
–

0.71 –0.69
Position of Zero Bias Point as Fraction of

0.82 0.75 0.71 0.68 0.67 0.65 0.65 0.64

The numbers in Table 6 give the width of the 90% CI for biasx at the middle of the
concentration range (i.e., X = 0) as a function of n and r. These are intended only as a rough
guide because the CI width varies across the concentration range and is proportional to the

analytical standard deviation, . If the calibrator levels are evenly spaced with the same
number of replicates per level, it may be shown that this 90% bias CI width at X = 0 is equal to

The true bias near the center of the concentration range is opposite in sign compared to the
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bias at the extremes of the range. The number of levels affects the relative bias (true bias at X
= 0 divided by true bias at X = ± M), and increasing numbers of levels correspond to a lower
absolute magnitude of bias near the center of the concentration range relative to the that at

the extremes of the range. When n  5, the worst-case bias occurs at X = 0. For n > 5, the
worst case bias occurs at X = ± M. 
As previously noted (1), there are two points in the concentration range at which the bias
equals zero. The position of these points depends only on the number of calibrator levels. As
indicated in the last row of Table 6, as the number of levels increases, these points (as a
fraction of the half range, M) move closer to the center of the range.

4. APPROXIMATING A STRAIGHT-LINE CALIBRATION MODEL WITH A PROPORTIONAL
CALIBRATION MODEL 
The second example is a comparison between a straight-line model,

Y = 0str + 1str x + ,

which includes an intercept term, and a simpler proportional model,

Y = 1prop X + ,

which passes through the origin. The straight-line model (more complex model) is assumed to
be the correct calibration model. The goal is to determine whether the bias due to
approximating the correct model with a simpler model is within acceptable limits. In this
example, assumptions 1–4 and 6, discussed in Section 2, are assumed to hold. Five calibrator
levels are used with three independent replicates of each calibrator level for a total of N = 15
total observations. However, the same basic calculation approach may be extended for other
choices of numbers of calibrator levels and replicates per level.

4.1 Spreadsheet Calculation Example 
The calculations consist of five steps, all of which can be incorporated into the same
spreadsheet: calculation of (1) simple sums and averages of the observations, (2) model
parameter estimates, (3) predicted values, residuals, RMSE, and AICc, (4) parameter variance
estimates, and (5) CIs of estimation bias. These steps are explained in Sections 4.1.1 to 4.1.5
below. Section 4.1.6 offers some guidance on choice of numbers of calibrator levels and
replicates per level.

4.1.1 sums and averages 
Table 7 gives a convenient spreadsheet layout for calculating sums and averages. The required
data and formulae are described below: 
Columns 1, 2, and 3: The cells in the first 15 rows contain the data associated with the 15
observations. Note that unlike the example in Section 4 above, the X variable in column 2 is not
transformed but is simply the calibrator concentration. 
Columns 4–7: Cells in the first 15 rows of these columns contain formulae that calculate the
quantity shown in the respective column heading from the values given in the X and Y values in
the corresponding row. 
Bottom 2 rows: These contain formulae for the sum (i.e., SUM) and average (i.e., AVERAGE) of
the first 15 values in each respective column.

Table 7. Sums and Averages
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Sample

Calibrator
Concentration

(X)

Observed
Response

(Y)

R11 =

(X X)2

R12 = (X 

X)(Y  Y) X*Y X2

1 0 3.10 2500.00 2543.00 0.00 0
2 0 4.57 2500.00 2469.50 0.00 0
3 0 5.95 2500.00 2400.50 0.00 0
4 25 29.96 625.00 600.00 749.00 625
5 25 31.21 625.00 568.75 780.25 625
6 25 32.22 625.00 543.50 805.50 625
7 50 51.60 0.00 0.00 2580.00 2500
8 50 51.79 0.00 0.00 2589.50 2500
9 50 52.13 0.00 0.00 2606.50 2500
10 75 77.31 625.00 583.75 5798.25 5625
11 75 83.15 625.00 729.75 6236.25 5625
12 75 78.36 625.00 610.00 5877.00 5625
13 100 101.52 2500.00 2378.00 10152.00 10000
14 100 104.67 2500.00 2535.50 10467.00 10000

N = 15 100 101.86 2500.00 2395.00 10186.00 10000

Column
Sums SX = 750 SY = 809.4

SXY =
58827.25

SX2 =
56250

Column
Averages X = 50 Y = 53.96

    

4.1.2 parameter estimates 
The 3 rows of Table 8 provide estimates for the model parameters. Note that b represents an

estimate of the corresponding  given in the model equations above. The various statistics
indicated in Table 8 refer to the cells containing the corresponding values as indicated in Table
7.

Table 8. Parameter Estimates

b0str
 = Y  b1str·X

 = 5.007

4.1.3 predicted values, residuals, rmse, and aicc 
The first 15 rows of Table 9 employ the parameter estimates from Table 8 and the X values
from corresponding rows of Table 7 to obtain predicted values for the straight-line and
proportional models (columns 2 and 4, respectively) and corresponding residuals (columns 3 and
5, respectively) for each of the 15 observations. 
The 17th row of Table 3 is conveniently obtained using the spreadsheet function SUMSQ over
the range of the 15 observation cells in columns 3 and 5, respectively. The RMSE in row 16 is

obtained by simple division of this quantity by N  2 = 13 as indicated. The AICc values for
each model are calculated in row 18 using the formulas indicated. The natural log spreadsheet
function LN is used for these calculations.
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Table 9. Predicted Values, Residuals, RMSE, and AICc

Sample

1 5.01 –1.91 0.00 3.10
2 5.01 –0.44 0.00 4.57
3 5.01 0.94 0.00 5.95
4 29.48 0.48 26.15 3.81
5 29.48 1.73 26.15 5.06
6 29.48 2.74 26.15 6.07
7 53.96 –2.36 52.29 –0.69
8 53.96 –2.17 52.29 –0.50
9 53.96 –1.83 52.29 –0.16
10 78.44 –1.13 78.44 –1.13
11 78.44 4.71 78.44 4.71
12 78.44 –0.08 78.44 –0.08
13 102.91 –1.39 104.58 –3.06
14 102.91 1.76 104.58 0.09

N = 15 102.91 –1.05 104.58 –2.72
  RMSE = SSEstr

 / (N  2) =

2.12

  

  SSEstr = SR2
str = 58.67  SSEprop =

SR2
prop =

184.04
  AICcstr = N·loge (SSEstr/N)+

6·N/(N  4) = 28.64
 AICcprop =

N·loge
(SSEprop/N) +
4·N/(N  3)

= 42.61

If the AICc decision criteria are to be used to assign an appropriate calibration model, then
calculations are complete. If the TOST bias decision criteria are to be used to assign an
appropriate calibration model, then additional calculations in Sections 4.1.4 and 4.1.5 are
needed.

4.1.4 variance of parameter estimates 
The eight rows of Table 10 calculate some statistics that are needed to apply Fieller’s method
for the TOST bias test as described previously (1). In the first row, the determinant (D) is
obtained using the sums given in Table 1. 

The second row of Table 10 calculates the 95th percentile of the central t-distribution for N 
2 = 13 degrees of freedom using the spreadsheet function TINV. 
In row 3, a point estimate of the coefficient ratio is obtained. 
In rows 4, 5, and 6, point estimates of sampling variances and covariance for the two
parameters of the quadratic model are obtained using sums from Table 7 and the RMSE
obtained in Table 9. 
Rows 7 and 8 provide the lower and upper limits, respectively, of the 90% CI of the coefficient
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ratio.

Table 10. Variance of Parameter Estimates
D = N·R11 = 281250

tN − 2,0.95 = TINV(0.1, N − 2) = 1.7709334

mlin = b0str/b1str = 5.114464

4.1.5 cis of concentration bias 
In Table 11 the 90% CI for bias in reported concentration due to using the proportional
calibration model in place of the straight-line (correct) calibration model is calculated for each
sample. The 4th and 5th columns give lower and upper 90% CIs, respectively, using the
equations in the heading of each column. Notice that the concentration bias is greatest near
zero concentration and diminishes to zero at the level of the single-point calibrator (Xstd = 100
in this example). If the CI for bias is contained within the allowable bias limits (e.g., ±10%)
across the desired operating range of the test method, then the straight-line model is
considered an acceptable calibration model.

Table 11. CIs of Concentration Bias

Sample
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1 3.17 6.50
2 3.17 6.50
3 3.17 6.50
4 2.38 4.88
5 2.38 4.88
6 2.38 4.88
7 1.59 3.25
8 1.59 3.25
9 1.59 3.25
10 0.79 1.63
11 0.79 1.63
12 0.79 1.63
13 0.00 0.00
14 0.00 0.00

N = 15 0.00 0.00

4.2 Some Guidance on the Required Number of Levels and Replicates within Each Level 
Table 12 below assumes that n calibrator levels are evenly spaced between 0 and H = 100 with
r replicates per calibrator level. The single-point standard to be used is Xstd = H = 100. The

true calibrator model is assumed to be a straight line with intercept = 0str = 4 and slope = 

1str = 1. The measurement standard deviation is assumed to be  = 2. The entries in Table 12
are the 95% CI of biasx at X = 0 (worst case) as a function of n and r. Under these
assumptions, the width of this CI can be shown to be equal to

, where

and

Table 12. Dependence of the Number of Calibrator Levels (n) and the Number of
Replicate Tests/Level (r) on the Width of the 90% CI for Bias at X = 0

 n = 3 4 5 6 7 8 9 10
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r = 2 5.34 4.48 3.97 3.62 3.35 3.14 2.97 2.82
3 3.87 3.41 3.09 2.85 2.66 2.50 2.37 2.26
4 3.21 2.87 2.62 2.43 2.27 2.14 2.03 1.94
5 2.80 2.53 2.31 2.15 2.01 1.90 1.81 1.72
6 2.52 2.28 2.10 1.95 1.83 1.73 1.64 1.57
7 2.31 2.10 1.93 1.80 1.69 1.60 1.52 1.45
8 2.15 1.95 1.80 1.68 1.57 1.49 1.42 1.35
9 2.02 1.84 1.69 1.58 1.48 1.40 1.33 1.27
10 1.90 1.74 1.60 1.49 1.40 1.33 1.26 1.21

The magnitude of the CI for biasx at X = 0 (worst case) can be used as one basis for selecting
the number of calibrator levels and replicates. The table above gives the width of this CI for a
selected set of r and n likely to be employed in a linearity confirmation experiment. The
magnitude of these interval widths should be judged against the allowable bias for the method.
In order to ensure that the experiment is capable of detecting biases of practical importance,
The width should be not much greater than the allowable range of bias near X = 0. The widths
provided in this table are proportional to s. Table 2 is based on s = 2. The width also depends
in a complex way on relative magnitudes of the true calibration slope and the intercept: The
width increases as the intercept grows in magnitude relative to the slope.

5. RECOMMENDATIONS FOR GENERAL CONDITIONS OF EXPERIMENTAL DESIGN 
The previous sections illustrated the TOST approach to evaluate the bias in reported result
(concentration) associated with either approximating a quadratic model with a straight-line
model (see Section 3 above) or approximating a straight-line model with a proportional model
(see Section 4 above). The derivation of the 90% two-sided CI of biasx in comparing the
quadratic model with the straight-line model was facilitated by an assumption that the N
concentration values are symmetrically spaced, that measurement variance was equal across
the concentration range, and that measurements were independent. Although these
assumptions simplify the calculations of the TOST test for comparing the quadratic and
straight-line models, they are not necessarily required. Without these assumptions, based on
the geometry of Figure 1 of (1) it can be readily shown that 

 at a given concentration x0 in
association with approximating model (5) with model (3) is given by

Eq. 1 can be rewritten using matrix expressions for generalized linear regression:
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where Xstr and Xquad are the respective design matrices and S is the variance–covariance matrix
of response values. In this form it is clear that the numerator and denominator are linear
combinations of the response vector, Y. The variances of the numerator and denominator as
well as their covariance, which are required for Fieller's theorem (1) can then be obtained as

Although the assumption of symmetrical spacing is not required for the TOST calculations that
compare the straight-line model with the proportional model, the approach given in Section 4
still assumes variance homogeneity and independence. In that case, an approach similar to the
generalized linear regression can be applied to the comparison of a straight-line model to a
proportional model. 
The generalized linear regression approach can also be coded in a spreadsheet such as
Microsoft Excel using Excel matrix functions. However, this generally requires statistical
expertise and is better suited to a statistical package such as SAS, Matlab, or R. 
Recently, Novick and Yang (2) proposed a new equivalence test to compare the quality of a
straight-line fit to that of a higher-order polynomial under general experimental conditions. By
using orthogonal polynomials and generalized pivotal quantity analysis, they estimate the
probability of equivalence between a straight-line and a polynomial-curve fit either in the assay
signal space or in the concentration space. Because of the orthogonality, unbiased estimators
of the model parameters are easily derived. In addition, all regression coefficients are
uncorrelated, and coefficient estimates in a lower-order model are the same as those in a
higher-order model. These properties, taken together, can greatly simplify the expression of 
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 in (Eq. 1). In fact, 

 can be rewritten as a ratio of two
uncorrelated coefficient estimators that are linear combinations of the linear combinations of
the response vector, Y. Because neither the coefficient estimates nor the estimate of standard
deviation based on orthogonal polynomial regression involve matrix inversion, calculation of the
90% two-sided CI of biasx can be easily implemented in Excel. Detailed discussion of the
method is outside the scope of this Stimuli article and will be considered in future publications.

6. DISCUSSION 
Ensuring adequate analytical method calibration linearity is important because an inadequate
calibration model may result in bias in the reported concentration. We have previously noted
(1) the inadequacy of decision criteria in common use for qualification of calibration linearity
such as Pearson’s correlation coefficient, lack-of-fit or Mandel’s hypothesis tests, and other
tests that have been proposed. These tests either fail to directly assess the essential risk (bias
in reported concentration), misplace (in the case of hypothesis tests) the burden of proof, or
rely on a metric (such as correlation coefficient) that fails to properly account for model
parsimony. 
We previously laid the theoretical basis and rationale for two new approaches to qualification of
calibration linearity based on model comparisons (1). When method development suggests a risk
of calibration bias due to curvature, we recommend a comparison of straight-line and quadratic
models. When method development suggests a risk of calibration bias due to use of a single-
point calibration, we recommend a comparison of proportional and straight-line models. The
TOST test for bias in reported concentration directly addresses the risk and the responsibility
for burden of proof. The AICc criteria provide an evidentiary standard that properly accounts
for model parsimony and may be appropriate in cases where significant evidence of calibration
linearity is available from early method development experience. 
In this Stimuli article we illustrate the calculation details for these new methods. Our purpose is
to show that when the assumptions in Section 2 are met, these calculations are easily
performed using common spreadsheet software such as Microsoft Excel. We also note other
new approaches that should be considered when qualifying calibration linearity (2) and that
may have advantages over the methods described here. We feel these new methods should be
incorporated into a new USP general chapter on statistical tools for method validation.
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ABSTRACT The suitability of DNA markers for providing unequivocal identification of botanicals
and for detecting adulterants has become a growing area of research with implications for
industry and compendial science. Molecular markers have been exploited as diagnostic tools to
identify complex ingredients used in foods and dietary supplements, including raw materials,
extracts, vegetable oils, and other products. The rising global demand for botanicals and the
wide variety of items available to consumers have led to increases in adulteration and
substitution. In turn, these practices have been linked to economic losses and diminished
consumer confidence, which are serious concerns for both the dietary supplement industry and
consumers. A variety of DNA-based methods have potential for authentication of foods and
dietary supplements, including both raw materials and finished products. These tools vary in
their complexity and cost. Recently, DNA-based methods such as DNA barcoding, which uses
short sequences of specific plastid loci, have been developed for identification of plant species
and also can be used to identify botanical materials. This Stimuli article provides a summary of
DNA-based methods for botanical authentication and adulterant detection and discusses the
pros and cons of each method for compendial application. These methods may be adopted in
USP as a general chapter with applications to botanical dietary supplement monographs.

INTRODUCTION 
The expected quality of finished botanical products depends largely on correct identification of
the raw ingredients. Thus, accurate identification of botanical species and detection of
adulterants are two of the greatest challenges facing natural products companies today. DNA
technology provides a simple but powerful tool to complement chemical analyses for
authentication and can help ensure that articles of botanical origin are not contaminated with
inferior or potentially harmful substitutes or adulterants. 
There are strict regulatory requirements for using scientifically valid identification methods in
the authentication and quality assessment of botanicals. One of the most important current
Good Manufacturing Practices (cGMP) requirements for all dietary supplement manufacturers is
to perform 100% botanical identity testing for each ingredient (e.g., crude botanical raw
materials, powdered samples, and finished products), including vitamins and minerals, using a
scientifically valid method of the manufacturer's choice. In October 2011, FDA formally
approved the use of DNA for identification of commercially used species of fish (1). 
Botanical identifications are commonly made using morphological, microscopic, and chemical
methods. Identification of plants at the species level traditionally is achieved by careful
examination of macroscopic and microscopic morphological features of plant specimens.
Taxonomic identification is usually performed by specially trained experts in botanical
systematics. However, morphological identification often is not possible when the original plant
material consists of dried, cut and shifted, or processed plant parts or when the material
consists only of a whole, single plant part containing no taxonomic characters. Thus, additional
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identification methods often are required for these sample types. 
Current pharmacopeial standards employing macro- or microscopic morphological features have
been used worldwide to correctly identify botanicals in many forms, including whole plants and

powdered samples. USP general chapter Identification of Articles of Botanical Origin 563 , the
Japanese Pharmacopoeia, and the European Pharmacopoeia have used macroscopic and
microscopic evaluation (morphology, anatomy, and histology) and chemical profiles (thin-layer
chromatography, high-performance liquid chromatography, and gas chromatography) for quality
control and standardization of raw and processed plant material (2,3). In addition, inert or
nonreactive adulterants can be difficult to detect using chemical methods. Microscopic
examination of plant materials requires botanical expertise for unambiguous authentication
because related species often possess similar features (4). Although some adulterants can be
detected by microscopic examination, others are not readily identifiable. However, chemical
variability within the plant material is affected by growth and storage conditions as well as
harvesting protocol, and therefore chemical fingerprints may vary although the genomic
composition remains the same. The presence of some chemical markers may be necessary for
the plant to deliver the intended effect, and DNA-based methods may not be able to correlate
with this. Some of the botanical preparations, such as extracts used as ingredients for dietary
supplement dosage forms, are subjected to conditions that would eliminate the DNA content
rendering the DNA-based methods unusable for these types of ingredients. 
To complement traditional botanical identification methods that rely on morphological features
or chemistry, analysts have developed DNA-based methods that address the complex
characteristics of botanical matrixes. DNA-based methods have been shown to be efficient in
distinguishing genuine plant materials from adulterants (5,6). In addition, DNA-based methods
often are more reliable than traditional methods, especially when applied to single-organ
specimens that lack diagnostic taxonomic characters, to powdered materials in which the
distinguishing characteristics are no longer visible, or when it is difficult to distinguish among
closely related or morphologically similar species. DNA-based methods such as DNA barcoding
using universal primers also are able to readily identify unexpected adulterants and substitutes. 
Given the reliability of DNA-based methods for identification of botanical ingredients, this Stimuli
article provides a summary of DNA-based methods of potential compendial use, the strengths
and weakness of each method, and examples of method application to botanical dietary
ingredients. These methods may be drafted to develop an informational USP general chapter.
The compendial tool may be used to confirm the identity and to detect adulteration of specific
botanical dietary ingredients.

DNA BARCODING 
DNA barcoding is a particular type of DNA sequence-based identification method. A number of
institutions are undertaking large DNA barcoding initiatives, including several academic research
organizations, e.g., the Consortium for the Barcode of Life (CBOL), the International Barcode of
Life, and others (7). Various nuclear and plastid gene regions have been proposed for use as
standard DNA barcoding regions, but no single gene region is appropriate for use across all plant
groups to distinguish between closely related species, which is a requirement for authentication
of commercial species. Further, powerful DNA-based methods such as next-generation
sequencing (NGS) technologies are able to identify multiple species in a mixture, including
expected and unexpected species. 
Some of the first DNA-based assays relied on comparisons among random DNA fragments or
indirect comparisons of reference standards and samples. Modern assays rely on comparison of
nucleotide sequences from a specific stretch of DNA (DNA sequences or DNA barcode) to
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perform DNA sequence-based identification. 
The use of DNA sequence data for plant systematics has become more common. Many
taxonomic treatments that were once based solely on morphological characters now are being
revised to include novel insights derived from DNA sequence data. Hypotheses of species
evolutionary history, known as phylogenies, may be constructed from DNA sequences
(sometimes in combination with morphological data). Therefore, DNA sequences, especially
those regions used by botanical systematists as a basis for classification, are a useful way to
authenticate botanical materials. 
DNA sequence data also are used for medicinal herb authentication for many plant species (8).
DNA sequences are not affected by the developmental stage or by the environment. Depending
on the region being analyzed, the sequence of bases in a strand of DNA can be unique to a
particular species, population, or individual. In addition, DNA-based tools may be useful for
detecting adulterants of biological origin (9). Hence, new DNA-based technologies may offer
reliable alternative identification methods that can provide increased accuracy by avoiding
misidentifications of closely related species and by identifying intentional and accidental
adulterants or contaminants.

Methods for DNA Barcoding 
Numerous DNA-based methods are now available, and many provide promising opportunities for
botanical identification and detection of adulterants. A brief overview with descriptions of the
various methods follows.

restriction fragment length polymorphism 
Restriction fragment length polymorphism (RFLP) compares patterns of size-separated DNA that
has been enzymatically cut (restricted). When total genomic DNA is analyzed, select fragments
are visualized by (Southern) nucleic acid hybridization using well-characterized fragments, e.g.,

the plastid genome or the rDNA array (see Nucleic Acid–Based Techniques—Genotyping 1129

 for more information).

arbitrarily primed pcr 
Arbitrarily primed PCR (AP-PCR) compares patterns of size-separated DNA fragments that
belong to unknown loci that have been amplified using arbitrary primers, as in random amplified
polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP), direct amplification of
length polymorphisms (DALP), and inter-simple sequence repeat (ISSR).

site-targeted pcr 
Site-targeted PCR compares the properties of DNA fragments amplified from known loci using
specific primers. Identifications can be made based on the following variables:

amplification success, as in quantitative PCR (qPCR) and digital PCR (Dig-PCR)
size of the amplified fragments, as in amplification-refractory mutation system (ARMS)
and simple sequence repeats (SSR, also known as microsatellites)
specific nucleic acid hybridization, as in TaqMan qPCR and some array methods
nucleotide composition, as in high-resolution melting (HRM)
a combination of nucleotide sequence and size, as in cleaved amplified polymorphic
sequence (CAPS)
nucleotide sequence, as in sequence-characterized amplified region (SCAR), single
nucleotide polymorphism (SNP), and sequencing.

sequencing 
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Nucleotide sequence can be determined for a known region using site-targeted PCR or loop-
mediated isothermal amplification (LAMP) followed by traditional Sanger sequencing or NGS (see

Nucleic Acid–Based Techniques—Extraction, Detection, and Sequencing 1126  and 1129
for more information).

loop-mediated isothermal amplification 
LAMP compares the properties of DNA fragments amplified from known loci using specific
primers. Identifications can be made using all of the methods listed for site-targeted PCR.

arrays 
Southern hybridization arrays compare patterns of simultaneously detected known sequence
variants using either traditional macroarray or newer microarray (chip) technologies. The DNA
samples analyzed are either the products of site-targeted PCR or LAMP or are cut (restricted or

sheared) whole genomic DNA (see Nucleic Acid–Based Techniques—Microarray 1128  for
more information).

Strengths and Weaknesses of DNA-Based Methods 
Each DNA-based method for botanical authentication has strengths and weaknesses, including
specificity, accuracy, reproducibility, protocol complexity, suitability for automation, ability to
work with degraded DNA (as a result of processing), difficulty of data analysis, the need for
DNA standards, taxonomic discrimination, and the ability to detect unexpected adulterants,
contaminants, or substitutions. Therefore, analysts must weigh each of these aspects when
selecting the most appropriate method for a given purpose. Typically, ARMS methods, SSRs,
and SNPs are most useful for population genetic analysis of a single species, whereas site-
targeted PCR, LAMP, array, and sequencing methods are appropriate for genotype or species
detection. 
Depending on their design, RFLP assays can be highly specific, accurate, and reproducible. The
RFLP profile obtained may be contingent on developmental stage, organ sampled, or
environmental conditions, depending on the enzyme(s) selected for the restriction reaction
(because of DNA methylation). RFLP protocols are relatively cumbersome and time consuming
and do not lend themselves well to automation. RFLP requires a relatively large amount of DNA
and cannot accommodate degraded DNA samples. Data analysis is relatively simple, but DNA
reference standards are required to ensure accuracy. A well-designed RFLP assay can
discriminate among closely related species and can detect numerous adulterants,
contaminants, and substitutions, but the identity of the adulterants, contaminants, and
substitutions may or may not be discernible. 
Generally, AP-PCR methods are not highly specific or accurate because AP-PCR cannot
distinguish well between variation within the target and variation in close relatives. AP-PCR
methods are not highly reproducible (10) and are sensitive to degraded DNA. Some methods,
such as AFLP, are further sensitive to developmental stage, organ sampled, or environmental
conditions (because of DNA methylation). AP-PCR protocols are simple and are amenable to
automation. However, analysis of the resulting data can be complex and in some cases
impossible. DNA reference standards may be required to ensure accuracy. It is difficult to
predict the ability of a given AP-PCR protocol to detect specific species, adulterants,
contaminants, or substitutions. 
Well-designed site-targeted PCR methods can be highly specific, accurate, and reproducible.
Methods such as qPCR and Dig-PCR that do not further interrogate the amplified fragment are
less reliable than other methods. In some rare circumstances, lower-specificity interrogations
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such as those used by HRM and SSR may be unreliable. Site-targeted PCR protocols are
straightforward and are amenable to automation. Depending on the design of the assay,
degraded DNA may be a problem, particularly for methods such as qPCR and Dig-PCR that rely
on the presence or absence of a PCR product (a poorly designed ARMS assay also may have
this problem). Generally, assays designed to work with fragments smaller than 200 base pairs in
length are robust to DNA degradation. 
Depending on the assay, data analysis for site-targeted PCR methods is simple to moderately
complex. DNA standards improve the accuracy of qPCR, Dig-PCR, ARMS, HRM, and CAPS.
Taxonomic discrimination and the ability to detect adulterants, contaminants, or substitutions
depend on the particular marker targeted and the method used to interrogate the amplified
fragment. The design of the site-targeted PCR primers used may be universal (i.e., amplifying
from all living things or a significant and predictable subset) or specific (i.e., amplifying only a
particular, small taxonomic group), and in either case any adulterants, contaminants, or
substitutions outside of the design range of the site-targeted PCR primers cannot be detected.
In decreasing rank order, the methods' ability to detect adulterants, contaminants, or
substitutions is: sequencing and SCAR, CAPS, SNP, HRM, ARMS and TaqMan, qPCR, SSR, qPCR,
and Dig-PCR. LAMP-based methods are similar to site-targeted PCR methods and differ only in
their increased sensitivity. 
Depending on their design, array assays can be highly specific, accurate, and reproducible.
Array protocols are simple and are amenable to automation. The presence of degraded DNA
usually is not an issue for array methods unless large site-targeted PCR products are used.
Smaller overlapping fragments covering the target marker usually can be substituted to
compensate for degraded DNA, and DNA standards generally are not needed. Array assays can
be designed to discriminate among known taxa, but it is difficult (but not impossible) to detect
unexpected adulterants, contaminants, or substitutions. If the array assay manages to detect
unexpected adulterants, contaminants, or substitutions, their identity usually is not discernible.

Plant Identification Using DNA (Sanger) Sequencing 
The process for plant identification using DNA (Sanger) sequencing includes marker selection,
DNA extraction, PCR primers and amplification, DNA sequencing, and comparison with reference
materials, as described in the following summaries.

dna marker selection 
The chosen sequence must be sufficiently specific to capture any potential primary and
adulterant species in the sample but also sufficiently universal to avoid false-negative reactions
for closely related species. For example, a species-specific primer is not appropriate for most
identification procedures because adulterants cannot be detected and amplification failure can
result due to either absence of the species or degraded DNA. In many cases, a single marker
may be sufficient for identification, but multiple markers from different parts of the genome
(e.g., plastid or nuclear material) ensure that hybrids can be detected. Typically, regions used
for DNA sequence identification range from 100 to 1500 base pairs in length. Smaller DNA
fragments may be less susceptible to DNA degradation.

dna extraction 
Before amplification of the desired marker can be performed, the total genomic DNA must be
extracted. Several procedures are available. The suitability of a procedure depends on the
starting material (11) and the purity of the DNA required for downstream applications. The
principal procedures are described below, and several commercial kits are available to
accommodate different sample types and applications. 
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Total genomic DNA must be extracted from ground plant material. Plant materials may be
homogenized manually using a mortar and pestle, mechanical grinder, or other apparatus
depending on the nature of the material. Total genomic DNA extraction and purification can be
challenging because of the abundance of secondary metabolites (polysaccharides, tannins,
essential oils, phenolics, alkaloids, and waxes) in many medicinal plant species. Some of the
secondary metabolites may coprecipitate with DNA during extraction and may inhibit further
enzymatic reactions, including restriction digestion and PCR. In particular, large amounts of
complex polysaccharides can make extraction of usable DNA impossible, rendering the aqueous
portion of the extract too viscous to allow efficient separation of DNA from the contaminating
polysaccharides. This type of contamination can lead to poor DNA yield and can prevent access
by modifying enzymes. A number of methods have been developed to dilute, selectively
precipitate, or inactivate the contaminating substances (11–13). 
Numerous commonly used DNA extraction methods are appropriate for a wide range of fresh and
dried plant materials, including cetyl trimethylammonium bromide, silica-based methods (13–16),
and a variety of commercially available kits that use silica columns or glass-coated magnetic
beads. Although many of these methods work well on both fresh and dried materials and on any
plant part, those that are degraded or contain significant levels of secondary compounds or
other PCR inhibitors may require minor adjustments to standard extraction protocols. The basic
principles of nucleic acid extraction, detection, and sequencing and definitions of various

methods are covered in 1126 .

pcr primers and amplification 
Typically, PCR primers are between 18 and 30 bases in length and amplify a region between 100
and 1500 base pairs in length. As noted, PCR primers may be universal, meaning they are
capable of amplifying all potential organisms that are present in a test sample (including fungi,
plants, and animals or an important and predicable subset), or they are taxon specific, meaning
they have been designed to amplify only organisms in a targeted set (i.e., family, genus,
species, or subspecies). A number of nuclear, mitochondrial, and plastid gene regions are used
for universal amplification, including nrITS, nrITS1, nrITS2, matK, rbcL, psbA–trnH intergenic
spacer, cox3, COI (also known as cox1), external transcribed spacer (ETS), 18S, 5S, trnL–trnF
intergenic spacer, and trnL intron. Taxon-specific primers may be designed on the basis of
proteins found in specific plant groups (e.g., the soy lecithin gene found in soy) or by obtaining
sequences of any variable DNA region for the target taxon and designing primers that
specifically bind only to sequences from the taxon of interest. More information regarding PCR
amplification procedures for DNA analysis are described in Nucleic Acid–Based Techniques—

Amplification 1127 .

dna sequencing 
Most commonly, DNA sequencing is conducted using the Sanger protocol that has been
modified to use florescent dye terminators on a capillary electrophoresis apparatus, although a
number of emerging sequencing technologies (e.g., NGS) are now taking root. Once fluorescent
dye has been incorporated into the amplified DNA, the bases are identified by their emission of
light at different wavelengths. The resulting data are a chromatogram that can be visualized
and analyzed by several sequence-analysis computer programs.

comparison with reference materials 
DNA sequences of test articles are compared to sequences obtained from multiple reference
materials in an aligned matrix (commonly referred to as an alignment), which allows the
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sequences to be visually inspected to identify diagnostic nucleotide positions. Although
numerous computer programs are able to automate comparisons between sequences from test
articles and reference sequences, performance varies widely (17). Analysts should always
manually check the results suggested by computer programs to confirm identity. Positive
identifications are not possible when the sequences from test articles fall outside the range of
known variation represented in the reference sequences. If a sufficiently large number of
reference materials have been used to develop the assay, most test materials should be
identified without ambiguity based on DNA sequence data.

EXAMPLES OF DNA-BASED METHODS FOR AUTHENTICATING ARTICLES OF BOTANICAL
ORIGIN 
In order to highlight the range of available approaches, we present three recent examples of
DNA-based methods used to authenticate articles of botanical origin and to detect adulterants.

Black Cohosh 
Black cohosh (Actaea racemosa) can be distinguished from related species consistently by
using two nucleotide positions in the plant barcode marker, matK (18). In this example, DNA
was extracted from morphologically complete voucher specimens, and sequences of the plant
barcode markers were generated. Nucleotide positions that appeared to distinguish the species
were evaluated for consistency by using a large number of samples. To ensure that the most
diagnostic nucleotide positions could be assayed in samples with degraded DNA, a novel set of
PCR primers was designed. Finished commercial products were evaluated using DNA sequences
generated by this novel set of PCR primers. It was determined that 25% of the examined
products contained Chinese cimicifuga (A. cimicifuga or A. dahurica) or bugbane (A. simplex)
rather than black cohosh (18).

St. John's Wort 
DNA sequences from morphologically complete voucher specimens were used to design an
assay to specifically detect DNA from St. John's wort (Hypericum perforatum) (19). The assay
used three sets of nested PCR primers. The outermost set of PCR primers was designed to
universally amplify the nrITS region from all fungal species. These primers also can amplify nrITS
from many plant species. In St. John's wort, the outermost primer set produces a product that
is approximately 750 base pairs long. The middle set of PCR primers was designed to amplify a
smaller portion of nrITS (approximately 160 base pairs long) from St. John's wort and closely
related species. The innermost PCR primer set was designed to amplify an even smaller portion
of nrITS (approximately 80 base pairs) specific to St. John's wort. By using all three of these
PCR primer sets in combination, one can determine that a sample contains DNA of St. John's
wort (innermost set) or a closely related species (middle set) and determine whether a sample
is in fact St. John's wort. The nesting of the PCR primer sets allows an investigator to assume
that amplification failure of the St. John's wort–specific PCR reaction (innermost set) is not the
result of DNA degradation but rather shows the lack of DNA from St. John's wort in the sample.
Three finished commercial products were examined, and two were found to contain DNA from
St. John's wort. The third product contained DNA, but it is unlikely that the DNA belonged to
St. John's wort or a closely related species (19).

Licorice 
DNA sequence variation in three commercially available licorice species and their hybrids was
evaluated in a large number of morphologically complete voucher specimens (20). The results
showed that a total of five nucleotide positions in nrITS and psbA–trnH could be used to
distinguish Chinese licorice (Glycyrrhiza inflata), Russian licorice (G. glabra), and Ural licorice
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(G. uralensis) from one another and from related species. Chinese licorice and Russian licorice
could not be consistently differentiated from each other because some individuals of both
species have the same DNA sequence for all of the markers examined. Geographic lineages
within Ural licorice could be further distinguished using a total of three nucleotide positions in
psbA–trnH and rbcL.

ADVANTAGES OF DNA-BASED METHODS 
There are a number of advantages to using DNA sequences for species identification. Because
the same DNA sequence is present throughout an organism, DNA-based identity testing can be
performed on any part, from any life stage, including whole, chopped, ground, or mixed
materials and selected finished products. Additionally, the DNA sequence is not affected by
environmental conditions or harvest times, whereas alternative methods of identification can
be. DNA-based methods can identify many unexpected adulterants, contaminants, and
additives that are present at low levels or are chemically inert, including common fillers such as
soy flour and nonbotanical contaminants such as bacteria, fungi, and insects. Most importantly,
DNA sequences can distinguish, reliably and accurately, between closely related species and
can identify distinct lineages, varieties, and even hybrids. 
Despite the advantages of DNA technologies in botanical identification, the use of DNA analysis
has not been widely adopted in the natural products industry. This may be due in part to the
fact that, unlike traditional morphological and chemical methods, there are neither major
pharmacopeial standards nor widely recognized standards for the use of DNA testing. Genetic
methods are useful in method validation guidelines, and DNA sequence-based methods are
being validated for many common medicinal herb species (21). Although DNA is well suited for
taxonomic identification and for detection of admixed species as adulterants, it is unable to
identify the plant part or chemical components, both of which are critical to the quality and
efficacy of the final product. Therefore, DNA-based testing is a good complement to chemical
test methods. In processed materials, DNA-based testing may replace morphological and
microscopic methods that are difficult to perform on a large scale and for which the quality of
the results relies heavily upon the training of the person performing the test. Thus, DNA-based
tests may be most effectively applied as initial identity screens before other tests, such as
chemical tests, are performed. 
DNA-based authentication methods can be used throughout the food and dietary supplements
supply chain and may be essential for demonstrating traceability in the food production chain
(22,23). Therefore, DNA analysis of processed food has received much attention, but DNA
degradation due to processing may hamper analyses (24). DNA-based methods also may be
used to identify botanical extracts (25) and processed vegetable oils that undergo only limited
processing, such as olive oil (26–30). Molecular authentication methods have several
advantages compared with macroscopic, microscopic, and phytochemical analyses, and these
advantages make molecular authentication suitable for identification of botanicals used in foods
and dietary supplements. In addition, the fact that very small samples are adequate for
analysis is particularly advantageous for performing quality control of botanical materials and for
detecting contaminants (4).

LIMITATIONS OF DNA-BASED METHODS 
Although DNA analysis currently is considered cutting-edge technology that complements
chemical analysis, it has certain limitations. For example, DNA-based methods cannot identify
levels of chemical constituents and nonbiological adulterants (e.g., dyes and additives). The
applicability of a DNA-based method generally depends on the quality and quantity of the DNA,
which may be problematic with dried or processed materials. Also, important drug-processing
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conditions such as temperature and pH may lead to degradation (fragmentation or crosslinking)
of the DNA, rendering DNA analysis impossible. However, some methods still can be used on
processed materials, depending on the degree of DNA degradation. For these materials, it is

necessary to use short fragments (  200 base pairs) to increase the probability of success
(30,31). 
High concentrations of secondary plant compounds (polysaccharides, tannins, essential oils,
phenolics, alkaloids, and others) may influence DNA extraction or the PCR reaction. In living
plant tissues, secondary compounds generally become more concentrated as the plant gets
older. Polysaccharide contamination is particularly problematic because it can inhibit the
activity of many commonly used enzymes such as polymerases and restriction enzymes.
Polyphenol interacts irreversibly with DNA and renders it resistant to restriction enzymes and
polymerases. Choosing a suitable DNA extraction procedure helps to eliminate PCR inhibitors. In
some cases, plant materials are contaminated with endophytic or superficial fungi that may be
amplified and sequenced in preference to plant DNA, but this problem can be eliminated by the
use of plant-specific primers. To identify all of the constitutents of a sample, molecular cloning
of PCR products sometimes is necessary. In order to use a marker for identification of a
particular species, DNA analysis of all close relatives and common botanical contaminants and
adulterants is necessary, which can be an expensive and time-consuming process. Finally,
confirming the identity by DNA-based methods may not render enough information about the
suitability of the material for the intended health outcome because variations in the chemical
profiles also depend on other factors such as age of the plant, environmental growing
conditions, harvesting practices, and post-harvesting handling that are beyond the potential
genomic sequence.

CONCLUSIONS 
A variety of DNA-based methods is available for use in food and dietary supplements
authentication. These tools vary in their complexity and cost. They can be used on raw
materials such as fresh and dried plant parts, plant extracts, processed botanicals, and certain
finished products (herbal teas, tablets, and capsules). DNA-based methods also can
differentiate between close relatives, detect low levels of unexpected contamination, and
identify mixtures of species. Also, DNA-based methods (high-throughput identification) that are
routinely available in research laboratories can be adapted for use with dietary supplements and
for food quality control. However, before this can occur, strict process validation must be
undertaken. Examination of the reliability and reproducibility of DNA protocols for more general
use is highly recommended. 
Overall, DNA technologies are reliable, powerful tools for identification at various taxonomic
levels such as species, subspecies, variety, and strain, and they provide consistent results
irrespective of age, tissue origin, physiological conditions, environmental factors, harvest,
storage, or processing of samples. DNA technologies therefore are a good complement to the
secondary metabolite profiling or content analysis. With the increasing demand for high-quality
botanical products, the need for DNA authentication will accelerate. This in turn should help
ensure fair trade in botanical dietary supplements and drugs and thus raise consumer
confidence. 
DNA-based authentication of botanicals is a work in progress that offers a relatively low-cost,
powerful, new qualitative approach for species authentication, quality assessment, and
assurance of consistency among botanical materials and related products. The examples
discussed in the article show promise that the methods could be developed to provide
compendial tool that may be used to confirm the identity and to detect adulteration of specific
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botanical dietary supplement ingredients.
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ABSTRACT In this Stimuli article, the USP Validation and Verification Expert Panel discusses
how the modern concept of a lifecycle model, which is based on process validation and
described in ICH guidelines Q8, Q9, and Q10, can be applied to analytical procedures. The
Expert Panel proposes that the traditional approaches to validation, transfer, and verification
should be integrated into the analytical procedure lifecycle process rather than being viewed as
separate entities. As a starting point or “predefined objective” according to ICH Q8, the
requirements for a measurement of a critical quality attribute are established in the Analytical
Target Profile. In alignment with process validation, three stages are proposed: Procedure
Design (development and understanding), Procedure Performance Qualification, and Continued
Procedure Performance Verification.

INTRODUCTION 
Any analytical procedure must be shown to be fit for its intended purpose before use. [Note——
The term analytical procedure used in this Stimuli article is interchangeable with the term
method commonly used in industry and includes steps such as sample preparation, analytical
technique, calibration, and definition of the reportable result.]The usual process of
demonstrating this suitability in food and drug analytical laboratories takes place by way of a
documented validation study and, if required, a verification or transfer process to demonstrate
the procedure performs appropriately in the laboratory in which it will be used. The United
States Pharmacopeial Convention (USP) has been a strong advocate of this process. General

chapter Validation of Compendial Procedures 1225 , which was first published in USP XXI
(1989), served as the foundation for the development of the ICH Q2 Guidance on Validation of
Analytical Procedures (1). More recently, USP has further led on this topic with the publication

of general chapters Verification of Compendial Procedures 1226  and Transfer of Analytical

Procedures 1224  (Figure 1).
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Figure 1. Current typical process for analytical procedures.

The intent of ICH Q2 and 1225  was to provide guidance to the industry about how to
validate different types of analytical procedures. This guidance was intended to be used in
combination with sound scientific judgment to ensure that appropriate experiments applicable
to different analytical procedures and situations would be performed on a case-by-case basis.
Over time, however, these documents have come to be interpreted as mandatory expectations
rather than scientific guidance. Although these practices are successful in many cases, there
are opportunities to further refine and improve them. The ICH and USP documents provide
guidance pertaining to procedure suitability as part of the procedure validation exercise (e.g.,
accuracy, precision, linearity, specificity, etc.), but they do not provide a framework that
allows users to reliably understand and control sources of variability. Similar observations were
made in the manufacturing process development area, leading to development of the lifecycle
management process described in ICH Q8, Q9, and Q10 (and more recently Q11) (2–5). Taking
these ICH documents into consideration, the USP Validation and Verification Expert Panel has
reevaluated the current validation, verification, and transfer guidelines for analytical
procedures. 
The lifecycle concept described in ICH Q8 is adaptable to analytical procedures if we consider
an analytical procedure as a process and the output of this process as the reportable result,
that is, the value that will be compared to the acceptance criterion. The purpose of applying
lifecycle principles to analytical procedures is to holistically align analytical procedure variability
with the requirements of the product to be tested and to improve the reliability of the
procedure by understanding, reducing, and controlling sources of variability. Enhanced
understanding of variables that affect the performance of an analytical procedure provides
greater assurance that the quality attributes of the tested product can be reliably assessed.
The lifecycle management process provides a framework for defining the criteria for and
development of an analytical procedure that meets the acceptance criteria. The procedure
then becomes part of a continuous verification cycle to demonstrate that it meets the
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predefined criteria over the life of the procedure. Implementation throughout the procedure's
lifecycle of a change management process that is based on knowledge gained during the
procedure's lifetime ensures that the procedure remains fit for its intended use. Key to the
general approach is an understanding of overall variability, including variability arising from the
manufacturing process as well as the analytical procedure. A focus of USP has been
understanding the variability of its reference materials, which are part of the total variability
that should be understood, controlled and, where possible, reduced. 
In this Stimuli article, the USP Validation and Verification Expert Panel discusses how the
modern concept for process validation (6,7), which is based on a lifecycle model, can be
applied to analytical procedures (8–11). We propose that the traditional approaches to
validation, transfer, and verification should be integrated into the analytical procedure lifecycle
process rather than being viewed as separate entities. 

The Validation and Verification Expert Panel proposes that the concepts addressed in 1225 , 

1226 , and 1224  should be revised and compiled into a single new general information

chapter, Lifecycle Management of Analytical Procedures 1220  and a new general chapter 

220  specifying the basic requirements. 
The Validation and Verification Expert Panel seeks reader comments on the contents of this
Stimuli article.

THE LIFECYCLE APPROACH 
Results generated using analytical procedures provide the basis for key decisions regarding
compliance with regulatory, compendial, and manufacturing limits. The results are applied
against Decision Rules that give a prescription for the acceptance or rejection of a product
based on the measurement result, its uncertainty, and acceptance criteria, taking into account
the acceptable level of the probability of making a wrong decision (12,13). 
The adoption of a lifecycle approach to ensure the quality of pharmaceutical products has been
extensively discussed during the past several years (2–7). The concept of Quality by Design
(QbD) is understood as a “systematic approach that begins with predefined objectives and
emphasizes product and process understanding and process control, based on sound science
and quality risk management” (ICH Q8). Application of lifecycle management concepts to
analytical procedures provides an opportunity to use the knowledge gained from the application
of scientific approaches and quality risk management to continual improvement and assurance
of data quality. 
There should be an effective Quality Management System in place consistent with ICH Q10.
The concepts described in ICH Q10 complement current GMPs, thus providing an integrated
model for a pharmaceutical or similar quality system. This supports continual improvement
across the entire lifecycle of the analytical procedure. 
The Analytical Target Profile (ATP), risk management, control strategy, and knowledge
management are cornerstone concepts in lifecycle management, which will be discussed in the
following sections.

Analytical Target Profile 
A fundamental component of the lifecycle approach to analytical procedures is having a
predefined objective that stipulates the performance requirements for the analytical procedure.
These requirements are derived from the Analytical Target Profile (ATP). See Figure 2 for some
examples.
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Figure 2. Examples of Potential Analytical Target Profiles. [Note—Items in brackets and italics
(variables listed as capital letters and numerical values) are placeholders to be replaced by

specific items for an ATP.]

The concept of an ATP parallels the concept of a Quality Target Product Profile described and
defined in ICH Q8. The ATP defines the requirements for the “product” of the test procedure,
which in this case is the reportable result. Criteria defined in the ATP refer to the quality data
attributes of the reportable result, i.e., accuracy and measurement uncertainty, which include
all sources of variability, including precision. Identifying the output of the analytical procedure
as the reportable result provides a target for development and helps to ensure the procedure is
developed toward predetermined performance requirements that are directly linked to the
quality of the data. In other words, the ATP defines the objective of the test and quality
requirements, including the expected level of confidence, for the reportable result that allows
the correct conclusion to be drawn regarding the attributes of the material that is being
measured. It is essential to reach a high degree of confidence that an analytical procedure will
consistently generate reportable results that meet the ATP requirements under all conditions of
use and as the material progresses through the lifecycle. 
The ATP is based on the understanding of the target measurement uncertainty, which is the
maximum uncertainty that the data should have in order to maintain acceptable levels of
confidence in data quality. This introduces key performance attributes and changes the way
we currently define and evaluate analytical performance characteristics. The ATP serves as a
reference point for assessing the fitness of an analytical procedure not only in the development
phase but also during all changes within the analytical lifecycle and is not linked to a specific
analytical method. It is conceivable that more than one analytical procedure can meet the
requirement of an ATP. Any analytical procedure that has been demonstrated to be capable to
generate data that conform to the performance requirements established in the ATP would be

regarded as acceptable (USP general chapter Elemental Impurities—Procedures 233  and
USP Medicines Compendium general chapter Assessing Validation Parameters for Acceptable

Procedures 10 ). 
Existing procedures also can be evaluated in terms of their ability to meet an ATP. When using
a compendial procedure for the first time, an ATP can be derived from monograph
specifications, a performance-based monograph, and any existing knowledge of the product. 
In assessing new or existing procedures for their capability to meet an ATP, analysts can use
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statistical methods for analyzing prospectively designed studies (14). In the case of existing
procedures for which significant historical data are available, statistical procedures for
retrospective evaluation of historical data such as stability data, laboratory investigations,
check samples/controls, release data, and others are available (15,16). The level of variability
present in the historical data may trigger additional studies that aim to understand and reduce
or eliminate sources of variability and improve the data quality to meet ATP.

Risk Management 
A high degree of confidence is needed that the analytical method will generate reportable
results that meet the ATP requirements under all conditions of use as the method progresses
through the lifecycle. Application of Quality Risk Management (QRM) concepts and tools (ICH
Q9) can be valuable in providing a mechanism of achieving this. QRM for analytical procedures
can be defined as a systematic process for the assessment, control, communication, and
review of risks to the quality of data across the product lifecycle. Process mapping tools and
Ishakawa diagrams can be employed to ensure a rigorous approach is used in identifying all
potential variables that may affect data quality. The variables should include all aspects of the
full analytical procedure (Figure 3), i.e., sampling, sample preparation, standards, reagents,
facility, and equipment operating conditions. The identified variables then should be evaluated
using appropriate risk-assessment tools and prioritized experimentation to understand,
eliminate, or mitigate areas of risk. An approach known as CNX (Control, Noise, Experimental)
can help classify all identified variables. A decision can be made concerning which variables
should be controlled (C), which are potential noise factors (N), and which should be examined
experimentally (X) to determine acceptable ranges. As part of this exercise analysts should
provide and document justifications (prior knowledge, scientific rationale, or others) for the
assignments made. Risk-analysis tools can then be used to screen experimental (X) variables
for DOE studies to minimize the total number of experiments conducted while maximizing
knowledge gained. The results of DOE studies then provide justification of the critical variables
and their acceptable ranges (from the risk assessment and experimental work), are inputs in
the Analytical Control Strategy, and are explicitly specified in the analytical procedure (Figure
4).
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Figure 3. Analytical procedural variables to consider for risk assessment and control strategy.

Figure 4. Quality risk management, control strategy, and knowledge management: how they
work together.

Analytical Control Strategy 
A well-developed control strategy, i.e., a planned set of controls, is derived from current
product and process understanding. The variables and their acceptable ranges (from the risk
assessment or experimental work) should be explicitly specified in the procedure. The controls
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can include variables and aspects related to the sample, sample preparation, standards,
reagents, facility, equipment operating conditions, historical experience (prior knowledge), the
format of the reportable value (e.g., number of replicates), and frequency of monitoring and
control. The Analytical Control Strategy plays a key role in ensuring that the ATP is realized
throughout the lifecycle and also should be considered throughout the lifecycle as part of
development, continual improvement, and change management. Different control strategies
may be required at different sites. A scientific risk-based approach can be applied to the
assessment of a control strategy's suitability across different sites, and quality risk
management tools should be used to guide these activities. As an integral part of the
laboratory qualification to execute a compendia procedure, the process of quality risk
management should be carried out, and the control strategy of the compendia procedure
should be verified or expanded in order to ensure that the requirements of the ATP are met.

Knowledge Management 
Knowledge management can be defined as a systematic approach to acquiring, analyzing,
storing, and disseminating information related to products, manufacturing processes, and
components. Knowledge management is an important factor in ensuring the ongoing
effectiveness of the control strategy. Knowledge management should include but is not limited
to development activities, technology transfer activities to internal sites and contract
laboratories, validation studies over the lifecycle of the analytical procedure, and change
management activities. The knowledge gathered to develop the method understanding should
be collected in a repository and shared as needed to support implementation of the control
strategy across sites that use the analytical procedure. Changes and improvements to an
analytical procedure should be made with reference to the method knowledge repository, which
contains the information from the various stages of the method lifecycle. 
We believe that applying a lifecycle approach (Figure 5) to analytical procedures will better
ensure that quality objectives are met on a consistent basis.

Figure 5. Summary of proposed analytical procedure lifecycle approach.

Lifecycle Stages 
In order to provide a holistic approach to controlling an analytical procedure throughout its
lifecycle, we propose a three-stage concept that is aligned with current process validation
terminology:

Stage 1—Procedure Design (development and understanding)
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Stage 2—Procedure Performance Qualification
Stage 3—Continued Procedure Performance Verification.

These steps are illustrated in Figure 6 and are discussed in the following text.
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Figure 6. Three stages in the proposed lifecycle approach.
[Note——Refer to Continual Improvement (below) for a description of the different types of
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change.]

STAGE 1—PROCEDURE DESIGN

Procedure Development and Understanding (Identify and Study Potential Analytical
Variables) 
Once the ATP is established and the requirements for data quality (accuracy and uncertainty)
of the reportable result are defined, it is the responsibility of the analyst to select an
appropriate technology and analytical procedure likely to meet the requirements of the ATP.
Consequently, the ATP will be translated into the key performance characteristics of the
intended analytical procedure. 
The next step is to gain an understanding of how potential sources of variability in the
proposed analytical procedure affect the performance characteristics of the procedure. Tools
such as process maps and Ishikawa diagrams (fishbones) can be used to provide structure to a
brainstorming and information-gathering exercise. Risk-assessment tools (see ICH Q9 for
examples) then can be used to identify potential procedural variables that may need to be
controlled to ensure procedure performance and to prioritize experimentation to eliminate or
mitigate areas of risk. CNX can help classify all the variables. As part of this exercise it is
important to provide justifications (for example, prior knowledge or scientific rationale) for the
assignments made. 
Based on historical knowledge and an assessment of risk, analysts can make and document
decisions about which variables will be classified as C and fixed and which variables will be
classified as X and investigated experimentally. During the procedure-development phase,
analysts identify certain variables that are fundamental to the procedure design, e.g., detector
or column type. These are classed as control variables and are not further explored during the
procedure-understanding phase of Stage 1.

Experimental Robustness Studies 
Experimental robustness studies address the variations that may occur as the procedure is
performed on different occasions. These studies consider both continuous and categorical X
(eXperimental) variables. Continuous variables (e.g., temperature, pH, or flow rate) typically
are studied via design of experiments (DoE). For these continuous variables, the output of the
DoE study could be a procedure design space within which the procedure performance is
ensured. For categorical variables (like column packing batch, type of instrument, etc.) the DoE
study attempts to highlight variables that could have a significant effect on procedure
performance regarding accuracy and precision, although these variables may have an even
greater effect later in the life cycle. During this study, variables may be identified and may be
considered too difficult or expensive to control. These are defined as Noise (N) variables in the
CNX scheme. Although N variables are not directly studied at this stage, they are assessed
indirectly as part of the Stage 2 activities when a laboratory has to confirm that the analytical
control strategy is adequate to allow the procedure to produce reportable results that meet
the requirements of the ATP in a particular environment. Example N variables include
environmental and routine operating conditions. 
As a result of the robustness study, a set of operational procedure controls with respect to the
C and X variables are defined as part of the Analytical Control Strategy. 
When uncontrolled categorical variables may result in unacceptable procedure performance,
analysts should consider including a check or system suitability test (e.g., chromatographic
resolution, symmetry factors, etc.). When such a check is included, it is good practice in the
analytical procedure to explain the purpose of the check and the specific categorical variables
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it is designed to monitor.

Knowledge Gathering and Preparation 
This step focuses on ensuring that any location where the procedure is intended to be
operated is adequately prepared to use the procedure. It is the transition step between Stage
1 and Stage 2 where effective communication channels need to exist between the laboratories.
The knowledge gathered to develop the procedural understanding should be shared as needed
in support of the implementation of the control strategy across sites that intend to use the
analytical procedure. 
The extent of the knowledge required should take into account the level of preexisting
knowledge of the analysts at the new location with respect to the product, analytical method,
or procedure. The analytical procedure conditions and detailed operating controls, along with all
of the knowledge and understanding generated during the design phase and any performance
history should be conveyed to or summarized for staff at the location where the analytical
procedure will be used.

STAGE 2—PROCEDURE PERFORMANCE QUALIFICATION 
The objective of this stage is to demonstrate that the procedure is fit for purpose. This stage
confirms the analytical procedure is capable of delivering reproducible data that consistently
meet the performance criteria defined in the ATP while operated subject to the noise variables
that may be experienced. Therefore, procedure performance qualification must be performed
before routine application of the analytical procedure by the user laboratory. 
Procedure performance qualification is carried out either to qualify a new procedure or to revise
the conditions or operating environment of an established procedure. 
Showing an analytical procedure is fit for purpose involves demonstrating that the defined
analytical procedure will, under routine operating conditions, produce data that meet the target
measurement uncertainty defined in the ATP. The procedure performance qualification
experiments, e.g., precision studies, should be designed to challenge analytical performance
characteristics that relate to the ATP requirements and should be based on sound science and
risk as well as prior knowledge and understanding. 
The analytical procedure used in the procedure performance qualification study should be based
on available knowledge and understanding. The analytical control strategy will be refined and
updated as a consequence of any learning from the study. For example, further controls may
be added to eliminate sources of variability that are identified in the routine operating
environment in an analytical laboratory, or replication levels (multiple preparations, multiple
injections, etc.) may be increased to reduce the overall uncertainty in the reportable result
(format of the reportable result). 
When analysts believe there may be a residual risk of variation in the performance of the
procedure, they may add appropriate checks to detect any unacceptable levels of variation in
the performance of the procedure. These system suitability checks should focus on analytical
performance characteristics that may be affected by noise and should be controlled to ensure
the requirements of the ATP are consistently met. For example, if there is a residual risk of
variation in separation performance due to the risk of batch-to-batch variation in column
packing material and the degree of separation is known to have an effect on the uncertainty of
the data, a check may be included to ensure that peak resolution is sufficient to meet the ATP
requirements. Examples of system suitability tests for chromatographic systems are described in

general chapter Chromatography 621 . 
When end users do not have access to knowledge and understanding acquired during procedure
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development, e.g., for compendial procedures, users should recognize this additional risk and
ensure the procedure performance qualification study and local or compendial analytical control
strategy adequately mitigate associated risks. End users also must ensure that an appropriate
control strategy for the procedure is applied.

STAGE 3—CONTINUED PROCEDURE PERFORMANCE VERIFICATION 
The purpose of this stage is to provide ongoing assurance that the analytical procedure
remains in a state of control throughout its lifecycle. 
This stage includes both routine monitoring of the analytical procedure's performance and
evaluation to determine if the analytical procedure, as a result of any change, is still fit for
purpose. 
A system or systems for detecting unplanned departures from the analytical control strategy is
essential to accomplish this goal. Adherence to cGMP requirements, specifically, the collection
and evaluation of information and data about the performance of the procedure, allows
detection of undesired variability. Evaluating the performance of the procedure identifies
problems and determines whether action must be taken to correct, anticipate, and prevent
problems so that the procedure remains in a state of control.

Routine Monitoring 
Trend analysis using methodologies such as control charting can be conducted on the main
performance indicators to confirm that the analytical procedure remains in a state of control. 
This stage should include an ongoing program to collect and analyze data that relate to
analytical procedure performance, for example, from replication of samples or standards during
the analysis or by trending system suitability data. This activity aligns with the guidance in

Analytical Data—Interpretation and Treatment 1010  on system performance verification.
Close attention should also be given to any out of specification or out of trend results
generated by the analytical procedure once it is being operated in its routine environment. 
If, during routine monitoring of the procedure, data indicate the procedure is out of control or
there is an opportunity or need for improvement, then further action is taken. There are three
action triggers (see Figure 6 for examples):

special-cause variation (e.g., new, unexpected phenomenom)
unacceptable common cause variation (e.g., expected variability inherent in the
procedure)
continual improvement.

Observed Variations 
During the investigation, particular attention should be given to special cause variation (shifts,
drift, and deviation) and common cause variation (unacceptable noise) (Figure 7). Variation
may result when a particular procedure variable is not adequately controlled. This variation may
arise for a number of reasons:

A variable was not identified or adequately studied during the procedure understanding
study (Stage 1), and therefore no proper control was defined.
A variable was not identified or adequately studied during Stage 2 (precision study),
and therefore no proper control was defined.
Series member of a set of categorical variables (not included in the DoE, Stage 1) has
been found to have an effect on performance (e.g., a new batch of column packing
results in unacceptable performance).
A control strategy was defined but not followed.
A noise variable has been found to have an impact on routine performance.

PF 39(5): Sep.-Oct. 2013 831



Investigations into inadequate performance should be thorough and well documented and
should aim to reach a conclusion about the variable that is truly the root cause. Corrective and
preventive action should be taken to ensure the analytical control strategy is updated in the
analytical procedure.

Figure 7. Common variation and special variation.

Continual Improvement 
Throughout the procedure's lifecycle, changes may be required to improve the operational
performance or the control strategy (continual improvement). Changes may include but are not
limited to: inclusion of an additional control, introducing a new method or technology, changing
the intended purpose to incorporate a new impurity or tighten specifications, or alignment with
a procedure in a compendial monograph that has been updated. The nature of the change
dictates the action that should be taken, and a risk assessment should be performed to identify
what action is required, and the change should be documented. When the risk assessment
identifies a change that requires qualification, the activities described in Stage 2 are performed.
This stage also applies to modifications of compendial procedures.

examples of changes and appropriate actions

Change Type 1: Changes that are within already proven ranges (within the procedure's design
space) are considered adjustments and do not require a procedure performance qualification
study to be performed before returning to routine monitoring.
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Change Type 2: These are changes that are outside the already proven ranges but require
only confirmation that the procedure continues to generate data that meet ATP requirements.
Full procedure redevelopment is not required.

Change Type 3: These are changes that involve the need to operate the analytical procedure
in a different environment. These types of changes traditionally have been treated as a
procedure-transfer exercise (or procedure verification when a pharmacopeial procedure is used
for the first time in a new environment).

Change Type 4: This is a change that may require a new analytical procedure, but the ATP
remains the same. The procedure will return to the procedure development stage.

Change Type 5: This change involves tightening a specification limit or a change to the
intended purpose of the procedure to measure additional attributes. These changes result in a
new ATP being defined.

CONCLUSION 
The Expert Panel recommends adoption of a lifecycle approach for the management of
analytical procedures. This approach builds on and enhances the current information contained
in several USP general chapters and ICH guidance documents. Adoption of this approach would
introduce new concepts to the USP: the Analytical Target Profile and associated predefined
acceptance criteria, evaluation of the uncertainty associated with the analytical procedure,
incorporation of risk analysis strategies, and consideration of the potential effect of changes to
an analytical procedure in the context of the analytical procedure's lifecycle. Table 1 shows the
key advantages of adopting a lifecycle approach.

Table 1. Advantages of Adopting a Lifecycle Approach for Managing Analytical
Procedures

Current Approach Lifecycle Approach

Focus is showing that various
procedure performance
characteristics meet criteria—but
may not consider how these relate
to the overall uncertainty in the data
and whether they are acceptable or
not

The driver is understanding the target measurement
uncertainty, which is the maximum level of measurement
uncertainty that represents fitness for purpose (i.e.,
ensures decisions from data are made with a predefined
confidence) and to demonstrate the procedure will meet
this uncertainty requirement

Tendency to perform validation in a
check box manner against the
general analytical performance

characteristics described in 1225
and ICH Q2

Specific ATP for each measurement requirement defining
the characteristics and criteria that the procedure
should meet

Limited understanding of effects of
variation on performance

Structured and methodological approach to identify and
explore variables

Validation, verification, and transfer
are seen as separate exercises

All are integrated as part of the analytical procedure
lifecycle, and success is demonstrated by generating
reportable results that are consistent with the ATP

Confusion about the differences
among procedure validation,
procedure transfer, and procedure
verification

Improved clarity and holistic view with the ATP as the
focal point
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Separate guidances in USP covering
validation, verification, transfer of
analytical procedures, and system
performance verification

A single guidance for a lifecycle approach for analytical
procedures

As a result of these recommendations, the Validation and Verification Expert Panel proposes

that the concepts addressed in 1225 , 1226 , and 1224  be revised to integrate the
processes for demonstrating that an analytical procedure is fit for purpose throughout its

lifecycle and that these three chapters be compiled into a single general information chapter 

1220  and a new general chapter 220  that specifies the basic requirements.
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ABSTRACT General chapter Ophthalmic Ointments 771  is being revised and renamed

Ophthalmic Preparations—Quality Tests 771 and will include descriptions of and quality tests
for all dosage forms that can be applied in the eye. A companion chapter, Ophthalmic

Preparations—Quality Tests 771 , will address performance tests such as dissolution and
drug release. This Stimuli article presents the rationale for these changes, along with
descriptions and characteristics related to novel ophthalmic dosage forms.

1. INTRODUCTION USP general chapter Ophthalmic Ointments 771  (1) addresses some
parameters and characteristics such as added substances, containers, metal particles and
leakage for only ophthalmic ointments. In an effort to modernize this general chapter and align
it to the other USP general chapters related to pharmaceutical dosage forms, the general

chapter 771  is being revised to include the description and quality tests for all dosage forms
that can be applied in the eye. This chapter is being renamed to Ophthalmic Preparations—

Quality Tests 771  . The chapter will cover only the ophthalmic dosage forms available in the
USA at the time of its publication and it is going to be revised when new ophthalmic dosage

forms are approved by FDA. As a consequence of the revision to the current version of 771 ,

the general chapter Metal Particles in Ophthalmic Ointments 751  is being proposed for

omission since its content was transferred to the new version of 771  and updated. All

monographs that cross-reference 751  are being updated to cross-reference 771 . The
performance tests (dissolution and drug release) for ophthalmic preparations will be discussed in

the new general chapter Ophthalmic Preparations—Performance Tests 1771 . This Stimuli
article presents the rationale and additional information to support the revisions. Additionally,
the article contains description and characteristics related to novel ophthalmic pharmaceutical
dosage forms.

2. EYE

2.1 Anatomy of the Eye 
The human eye can be generally divided into the anterior and the posterior segments. The
anterior segment includes the cornea, conjunctiva, iris, ciliary body, aqueous humor and lens
while the posterior segment comprises sclera, choroid, retina and vitreous humor (Figure 1).
The cornea, the outermost transparent multilayered membrane of the eye, is devoid of blood
supply and acquires its nourishment from the aqueous humor and limbal blood capillaries. The
human cornea is comprised of five layers i.e. corneal epithelium, Bowman's membrane, stroma,
Descemet's membrane, and endothelium. The aqueous humor is a fluid present in the anterior
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segment of the eye. It is the major source of nutrition to the crystalline lens and cornea. The
iris is the colored portion of the eye comprising pigmented epithelial cells and circular muscles
(constrictor iridial sphincter muscles). The opening in the middle of the iris is called the pupil.
The iris sphincter and dilator muscles help in adjusting the pupil size which regulates the
amount of light entering the eye. The ciliary body, a ring-shaped muscle attached to the iris,
comprises ciliary muscles. Contraction and relaxation of the ciliary muscle controls the shape of
the lens. The lens is a crystalline and flexible unit consisting of layers of tissue enclosed in a
capsule. It is suspended from the ciliary muscles by very thin fibers called the zonules. The
conjunctiva is a clear mucous membrane that lines the inside of the eyelids and spreads from
the anterior surface of the sclera up to the limbus. It facilitates lubrication in the eye by
generating mucus and helps adherence of the tear film. The sclera is a white sheath
surrounding the eyeball and is called “white of the eye”. It acts as a principal shield to protect
the internal organs. The sclera is juxtaposed by a highly vascularized tissue known as the
choroid, which is sandwiched between the retina and the sclera. The choroid provides
nourishment to the photoreceptor cells in the retina. The retina is a multi-layered sensory, light
sensitive tissue that lines the back of the eye. It contains millions of photoreceptors or
photosensitive elements that capture light rays and convert them into electrical impulses.
These impulses travel along the optic nerve to the brain, where they are converted into an
image. The vitreous humor is a jelly-like substance or a hydrogel matrix, distributed between
retina and lens (2,3).

Figure 1. Anatomy of the human eye.

2.2 Routes of Administration into the Eye 
Compared with drug delivery to other parts of the body, ocular drug delivery must overcome
important challenges posed by various ocular barriers. Many of these barriers are inherent and
unique to ocular anatomy and physiology making it a challenge to deliver the appropriate dose
at the appropriate place (3,4). 
Ophthalmic drug delivery is used only for the treatment of local conditions of the eye and
cannot be used as a portal of drug entry to the systemic circulation. Significant advances have
been made to optimize the localized delivery of medication to the eye, so that the route is now
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associated with highly sophisticated drug delivery techniques. Some of these technologies are
unique to the eye and many are also found in other delivery routes (5). 
The bioavailability of traditional ocular drug delivery systems such as eye drops is very poor
because the eye is protected by a series of complex defense mechanisms that make it difficult
to achieve an effective drug concentration within the target area of the eye. The anatomy and
physiology of the eye is one of the most complex and unique systems in the human body.
Lachrymation, effective drainage by the nasolacrimal system, the inner and outer blood-retinal
barrier, the impermeability of the cornea, and inability of other non-corneal structures to absorb
compounds make the eye exceedingly impervious to foreign substances. While these innate
barriers are advantageous for hindering the invasion of undesired molecules, pathogens, and
particulates, they pose significant challenges to the delivery of ocular drugs (6). 
Some of routes of administration to the eye are shown in Figure 2.

Figure 2. Some of the routes of administration in the eye.

2.2.1 Topical administration 
Topical administration is employed mostly in the form of eye drops, ointments, gels, or
emulsions, to treat anterior segment diseases. Topical application has remained the most
preferred method due to the ease of administration and low cost. For most of the topically
applied drugs, the site of action is usually different layers of the cornea, conjunctiva, sclera,
and the other tissues of the anterior segment such as the iris and ciliary body (anterior uvea).
Upon administration, precorneal factors and anatomical barriers negatively affect the
bioavailability of topical formulations. Precorneal factors include solution drainage, blinking, tear
film, tear turn over, and induced lacrimation. Human tear volume is estimated to be 7 µL, and
the cul-de-sac can transiently contain around 30 µL of fluid. However, tear film displays a rapid
restoration time of 2–3 min, and most of the topically applied solutions are washed away within
15–30 s after instillation. Considering all the precorneal factors, contact time with the
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absorptive membranes is low, which is considered to be the primary reason for less than 5% of
the applied dose reaching the intraocular tissues. 
The cornea, the most anterior layer of the eye, is a mechanical barrier that limits the entry of
exogenous substances into the eye and protects the ocular tissues. It is considered as a major
barrier for ocular drug delivery. The cornea can be divided mainly into the epithelium, stroma,
and endothelium. Each layer offers a different polarity and a potential rate-limiting structure for
drug permeation. The highly hydrated structure of the stroma poses a significant barrier to
permeation of lipophilic drugs. 
Routes of absorption that lead to the removal of drugs from the precorneal area and do not
result in direct ocular uptake, are referred to as nonproductive (7). Compared to that in the
cornea, conjunctival drug absorption is considered to be nonproductive due to the presence of
conjunctival blood capillaries and lymphatics that can cause significant drug loss into the
systemic circulation thereby lowering ocular bioavailability (3,4,6–10). 
Viscosity is another factor that can regulate nonproductive absorption, as well as ocular
absorption. Increasing viscosity may decrease drainage rate, prolong precorneal residence time,
and increase ocular absorption (7).

2.2.2 Systemic (Parenteral) Administration 
Following systemic administration, the blood-aqueous barrier and blood-retinal barrier are the
major barriers for the anterior segment and posterior segment ocular drug delivery,
respectively. Even though it is ideal to deliver the drug to the retina via systemic
administration, it is still a challenge because of the blood-retina barrier, which strictly regulates
drug permeation from blood to the retina. Hence, specific oral or intravenous targeting systems
are needed to transport molecules through the choroid into deeper layers of the retina.

2.2.3 Oral Administration 
Oral delivery alone or in combination with topical delivery has been investigated for different
reasons. Topical delivery alone failed to produce therapeutic concentrations in the posterior
segment. Also, oral delivery was studied as a possible noninvasive and patient-preferred route
to treat chronic retinal diseases as compared to the parenteral route. However, restricted
accessibility to many of the targeted ocular tissues limits the utility of oral administration which
necessitates high dosage to achieve significant therapeutic efficacy. Such doses can result in
systemic side effects. Hence, parameters such as safety and toxicity need to be considered
when trying to obtain a therapeutic response in the eye upon oral administration.

2.2.4 Periocular and Intravitreal Administration 
Although not very appealing to patients, these routes are employed partly to overcome the
inefficiency of topical and systemic delivery to the posterior segment. The periocular route
includes subconjunctival, subtenons, retrobulbar, and peribulbar administration and is
comparatively less invasive than the intravitreal route. Subconjunctival injection bypasses the
conjunctival epithelial barrier, which is a rate-limiting barrier for the permeation of water-soluble
drugs. Drug solutions are placed in close proximity to the sclera, which results in high retinal
and vitreal concentrations. 
Unlike periocular injections, the intravitreal injection offers distinct advantages as the molecules
are directly inserted into the vitreous. This method involves injection of the solution containing
the drug directly into the vitreous via pars plana using a 30-gauge needle. Unlike other routes,
intravitreal injection delivers higher drug concentrations to the vitreous and retina. However,
drug distribution in the vitreous is nonuniform. Small molecules can rapidly distribute through
the vitreous, whereas the diffusion of larger molecules is restricted. This distribution also
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depends on the pathophysiological condition and molecular weight of the administered drug.
Similarly, mobility of nanoparticles in the vitreous depends on their structure and surface
charge (3,4,6).

3. DOSAGE FORMS APPLIED TO THE EYE 
Common to all ophthalmic dosage forms is the critical requirement for sterility of the finished
product as well as consideration of the sensitivity of ocular tissue to irritation (7).

3.1 Solutions 
Ophthalmic solutions are sterile solutions intended for instillation in the eye. Included in this
dosage form category are solid preparations that, when reconstituted according to the label
instructions, result in a solution. In addition to sterility, these dosage forms require the careful
consideration of such other pharmaceutical factors as the need for antimicrobial agents,
osmolarity, buffering, viscosity, and proper packaging. 
The corneal contact time of topical ophthalmic solutions increases with the viscosity of the
formulations up to 20 centipoise (cP). Further increases result in reflex tearing and blinking in
order to regain the original viscosity of the lacrimal fluid (1.05–5.97 cP). The bioavailability
increase associated with this longer precorneal permanence allows the frequency of drug
application to be reduced. Synthetic polymers, such as polyvinylalcohol (PVA),
polyvinylpyrrolidone (PVP), polyethylene glycol (PEG), polyacrylic acid (PAA), and many
cellulose derivatives, are commonly employed as viscosity enhancers because of their
physiologic compatibility and satisfactory physicochemical properties. A more sophisticated
approach consists of using polymers that provide the liquid formulation with semisolid
consistency only when it is placed in the conjunctival or corneal area. In this way, easy
instillation of the solution is followed by prolonged permanence as a result of the viscoelastic
properties of the formed hydrogel. This in situ gelling phenomenon is caused by a change in the
conformation of the polymer(s) that can be triggered by external stimuli such as temperature,
pH, ionic content and lacrimal fluid upon delivery into the eye. Additionally, some polymers can
interact, via noncovalent bonds, with conjunctival mucin and maintain the formulations in
contact with corneal tissues until mucin turnover leads to their removal. Two of the major
drawbacks of viscous and mucoadhesive formulations are blurring and an unpleasant sticky
feeling in the eye. As consequence, patients may find compliance with treatment schedules
difficult (7,9–11).

3.2 Suspensions 
Ophthalmic suspensions may be used to increase the corneal contact time of a drug substance
and thus provide a more sustained action. Included in this dosage form category are those solid
preparations that, when reconstituted according to the label instructions, result in a
suspension. An ophthalmic suspension may be required when the active ingredient is insoluble in
the desired vehicle or is unstable in solution (12). 
Suspensions are required to be made with the insoluble drug in a micronized form to prevent
irritation or scratching of the cornea (7). Suspensions are commonly formulated by dispersing
micronized drug powder (less than 10 µm in diameter) in a suitable aqueous vehicle. Ophthalmic
suspensions, particularly for the steroids, are thought to be acceptable as delivery systems
since it is assumed that drug particles persist in the conjunctival sac giving rise to a sustained-
release effect. However, suspensions have a disadvantage that the concentration of dissolved
drug cannot be manipulated due to their relative insolubility in the vehicle. 
Particle size in suspensions for ocular drug delivery is important. An increase in drug particle
size enhances the ocular bioavailability. Unfortunately, a particle size above 10 µm in diameter
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may result in a foreign body sensation in the eye following ocular application, causing reflex
tearing. A reduction in particle size generally improves the patient comfort and acceptability of
suspension formulations (5,9,11). The potential for any changes in particle size due to Ostwald
ripening or particle agglomeration needs to be evaluated through stability testing. 
Surfactants may be included in an ophthalmic suspension to disperse the drug effectively during
manufacture and during product use. Nonionic surfactants are generally preferred because they
tend to be less toxic. The level of surfactant included in the formulation should be carefully
evaluated, as excessive amounts can lead to irritation in the eye, foaming during manufacture
and upon shaking the product, or interactions with other excipients. 
Consideration must be given to establishing good physical stability of a suspension. If the
particles settle and eventually produce a cake at the bottom of the container, they must
redisperse readily to achieve dosage uniformity. Viscosity-enhancing agents can be used to
keep the particles suspended. Preparation of flocculated suspensions is not recommended
because the larger flocs may irritate the eye (10,11). 
Ophthalmic suspensions must possess the same characteristic of sterility as ophthalmic
solutions, with proper consideration given also to preservation, osmolarity, buffering, viscosity
and packaging. Additionally, ophthalmic suspensions must contain particles of such chemical
characteristics and small dimensions that they are nonirritating to the eyes. The ophthalmic
suspension must be appropriately formulated so that the suspended particles do not
agglomerate into larger ones upon storage. 
Suspensions may pose challenges during manufacturing to achieve a sterile product. The
possibilities of either degradation or morphological changes occurring during the sterilization
process exist and must be prevented (8,12). 
Sterile powders for reconstitution (resulting in a solution or suspension, after reconstitution)
are useful for drugs that have limited stability in liquid form. The sterile powder can be
manufactured by lyophilization in the individual container. In powdered form the drug may have
a much longer shelf life than in solution or suspension. Usually, a separately packaged sterile
diluent is provided with the sterile powder (7).

3.3 Ointments 
Ophthalmic ointments must be sterile. Like suspensions, ointments can be more difficult to
manufacture in sterile form. They can be terminally sterilized, or, alternatively, they must be
manufactured from sterile ingredients in an aseptic environment. Filtration through a suitable
membrane or dry heat sterilization is often used. 
The ointment base selected for an ophthalmic ointment must be nonirritating to the eye and
must permit the diffusion of the active ingredient throughout the secretions bathing the eye.
Ointment bases utilized for ophthalmics have a melting or softening point close to body
temperature. 
Ophthalmic ointments have a longer ocular contact time when compared to many ophthalmic
solutions. Studies have shown that the ocular contact time is two to four times greater when
ointments are used than when a saline solution is used. One disadvantage to ophthalmic
ointments is the blurred vision that occurs as the ointment base melts and is spread across the
lens (7,10–12).

3.4 Gels 
Ophthalmic gels are composed of mucoadhesive polymers that provide localized delivery of an
active ingredient to the eye. Such polymers have a property known as bioadhesion meaning
attachment of a drug carrier to a specific biological tissue. These polymers are able to extend
the contact time of the drug with the biological tissues and thereby improve ocular
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bioavailability. The choice of the polymer plays a critical role in the release kinetics of the
drug(s) from the dosage form. Several bioadhesive polymers are available with varying degree
of mucoadhesive performance. Some examples are carboxymethylcellulose, carbopol,
polycarbophil, and sodium alginate (11).

3.5 Emulsions 
Topical ophthalmic emulsions generally are prepared by dissolving or dispersing the active
ingredient(s) into an oil phase, adding suitable emulsifying and suspending agents and mixing
with water vigorously to form a uniform oil-in-water emulsion. Each phase is typically sterilized
prior to or during charging into the mixing vessel. High-shear homogenation may be employed to
reduce oil droplet size to sub-micron size which may improve the physical stability of the oil
micelles so they do not coalesce. The resulting dosage form should contain small oil droplets,
uniformly suspended. 
Limited aqueous solubility of the drug substance(s) is the most common rationale for developing
an ophthalmic emulsion. The drug substance(s) can be added to the phase in which it is soluble
at the beginning of the manufacturing process, or it can be added after the emulsion is
prepared by a suitable dispersion process. 
To prevent flocculation, creaming and coalescence of the emulsions, manufacturers commonly
add surfactants to increase the kinetic stability of the emulsion so that the emulsion does not
change significantly with time. 
Emulsions may exhibit three types of instability: flocculation, creaming, and coalescence.
Flocculation describes the process by which the dispersed phase comes out of suspension in
the form of flakes. Coalescence is another form of instability in which small droplets within the
media continuously combine to form progressively larger droplets. Emulsions can also undergo
creaming, where one of the phases migrate to the top (or the bottom, depending on the
relative densities of the two phases) of the emulsion.

3.6 Strips 
Ophthalmic strips are made of filter paper and are individually packed to ensure sterility until
the time of use. They can be used in the measurement of tear production in dry eye conditions.
In this case, they are gauged for easy reading of the measurement. They can be impregnated
with certain drugs such as fluorescein sodium (used as a diagnostic strips to visualize defects
or aberrations in the corneal epithelium by staining the areas of cellular loss; to evaluate hard
contact lens fitting and to evaluate applanation tonometry); lissamine green (used to stain
damaged or devitalized cells and to indicate dry patches as well as any mucus-deficient or
damaged corneal epithelial cells); and rose bengal (used to stain degenerating epithelium in the
outer layer of cornea as well as mucous filaments).

3.7 Injections 
While injections are considered a dosage form for nomenclature purposes, they are not treated
as a dosage form in this paper. Instead, refer to the appropriate physical form, such as
solution, suspension, etc., for general information.

3.8 Inserts 
Ophthalmic inserts and ocular systems are solid dosage forms of appropriate size and shape
that are placed in the conjunctival fornix, in the lachrymal punctum (Figure 3) or on the
cornea. They can be classified as erodible (soluble) and nonerodible (insoluble). These devices
allow accurate dose delivery, can avoid the use of preservatives, and can notably increase
ocular bioavailability. Drug release from soluble inserts involves two steps: 1–fast release of a
portion of the drug as the tear fluid penetrates into the system; and 2–slow release as a gel
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layer is formed on the surface of the insert. As the initial dissolution step is usually fast, the
solubilized components can often cause blurred vision. Collagen shields made from porcine
sclera collagen or bovine corium tissue, and devices obtained by molding, extrusion or
compression (minitablets) of gelling polymers, belong to this category. Bioerodible polymers
(e.g. cross-linked gelatin derivatives, poly vinyl alcohol, hypromellose, and polyesters) can be
used to prepare erodible inserts. These matrices act as simple reservoirs or interact with the
drug molecules through labile bonds; the ease with which these bonds can be broken regulates
release of the drug. They can dissolve within 12–24 h. As the erosion rate is largely dependent
on the conditions of the physiologic environment, drug release profiles usually show a high
inter- and intraindividual variability. Finally, insoluble inserts can have a reservoir or matrix
structure. They release the drug for longer periods of time. Despite the remarkable therapeutic
advantages of these inserts, difficulties with handling, the sensation of a foreign body in the
eye, and the high risk of accidental expulsion greatly limit their practical use. (7,9,10,13).

Figure 3. Lachrimal puntum.

3.8.1 Contact Lenses 
Contact lenses can be a way of providing extended release of drugs into the eye. Current
challenges in this mode of drug delivery are to sustain drug release for longer periods and also
to incorporate sufficient drug amounts in the lens matrix (4,14). Conventional hydrogel soft
contact lenses have the ability to absorb some drugs and release them into the postlens
lacrimal fluid, minimizing clearance and sorption through the conjunctiva. Their ability to be a
drug reservoir strongly depends on the water content and thickness of the lens, the molecular
weight of the drug, the concentration of the drug loading solution and the time the lens
remains in it. However, the ability of contact lens to load drugs and to control their release is in
general inadequate and the following approaches, based on modifications of the polymer
network, are under evaluation: (1) covalent binding of the drug to the lens network via labile
bonds; (2) inclusion of the drug in colloidal structures that are dispersed in the lens and are
responsible for controlling drug release; (3) functionalization of the network with chemical
groups that work as ion-exchange resins; and (4) creation in the lens structure of imprinted
pockets that memorize the spatial features and bonding preferences of the drug and provide
the lens with a high affinity and selectivity for a given drug (4,9,14).

3.9 Implants 
Implants have been widely employed to extend the release of drugs in ocular fluids and tissues
particularly in the posterior segment. Implants can be broadly classified into two categories
based on their degradation properties: (1) biodegradable and (2) nonbiodegradable. With
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implants, the delivery rate could be modulated by varying polymer composition. Implants can be
solids, semisolids or particulate-based delivery systems (4). 
Biodegradable polymers can be used to form solid or injectable implants, or they can be used to
encapsulate particular systems as nano- and microparticles. Particulate systems can be
injected through thin needles and have different behavior and distribution in the ocular media
depending on their size and composition. Polymers can be devised as viscous or semisolid
materials that can be localized within the eye and used as a slow-release intraocular implant
after a simple injection. 
Biodegradable polymers include poly lactic acid (PLA), poly glycolic acid (PGA), poly(lactic-co-
glycolic acid) (PLGA). Once implanted, bulk erosion occurs causing a burst of encapsulated
drug. This phenomenon takes place following the cleavage of polymeric chains by enzymatic
and nonenzymatic hydrolysis. These devices can be manufactured in various shapes including
rods, plugs, pellets, discs, and sheets. Accordingly, they can be implanted into the anterior
chamber, the vitreous cavity through the pars plana, or into the intrascleral space. Degradation
of polycaprolactones (PCL) by cleavage of the esther bond produces small polymeric fragments
that diffuse from the matrix and undergo phagocytosis. Drug release from PCL porous reservoir
can be obtained for more than 250 days with zero-order kinetics. Polyanhydrides are degraded
by surface erosion and have very good biocompatibility (15,16). Scleral plugs are an example of
a matrix implant made for intraocular insertion and delivery of drug into the vitreous cavity.
These implants are composed of a matrix of PLGA and drug and are constructed by a
compression-molding technique to 1 mm in diameter (13). 
Examples of nonbiodegradable polymers used in solid implants are: polyvinyl alcohol (PVA), poly
ethylene vinyl acetate (EVA), and silicon. The mechanism of action of these polymers is based
on diffusion of a fluid (water) into the device dissolving the drug, creating a saturated solution
released to the medium by diffusion out of the device. As long as the inside solution is
saturated with drug, the release rate is constant. The nonbiodegradable polymer devices do
not produce an initial burst of drug. Very long-lasting (more than a year) and controlled release
has been achieved using this type of implant, with higher concentrations measured in the
vitreous than in the aqueous humor and very low serum concentrations. The major drawbacks
for the use of this type of device are the need for a surgical implantation and the need to
remove it after it empties. Polysulfone is a water-impermeable polymer permeable to lipophilic as
well as hydrophilic compounds. This polymer has deep macrovoids in the outer membrane which
increase the surface area for drug diffusion and release. These implants can be sterilized, but
they have to be removed once emptied (13,15). 
Poly(ortho esters) (POE) are viscous injectable polymers that are degraded by surface erosion
confined to the polymer-water interface which follow a zero-order kinetics when placed in a
biological environment. This type of drug release is controlled by gradual surface degradation of
the polymer and drug release rather than drug diffusion. Some families of POE have been
synthesized. POE I and POE II families were not used for in vivo ophthalmic studies. The third
generation of POE is, at room temperature, in a gel-like conformation. This state of the polymer
allows the incorporation of therapeutic agents by simple mixing without the need of solvents.
Moreover these viscous POE can be injected directly into the eye with an appropriate needle.
Since POE contain pH-sensitive links in the polymeric backbone, the degradation rate of the
polymer can be controlled by incorporating acidic substances into the polymer matrix to
increase the erosion rate, or on the contrary, basic ones to stabilize the polymer backbone.
Classic gamma irradiation sterilization induces POE III polymer degradation. Therefore, aseptic
preparation of the polymer is recommended (15,16).
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3.10 Drug Device Combination Products 
An ophthalmic drug device combination product is constituted, in most cases, of two
components. One is a pharmaceutical dosage form containing the active ingredient(s) and the
other is a device that will activate, or facilitate the penetration of the active ingredient(s) from
the dosage form into a particular region of the eye. Some examples of these devices are those
that generate waveforms (heat or light). One ophthalmic drug device combination product
recently approved by FDA is verteporfin for injection, which is associated with a nonthermal red
light activation used in the treatment of age-related macular degeneration. 

General chapters Ophthalmic Preparations—Quality Tests 771  and Ophthalmic Preparations

—Performance Tests 1771  will be applicable only to the pharmaceutical dosage form
component of the ophthalmic drug device combination product. The appropriate FDA regulations
on medical devices should be used for the device component.

3.11 Novel Ophthalmic Dosage Forms

3.11.1 Colloidal Systems 
Colloidal dosage forms have been widely studied and employed in the field of ocular drug
delivery. These dosage forms include liposomes, nanoparticles, microemulsions, nanoemulsions,
etc. Advantages of colloidal dosage forms include sustained and controlled release of the drug
at the targeted site, reduced frequency of administration, and ability to overcome blood-ocular
barriers. Further, these carriers can also bypass or overcome various stability-related problems
of drug molecules, e.g., proteins and peptides (3,4). Encapsulation of drugs in these colloidal
carriers can also significantly enhance permeation across the membrane and prevent
degradation by the ocular enzymes. Such biodegradable carriers can be developed as an
alternative to the implants prepared from nonbiodegradable polymers, which has to be removed
surgically after a certain period of time (4,11,15,17). 
Although very promising, commercial development of these colloidal systems remains limited
because of the complexity of their manufacture, particularly in relation to stability problems
during sterilization, which are not offset by substantial improvements in pharmacokinetic and
pharmacologic performance (9). Temperatures required for autoclaving can cause irreversible
damage to colloidal systems, while filtration is only applicable to microparticulates with a size
less than 0.2 µm (10).

Microemulsions 
Microemulsions are dispersion of water and oil facilitated by a combination of surfactant and
cosurfactant in a manner to reduce interfacial tension. These systems are usually characterized
by higher thermodynamic stability, small droplet size (approximately 100 nm) and clear
appearance. Their transparent appearance is due to the high level of dispersion of the internal
phase, the size of it ranges from 100–1000 angstroms (18). Apart from solubility, microemulsion
systems have also been exploited to improve permeation across the cornea. Such formulations
often provide extended drug release thereby reducing frequency of the drug administration.
Although microemulsions have excellent advantages, limitations in the selection of
surfactant/cosurfactant system and potential toxicity associated with higher concentrations of
surfactant/cosurfactant often restricts its use (4,18).

Nanosuspensions 
Nanosuspensions can be defined as sub-micron colloidal systems that consist of poorly water-
soluble drug, suspended in an appropriate dispersion medium stabilized by surfactants. Usually
nanosuspensions consist of colloidal carriers like polymeric resins which are inert in nature. They
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help in enhancement of drug solubility and thus bioavailability. Unlike microemulsions, they are
non irritant. Charge on the surface of nanoparticles facilitates their adhesion to the cornea.

Nanoparticles 
They can be defined as particles with a diameter of less than 1 µm, comprising of various
biodegradable or non biodegradable polymers, lipids, phospholipids or metals. They can be
classified as nanospheres or nanocapsules depending upon whether the drug has been uniformly
dispersed or coated within polymeric material. The uptake and distribution of nanoparticles
depend on its size.

Liposomes 
Liposomes are lipid vesicles containing aqueous core and have been widely exploited in ocular
delivery for various drug substances. Depending on the nature of the lipid composition selected,
liposomes can provide extended release of the drug.

Niosomes 
Niosomes are bilayered structural vesicles made up of nonionic surfactant and are capable of
encapsulating both lipophilic and hydrophilic compounds. They can release the drug
independent of pH, enhancing ocular bioavailability (4). Niosomes are microscopic lamellar
structures that are formed on the admixture of nonionic surfactant of the alkyl or diakyl
polyglycerol ether class and cholesterol with subsequent hydration in aqueous media.
Structurally niosomes are similar to liposomes, in that they are also made up of a bilayer.
However, the bilayer in the case of nisomes is made up of nonionic surface-active agents
rather than phospholipids as in the case of liposomes. Niosomes may be unilamellar or
multilamellar depending on the method used to prepare them. They are capable of entrapping
hydrophilic and hydrophobic solutes. They possess great stability and lack many disadvantages
associate with liposomes such as high cost and the variable purity of phospholipids (19,20).

Dendrimers 
Dendrimers are macromolecular compounds made up of a series of branches around a central
core. Their nanosize, ease of preparation, functionalization, and possibility to attach multiple
surface groups render them suitable alternative vehicles for ophthalmic extended drug delivery.
This system of branched polymers represents unique architecture and can entrap both
hydrophilic and lipophilic drugs into their structure. Selection of functional group on the surface
(amine, carboxylate and hydroxyl), size and molecular weight of the dendrimer are important
parameters to be considered in designing a delivery system (4).

3.11.2 Hydrogels 
Hydrogels are three-dimensional, hydrophilic, polymeric networks capable of taking in large
amounts of water or biological fluids. Residence time can be significantly enhanced with a
hydrogel formulation. The gelation can be obtained by changing temperature and pH.
Poloxamers, the most widely used polymer, contains the hydrophobic part in the centre
surrounded by a hydrophilic part. Though they are widely employed to enhance the residence
time, they suffer from a major drawback of having weak mechanical strength, rapid erosion, and
nonbiodegradability. In case of cellulose derivative like hypromellose, gelation is a result of
interaction of hydrophobic components at higher temperature. Another approach is having the
polymer dissolved in a suitable carrier. The polymer and carrier are both biodegradable and
biocompatible. Once injected into the subcutaneous space, water in surrounding tissues causes
the precipitation of polymer which immediately entraps the drug and releases it in a controlled
manner (4).
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3.11.3 Microneedle-, Ultrasound-, and Iontophoresis-Based Ocular Drug Delivery
Systems 
All these delivery systems are noninvasive methods designed to deliver drugs to intraocular
regions, mainly for the treatment of posterior segment diseases. Drug-coated microneedles
have been developed with a length of 500–750 µm. The drug to be delivered can be coated on
the solid metal. Following administration, coated molecules dissolve rapidly, and subsequently,
microneedles are removed from the tissue. This delivery system generates a much higher
concentration compared to a free-drug solution (3,4). 
Similarly, ultrasound-mediated drug delivery has also received attention in recent years.
Delivery of beta-blockers such as atenolol and timolol, was attempted with ultrasound
application (20 kHz for 1 h) across cornea in the treatment of glaucoma. Corneal permeability of
these compounds has been significantly enhanced with ultrasound. 
Ocular iontophoresis has received a lot of attention in recent years, particularly to deliver drugs
across cornea and sclera. Some active ingredients such as ciprofloxacin hydrochloride,
gentamicin, dexamethasone, were successfully delivered using this technique (3).

4. CONTAINER CLOSURE SYSTEMS 
Traditionally, ophthalmic liquid products were packed in glass containers fitted with an eye
dropper. Today, glass containers have limited use where product stability or compatibility issues
exclude the use of flexible plastic containers made of polyethylene or polypropylene. Most liquid
ophthalmic products on the market are packaged in plastic containers fitted with nozzles from
which, by gentle squeezing, the contents may be delivered as drops. 
Plastic containers have several advantages over the glass-dropper combination such as
minimizing the risk of the contents being contaminated with microorganisms by the replacement
of the dropper which may have become contaminated by touching the infected eye or any
other surfaces. Also, plastic containers are cheap, light in weight, more robust to handle and
easier to use than glass-dropper type containers. 
However, there are some disadvantages of plastic eye-drop containers. Some plastic materials
such as polyethylene can absorb some antimicrobial preservatives (e.g. benzalkonium chloride),
or some drugs. They may also leach plasticizers into the product, or printing inks from the label
can migrate through the plastic into the product. It is necessary to conduct compatibility and
stability studies to ascertain whether this is likely to be a problem. Alternatives are to use glass
or a preservative-free product. The challenge is to develop a packaging system for
preservative-free products that maintains the sterility of the product throughout its shelf-life
and during use. 
Unit-dose systems offer the easiest technical solution to this problem but have the
disadvantage of higher cost of manufacture and of not being as compact as a multidose
product containing equivalent doses. An alternative approach is to develop a multidose
preservative-free system. The container is required to be collapsible, and the suck-back of air,
which could contain bacteria, has to be avoided. Containers are being developed that contain a
valve mechanism to achieve this. 
Due to the safety and regulatory concerns raised by preservatives used in ophthalmic product,
there have been efforts to develop new eye-drop packaging systems that can remove the
preservative from the formulation during administration. Benzalkonium chloride is the most
common preservative used in commercial eye-drops, and yet there are reports of side-effects
caused by its frequent use in ophthalmic products. Plastic containers can also be permeable to
water vapor and oxygen over prolonged periods of storage. This can lead to gradual loss of
liquid product or oxidation of an unstable drug over time. 
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Plastic containers can also be permeable to water vapor and oxygen over prolonged periods of
storage. This can lead to gradual loss of liquid product or oxidation of an unstable drug over
time. 
Polyethylene containers are not able to withstand autoclaving and are usually sterilized by
ethylene oxide or by irradiation before being filled aseptically with presterilized product.
Polypropylene containers can be autoclaved, but are not as flexible as polyethylene for eye-
dropper use. 
Semi-solid products have been traditionally packed in collapsible tin tubes. Metal tubes are a
potential source of metal particles in ophthalmic products, and so the tubes have to be cleaned
carefully prior to sterilization. Also, the final product must meet limits for the number of metal
particles found. Plastic tubes are not suitable because of their noncollapsible nature, which
causes air to enter the tube after withdrawal of each dose. However, collapsible tubes made
from laminates of plastic, aluminum foil and paper are good alternative to tin tubes. Laminate
tubes fitted with polypropylene caps can be sterilized by autoclaving, whereas tubes fitted with
polyethylene caps are sterilized by gamma irradiation. The tubes are usually filled aseptically,
sealed with an adhesive and then crimped (7,10).

5. DRUG PRODUCT QUALITY TESTS AND DRUG PRODUCT PERFORMANCE TESTS 
Procedures and acceptance criteria for testing ophthalmic preparations are divided into two
categories: (1) those that assess general quality attributes, for example, identification,
potency, purity, (and impurities), sterility and particulate matter, and (2) those that assess in
vitro product performance, i.e., dissolution or drug release of the active drug substance from
the drug product. Quality tests assess the integrity of the dosage form, whereas the
performance tests assess drug release and other attributes that relate to in vivo drug
performance. Taken together, quality and performance tests assure the identity, strength,
quality , purity and efficacy of the drug product. 

In the new version of general chapter 771  the division of the product quality tests in
universal tests and specific tests does not strictly follow the ICH guidance Q6A Specifications:
Test Procedures and Acceptance Criteria for New Drug Substances and New Drug Products:
Chemical substances (available at www.ich.org). Universal tests in this chapter mean the tests
that are applicable to all ophthalmic products regardless of the dosage form type.

5.1 Drug Product Quality Tests—Universal Tests

5.1.1 Description 
A qualitative description of the drug product is part of the product manufacturer's specification.
The acceptance criteria should contain the final acceptable appearance, including clarity and
color, of the dosage form and packaging. If color changes during storage, a quantitative
procedure may be appropriate.

5.1.2 Identification 
Identification tests should establish the identity of the drug or drugs present in the drug
product and should discriminate between compounds of closely related structures that are likely
to be present. Identity tests should be specific for the drug substance(s) (e.g., infrared
spectroscopy). Near infrared (NIR) or Raman spectrophotometric techniques also could be

acceptable for the identification of the drug product (see Near-infrared Spectroscopy 1119

(21) and Raman Spectroscopy 1120  (22)). The most used identification procedure for drug
substance(s) contained in pharmaceutical dosage forms is by chromatography with comparison
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with the appropriate standards (see Chromatography 621  (23) and Thin-layer

Chromatographic Identification Test 201  (24)). Identification solely by a single
chromatographic retention time is not specific.

5.1.3 Assay 
A specific and stability-indicating test should be used to determine the strength (content) of
the drug product. In cases when the use of a nonspecific assay test is justified, other
supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay test. Additional information on specific assays may be found in Antibiotics—Microbial

Assays 81  (25), Chromatography 621  (23), Spectrophotometry and Light scattering 

851  (26) and Ion Chromatography 1065  (27).

5.1.4 Impurities 
Process impurities, synthetic by-products, and other inorganic and organic impurities may be
present in the drug substance and excipients used in the manufacture of the drug product.
These impurities are controlled by the drug substance and excipients compendial monographs.
Organic impurities arising from the degradation of the drug substance in the drug product and
those arising during the manufacturing process of the drug product should be monitored. All

articles meet the requirements in Elemental Impurities—Limits 232  (28) and Residual

Solvents 467  (29).

5.1.5 pH 
The pH and buffering capacity of an ophthalmic preparation are probably of equal importance to
proper preservation, since the stability of most commonly used ophthalmic drugs is largely
controlled by the pH of their environment. 
In addition to stability effects, pH adjustment can influence comfort, safety, and activity of the
product. Eye irritation is normally accompanied by an increase in tear fluid secretion as a
defense mechanism to restore the normal physiological conditions. Accordingly, in addition to
the discomfort encountered, products that produce irritation will tend to be flushed from the
eye, and hence a more rapid loss of the drug may occur with a probable reduction in the
therapeutic response (7). 
Normal tears have a pH of about 7.4, but it varies; for example, tears are more acidic in
contact lens wearers (8). Tears possess some buffer capacity. The introduction of a medicated
product into the eye stimulates the flow of tears, which neutralize any excess hydrogen or
hydroxyl ions introduced. Intraocular hyperosmotic solutions may elicit some transient
desiccation of the anterior chamber tissues whereas intraocular hypotonic solutions may cause
edema that could lead to corneal clouding (7). Normally, the buffering action of the tears is
capable of neutralizing the topically applied product and is thereby able to prevent marked
discomfort. For maximum comfort, an ophthalmic preparation should have the same pH as the
lacrimal fluid. However, this is not pharmaceutically possible because at pH 7.4 many drugs are
insoluble in water. The pH that permits greatest activity may also be the pH at which the drug
is least stable. For this reason, a compromise pH is generally selected and maintained by
buffers to permit the greatest activity while maintaining stability (8,10,12). If buffers are
required, their capacity is controlled to be as low as possible, thus enabling the tears to bring
the pH of the eye back to the physiological range. Since the buffer capacity is determined by
buffer concentration, the effect of buffers on tonicity must also be taken into account and is
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another reason that ophthalmic products are usually only lightly buffered (7). 

For pH test procedures see pH 791  (30).

5.1.6 Osmolarity 
In formulating ophthalmic preparations, it is more important to consider the sterility, stability,
and preservative aspects, and not jeopardize these aspects to obtain a precisely isotonic
solution. In certain instances, the therapeutic concentration of the drug will require using what
might otherwise be considered an unacceptable tonicity (7). In practice, the tonicity limits may
range from 0.5%–5% sodium chloride, equivalent to a range from about 171 mOsm/kg to about
1711 mOsm/kg, without marked discomfort to the eye. 

For procedures to evaluate osmolarity, see Osmolality and Osmolarity 785  (31).

5.1.7 Particulate and Foreign Matter 
Particles administered topically have the potential to damage the epithelial layer, which may
lead to infection and scarring. Although the total effect of particulates on intraocular tissue is
not completely known, some possible results in the anterior chamber have been postulated.
Certain amounts of iritis and uveitis might be expected, as well as the production of granulomas
similar to the type reported for pulmonary tissue that results from particulates in large-volume
parenterals. Equally important, particulate matter can block the canals of Schlemm, disrupting
the outflow mechanism for the aqueous humor and leading to a rapid increase in intraocular
pressure and the onset of an acute attack of glaucoma. Particulates may originate from raw
materials as well as glass fragments produced in glass ampoule fracture or elastomeric particles
generating during stopper penetration (7). 
All ophthalmic preparations including solutions, suspensions, emulsions and implants intended for
ophthalmic injection must be inspected to the extent possible for the presence of observable
foreign and particulate matter. Qualification of the inspection process should be performed with
reference to particulates in the visible range of a type that might emanate from the
manufacturing or filling process. The inspection for visible particulates may take place when
inspecting for other critical attributes, such as molding abnormalities, cracked or defective
containers or seals, or when characterizing the appearance of a lyophilized product. 
Ophthalmic preparations, including solutions, suspensions, emulsions and implants, and their
packaging should be developed and manufactured in a manner designed to exclude foreign
visible particulate matter and to minimize the content of foreign subvisible particulate matter,
as appropriate for the dosage form. Containers for ophthalmic use must be evaluated for
cleanliness and shown to be free of hard particulate matter such as metal or glass. 
Specifically for ophthalmic solutions, 100% inspection of all final packages is required and may
also utilize alternate methods to evaluate the presence of visible particles that may not be

evident within translucent to opaque packages, as defined in Visible Particulate Matter 790
(32). Further, subvisible particulate matter content must be determined by the methods and

limits defined in Particulate Matter in Ophthalmic Solutions 789  (33). The limits found in 

789  (33) were developed for these products in order to provide greater assurance that
ophthalmic solution batches will be essentially free of visible particles due to the inability for
direct examination of the product fill within translucent to opaque containers. Preparations for

direct injection into the eye must comply with the limits in 789  (33). Ophthalmic products
may need to be dissolved in a suitable particle free-solvent prior to conducting suitable
electronic or microscopic particle determination. Visible particulate matter present must be
noted as part of such determination. All ophthalmic preparations should not exceed
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predetermined particle limits throughout the intended shelf life.

5.1.8 Sterility and Antimicrobial Preservative 
Every ophthalmic product must be manufactured under conditions validated to render it sterile
in its final container for the shelf life of the product (7). 
All ophthalmic preparations should be sterile when dispensed, and whenever possible, a suitable
preservative should be added to ensure sterility during the course of use. Ophthalmic
preparations intended to be used during surgery or in the traumatized eye generally do not
contain preservative agents because they are irritating to the tissues within the eye. These
preparations are usually packaged in single-dose containers and any unused material is
discarded (7,12). 
The sterilization procedure to be used will depend upon the nature of the dosage form (12).
The most used methods of achieving a sterile product are: steam sterilization (autoclaving), dry
heat sterilization, gas sterilization, sterilization by ionizing radiation, sterilization by filtration,
and aseptic processing. A combination of two or more of these six methods is routinely used for
ophthalmic products packaged in plastic containers (7). Although it is preferable to sterilize
ophthalmics in their final container by autoclaving, this method may be precluded by thermal
instability of the formulation. As an alternative, other sterilization procedures such as bacterial
filters or irradiation may be used, provided their compatibility with the formulation has been
investigated. Another option is to manipulate all the sterilized components of the formulation
under aseptic conditions (7,8,10). 

Ophthalmic dosage forms shall meet the requirement of Sterility Tests 71  (34). If the
specific ingredients used in the formulation do not lend themselves to routine sterilization

techniques, ingredients that meet the sterility requirements described under Sterility Tests 71

 (34), along with aseptic manufacture, may be used. The immediate container for ophthalmic
preparations shall be sterile at the time of filling and closing. 
It is mandatory that the immediate containers for ophthalmic preparations be sealed and
tamper-proof so that sterility is ensured at the time of first use. 
Ophthalmic preparations to be used on eyes with intact corneal membranes may be packaged in
multiple-dose containers. Even though sterile when dispensed, these preparations should
contain a rapidly effective, topically nonirritating antimicrobial agent or a mixture of such
agents to prevent the growth of, or to destroy, microorganisms accidentally introduced into the
product when the container is opened during use. These antimicrobial agents have limitations
with respect to stability, chemical compatibility with the other components of the formulation
and packaging material, and their concentration should be properly evaluated. These agents
have to be effective throughout the entire shelf life of the product (7,8,10,12). 
Antimicrobial agents must be added to preparations that are packaged in containers that allow
for the withdrawal or administration of multiple doses, unless one of the following conditions
prevails: (1) there are different directions in the individual compendia monograph; (2) the
substance contains a radionuclide with a physical half-life of less than 24 h; (3) the drug
product without additional agents is sufficiently microbicidal to meet the requirements of

Antimicrobial Effectiveness Testing 51  (35). Substances must meet the requirements of

Antimicrobial Effectiveness Testing 51  (35) and Antimicrobial Agents—Content 341  (36).
Acceptance criteria for antimicrobial preservative content in multidose products should be
established throughout the entire shelf life of the product.

5.1.9 Bacterial Endotoxins 
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All injected ophthalmic drug products shall be prepared in a manner designed to minimize

bacterial endotoxins as defined in Bacterial Endotoxins Test 85  (37) and Pyrogen Test 151

 (38).

5.1.10 Uniformity of Dosage Units 
This test is applicable for dosage forms packaged in single-unit containers. Uniformity of dosage
units typically is demonstrated by one of two procedures: content uniformity or weight

variation (see Uniformity of Dosage Units 905  (39)).

5.1.11 Uniformity in Containers 
Semisolid dosage forms such as ointments, lotions, creams, and emulsions may show physical
separation during manufacturing processes and/or during the shelf life. To ensure the integrity
of the drug product, it is essential to evaluate the uniformity of the finished product throughout
its assigned shelf life. See Uniformity in Containers, under Topical and Transdermal Drug

Products —Product Quality Tests 3  (40).

5.1.12 Container Content 

Container contents of ophthalmic products should be determined (see Minimum Fill 755
(41)).

5.1.13 Leachables and Extractables 
The packaging system used with ophthalmic preparations should not interact physically or
chemically with the preparation in any manner to alter the strength, quality, or purity of the
drug product. The packaging system should meet the applicable requirements under

Elastomeric Closure for Injections 381  (42), Containers—Glass 660  (43), Plastic

Materials of Construction 661.1  (44) and Plastic Packaging Systems for Pharmaceutical Use

661.2  (45). Further information regarding packaging systems testing may be found in

Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery Systems 

1663  (46) and Assessment of Leachables Associated with Pharmaceutical Packaging/Delivery

systems 1664  (47).

5.1.14 Container Closure Integrity 
The packaging system should be closed or sealed in such a manner as to prevent contamination
or loss of contents. Validation of container integrity must demonstrate no penetration of
microbial contamination or chemical or physical impurities (see Sterile Product Packaging—

Integrity Evaluation 1207  (48)).

5.2 Drug Product Quality Tests—Specific Tests

5.2.1 Viscosity 
In the preparation of ophthalmic solutions a suitable thickening agent is frequently added to
increase the viscosity. Although they reduce surface tension significantly, their primary benefit
is to increase the ocular contact time, thereby decreasing the drainage rate and increasing
drug bioavailability. A secondary benefit of most of the thickening agents is a lubricating effect.
Numerous studies have shown that increasing the viscosity of ophthalmic products increases
contact time and pharmacological effect, but there is a plateau reached after which further
increases in viscosity produce only slight or no increases in effect. The location of the plateau
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is drug and formulation dependent (7). 
Viscosity for ophthalmic solutions is considered optimal in the range of 15–25 cp (8,10). 

For testing procedures see Viscosity—Capillary Viscometer Methods 911  (49), Rotational

Rheometer Methods 912  (50), and Rolling Ball Viscometer Method 913  (51). As viscosity
is formulation dependent, it is not part of a compendial monograph for ophthalmic products but
it is part of the manufacturer's specification of the drug product.

5.2.2 Antioxidant Content 
Stabilizers are ingredients added to a formulation to decrease the rate of decomposition of the
drug(s) present in the product. Antioxidants are the principal stabilizers added to some
ophthalmic products, primarily those containing epinephrine and other oxidizable drugs (7). If
antioxidants are present in the drug product, tests of their content should be established
unless oxidative degradation can be detected by another test method such as impurity testing.
Acceptance criteria for antioxidant content should be established. They should be based on the
levels of antioxidant necessary to maintain the product's stability at all stages throughout its
proposed usage and shelf life.

5.2.3 Resuspendibility/Redispersability 
An important aspect of any suspension is the ability to resuspend easily any settled particles
prior to instillation in the eye and ensure a uniform dose is delivered. It would be ideal to
formulate a suspension that does not settle. However, this is usually not feasible or desirable
since the viscosity required to retard settling of the insoluble particles completely would likely
be excessive for a liquid eyedrop. The opposite extreme, allowing complete settling between
doses, usually leads to a dense layer of agglomerated particles that are difficult to resuspend
(7). 
The resuspendibility/redispersability of any suspension should be evaluated throughout the
entire shelf life of the product.

5.2.4 Particle Size and Particle Size Distribution 
The potential for any changes in particle size of ophthalmic suspensions and emulsions needs to

be evaluated through stability testing (see Light Diffraction Measurement of Particle Size 429

 (52)).

5.2.5 Drop Size 
The volume of a drop is dependent on the physicochemical properties of the formulation,
particularly surface tension, the design and geometry of the dispensing orifice, and the angle at
which the dispenser is held in relation to the receiving surface. Manufacturing controls must be
in place to provide a uniform drop size throughout the shelf life of the product (7). Drop sizes
may typically range from 20–70 µL.

5.2.6 Added Substances 
The sensitivity of the intraocular tissues places certain restrictions on intraocular dosage forms.
In general, preparations that incorporate fewer ingredients in a properly balanced solution will
have less likelihood of tissue incompatibility. 
The choice of a particular inactive ingredient and its concentration is based not only on
physical and chemical compatibility but also on biocompatibility with ocular tissues. Because of
the latter requirement, the use of inactive ingredients is greatly restricted in ophthalmic dosage
forms. 
Some agents commonly used in topical ocular drugs can be used only sparingly or not at all for
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intraocular use, and pH and buffering capacity must be taken into account. 
Drug stabilizers such as antioxidants and chelating agents must be used with care and should
be used in absolutely minimal quantities only when necessary. Occasionally, it may seem
desirable to solubilize an otherwise sparingly soluble ingredient. Only fairly low concentrations of
typical cosolvents such as glycerin and propylene glycol can be employed because of their
osmotic effect on the surrounding tissues. The use of surfactants is greatly restricted in
formulating ophthalmic products (7). 
The use of unnecessary ingredients is to be avoided, and the use of ingredients solely to impart
a color (1,7), odor, or flavor is prohibited (7).

6. DISSOLUTION/DRUG RELEASE TESTS 
The procedures for testing dissolution/drug release for ophthalmic preparations are described in

the new general chapter Ophthalmic Preparations—Performance Tests 1771 . 
These tests are conducted to ascertain the drug release from the product matrix. In the case
of semi-solid dosage forms such as ointments, gels, emulsions, etc., the test can be performed

according to the USP general chapter Semisolid Drug Products—Performance Tests 1724
(53). This chapter contains the description of the equipment and instructions on how to
perform the test using equipments such as vertical diffusion cell, immersion cell, and a special
cell to be used with the USP Apparatus 4 (flow-through cell). A special cell for USP Apparatus 4
was developed to evaluate the drug release from colloidal systems (54). Depending on the
design and release mechanism of the dosage form, the dissolution/drug release test can be

developed using the conditions described in USP general chapters Dissolution 711  (55) or

Drug release 724  (56). Novel dosage forms may require the use of non compendial
equipment and/or conditions (e.g. the equipment used in the dissolution test in the USP
monograph for Minocycline Periodontal System (57)). The dissolution/drug release test should
be discriminative for the critical quality attributes of the product and should be properly

validated (see USP general chapter The Dissolution Procedure—Development and Validation 

1092  (58)).
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

System Suitability for USP Chromatographic Procedures—Small Molecules

Small Molecule Expert Committee Chairs and Vice Chairs: Bernard Olsen, Ernest Parente, John
Daniels, Eugene McGonigle, Tina Engle, Danny Tuck, Michael Cutrera, Glenn Van Buskirka

ABSTRACT System suitability tests and criteria should be established for all types of analytical
procedures, and they have been in use for chromatographic methods for many years. This
Stimuli article describes the general expectations of the Small Molecule Expert Committees 1–4
for system suitability requirements for chromatographic procedures submitted in new or revised
monographs. The USP Guideline for Submitting Requests for Revision will also be updated as
appropriate to provide more information regarding system suitability requirements.

INTRODUCTION 
System suitability tests are conducted each time an analytical procedure is performed and,
along with instrument qualification, procedure validation, and sound laboratory practices,
ensure the quality of analytical test results. System suitability demonstrates that a procedure
and instrumental system are performing as they did when the procedure was validated and that
the results, therefore, are valid for the intended use of the procedure. 
System suitability tests and criteria should be established for all types of analytical procedures,
and they have been in use for chromatographic methods for many years. The parameters that
are most often used to determine system suitability for chromatographic procedures are

described in USP general chapter Chromatography 621  (1). General chapter 621  also
gives acceptance criteria for some of the parameters (e.g., %RSD for drug substance assays).
However, parameters and acceptance criteria given in specific monograph procedures always

take priority over those in 621 . Similar parameters and general acceptance criteria are
described in the European Pharmacopoeia (Ph. Eur.) general chapter 2.2.46 (2). 
The USP Expert Committees and USP staff liaisons working on small molecule monographs
encounter a wide variety of monograph proposals from many different sponsors. This variety
can lead to apparent inconsistencies in chromatographic system suitability requirements for
monograph procedures. Some procedures submitted as monograph proposals are for products
registered many years ago and system suitability practices may not reflect current
expectations. Requirements also usually reflect the standard practices of a particular sponsor
since there is not universal agreement with regard to the requirements. 
The USP guideline for monograph submission states that “the Request for Revision also should
include system suitability criteria sufficient to ensure that the chromatographic system is

capable of performing the procedure (see 621 )” but does not provide additional details (3).
The guideline further emphasizes the importance of system suitability by stating, “One of the
most critical pieces of information is the system suitability parameters. They usually are
determined through a carefully completed robustness protocol and should be defined clearly in a

Request for Revision (see general chapter Chromatography 621 ).” 
USP's efforts to modernize many outdated or inadequate monographs have also highlighted the
need to have system suitability expectations that are consistent across all monographs. In
addition, meaningful system suitability criteria may help detect problems when different brand
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names of chromatographic columns are used. 
This article describes the general expectations of the Small Molecule Expert Committees 1–4 for
system suitability requirements for chromatographic procedures submitted in new or revised
monographs. The USP Guideline for Submitting Requests for Revision will also be updated as
appropriate to provide more information regarding system suitability requirements.

EXPECTATIONS FOR SUBMITTED PROPOSALS 
The expectations for typical system suitability parameters are summarized in Table 1. A more
detailed discussion regarding the choice of parameters and acceptance criteria for different
types of tests is given below. Note that HPLC is the most common chromatographic technique
encountered in monographs, but the discussion applies to gas chromatography as well.

Table 1. Summary of System Suitability Expectations for USP Monograph Procedures

Test Typical System Suitability
Parameter

Case-by-Case
Parameters

Assay
• Precision 
• Tailing Factor

• Theoretical platesa 
• Retention factor 
• Resolution

Impurities

• Precision 
• Resolution 
• Sensitivity

• Tailing Factor 
• Theoretical platesa 
• Retention factor

Dissolutionb 
Content
Uniformityb

• Precision 
• Tailing Factor

• Theoretical platesa 
• Retention factor 
• Resolution 
• Sensitivity

a  For isocratic or isothermal procedures only.
b  When test measurements are made using HPLC or GC.

Assay 
A measure of system or injection precision should always be included to establish system
suitability for the assay test. For drug substances, the acceptance criterion for precision is a
function of the assay acceptance limits. An upper value in a drug substance assay range that
is greater than 100% is needed mainly because of assay variability and to accommodate any

small errors in the assignment of reference standard purity. In 621 , the relationship between
the specification range, the number of injections, and the required system precision is given
(see Table 2 below). As shown in the table, a tighter value for the %RSD for system
repeatability is needed the closer the upper acceptance criterion is to 100%. Some procedures
are still submitted with a historical injection precision criterion of 2.0% RSD when the Assay
acceptance range is 98.0%–102.0%. In this situation, an injection system delivering no better
than 2.0% RSD would result in a significant number of out-of-specification results for a pure
drug substance because of imprecision of the measurement. Fortunately, modern HPLC injection
systems have injection precision of 0.5% RSD or better. Most USP modernization proposals

include an RSD requirement of 0.73% as indicated in 621  for an upper assay limit of 102.0%.

Table 2. Relative Standard Deviation Requirements for Drug Substance Assay

Maximum Permitted RSD
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B (%)a 3 Injections 4 Injections 5 Injections 6 Injections

2.0 0.41 0.59 0.73 0.85
2.5 0.52 0.74 0.92 1.06
3.0 0.62 0.89 1.10 1.27

a B = upper limit given in the definition of the individual monograph minus 100%.

The peak Symmetry Factor (also known as the Tailing Factor) is also expected for
chromatographic Assay tests. Resolution of closely eluting impurities and assay precision can
both be affected by peak tailing. Excessive tailing is often a symptom of column aging or
contamination and can indicate that the column should be replaced. Because column brand
names are not specified in USP monographs, the tailing factor is also important in showing that
an acceptable column is being used. 
Column efficiency is expressed in terms of theoretical plates, N, has been used for system
suitability for some procedures. The Symmetry Factor is usually a sufficient indication of the
column efficiency, and a check for theoretical plates is not needed routinely. A theoretical
plate requirement could be included if data from the sponsor suggest theoretical plates are
superior to Symmetry Factor in guarding against use of an unsuitable column or system.
Theoretical plates should only be used for isocratic HPLC or isothermal GC systems. 
Resolution is not always included for Assay system suitability. If a minor impurity (less than
about 0.1%) co-elutes with the drug substance, the accuracy of the result will not be affected
significantly because the error is well within the typical precision of a chromatographic
procedure. However, if a significant impurity or other component is present and elutes near the
main peak in the chromatogram, a resolution test should be used to ensure separation and
accurate quantification. Data should be submitted to show that the resolution requirement is
meaningful for ensuring adequate separation of a closely eluting impurity when a different
impurity that is more widely separated is used for system suitability. Also, a resolution
requirement is recommended when Assay and Organic Impurities tests are done using the same
chromatographic conditions. 
The Retention Factor, also known as Capacity Factor, is sometimes submitted as a system
suitability parameter. Justification should be provided for inclusion of a Retention Factor
requirement in monographs. Relative retention times may be provided for informational purposes
to aid in peak identification, but no acceptance criteria are applied to relative retention times.
When a Retention Factor is included, it may be useful to incorporate an unretained compound
into the system suitability solution to obtain a reliable estimation of the hold-up time.

Organic Impurity Tests 
It is usually important to include a resolution test to show system suitability for impurities. A
meaningful resolution test will demonstrate that adequate separation of impurities from the main
component, from each other, and from other sample components, such as excipients, has been
obtained. The separation of impurities should also reflect the separation that was obtained
when the procedure was validated. 
Resolution tests for system suitability can be performed in many ways. It is often not practical
to have a system suitability test mixture that contains every impurity of interest in a particular
test. Many procedures employ a “critical pair” of components that have similar retention times
so that when this pair of components is adequately separated, all other impurities will also be
separated. The critical pair components for a resolution test often include the drug substance
and an impurity that elutes closely before or after the drug substance. In some procedures,
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two impurities may comprise a critical pair, and the resolution test may not involve the drug
substance. In other situations, resolution criteria may be needed for more than one pair of
peaks to ensure adequate separation overall. For critical pairs comprising the drug substance
and a closely eluting impurity (or other situations where the sample contains a small peak near
a much larger one), it is important to use concentrations of the components for the system
suitability test that are similar to those that may be expected in actual samples. Even baseline
separation (resolution of about 1.5) of components of equal peak size may not be sufficient to
ensure separation when one component peak is much larger than the other. A critical pair of
peaks of unequal sizes with partial resolution can also be used for system suitability with a

peak-to-valley ratio as described in 621 . In some cases, this technique may be a more
reliable indication of adequate separation than a classical resolution test. 
Peak identification samples containing all or most of the impurities of interest are sometimes
used to aid in identifying impurities. Although not usually part of system suitability, such
samples are particularly helpful to ensure correct impurity peak identification when individual
impurities are specified and there may be ambiguity about their assignment in a complex
impurity profile or area of a chromatogram that contains closely eluting peaks. Maintaining an
ongoing supply of an appropriate peak identification sample is usually a concern for routine use.
Chiral impurity procedures clearly require a meaningful resolution test to demonstrate adequate
separation of enantiomers or other stereoisomers. Because the minor enantiomer often elutes
very near the major enantiomer, concentrations of each isomer for the resolution test should be
close to what would be expected in a sample containing the minor isomer at its acceptance
limit. The use of the peak-to-valley approach (1) to resolution measurement can be
advantageous in the situation of closely eluting enantiomers. 
Some sponsors clearly have standard practices regarding criteria for resolution and other
system suitability parameters. For example, a resolution criterion of NLT 1.5 is often used
because that represents baseline resolution of two roughly equal-sized peaks. However, as the
difference in the peak sizes increases, more resolution may be required to achieve adequate
separation and accurate quantification (1). Also, the separation should be examined to
determine whether all other peaks of interest are resolved adequately when the result for the
designated resolution peak pair is 1.5. It could be that a resolution value greater than 1.5 is
needed for one or more peak pairs to ensure adequate overall separation of impurities. For
example, Gavin and Olsen showed that a resolution value of at least 5.0 was needed for the
system suitability peak pair to ensure separation of another impurity eluting close to the drug
substance (4). 
Unless specific data show otherwise, setting very high resolution criteria (e.g., NLT 10 or
greater) usually is not meaningful for peaks that are widely separated from each other. Data
from development and validation may show such a separation is usually obtained, but unless it
can be correlated to the separation of other components, a more meaningful peak pair should
be sought. 
Providing standards of critical pair impurities for use in resolution tests is not always convenient
or even possible. In these cases, other more readily obtainable impurities may need to be used
with criteria that are appropriate to ensure adequate overall separation. Another approach is
the in situ generation of a resolution mixture by partially degrading the drug substance to form
the desired impurity. Examples of this approach can be found in the following monographs:
Doxycycline Hyclate, Granisetron Hydrochloride, Esmolol Hydrochloride, Cabergoline, and
Leuprolide Acetate. These degradation procedures have the advantage of not requiring a
reference standard for the impurity. However, the conditions for generating the impurity should
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be investigated carefully and should be shown to deliver the desired mixture in a robust
manner, i.e., without being highly sensitive to parameters such as time and temperature. 
A system precision requirement should be included for impurity procedures that employ external
standard quantitation. A precision requirement is not necessary when area normalization is
used. Acceptance criteria of NMT 5% or NMT 10% RSD are often used for injections of the drug
substance or impurity standard at concentrations similar to the monograph acceptance levels
for impurities. In most cases, these higher RSD values are adequate for impurities where the
inherent variability of the procedure is usually higher than the variability of an Assay procedure.
The Horwitz–Massart or Horwitz–Thompson values for validation precision requirements are
described in the Medicines Compendium general chapter Assessing Validation Parameters for

Reference and Acceptable Procedures—Guideline for Donors/Instructions for Staff 10 .
These values vary based on impurity levels of concern and can be useful for considering system
suitability requirements (5). For example, at impurity levels of 0.1%, the Horwitz–Massart and
Horwitz–Thompson RSD values are 2.8% and 5.7%, respectively. 
Impurities should be demonstrably quantifiable at the levels of concern. A check of signal-to-
noise ratio (S/N) using what is often referred to as a sensitivity solution has become a system
suitability expectation for impurity procedures. This check is usually accomplished with a
standard solution of the drug substance or impurity at a concentration near the reporting limit
(usually 0.05% for drug substances) or other level of concern. When indicated in a monograph,
related compound impurities below the reporting limit can be disregarded and do not need to be
included in the summation of total impurities. Consistent with ICH Q2(R1) for validating the limit
of quantitation, an S/N limit of NLT 10 is expected for a concentration corresponding to the
reporting limit (6). In cases where a reporting level is not specified, some justification of
adequate performance should be given for the system suitability requirement. There is some

debate about how the S/N measurement should be performed (7), but 621  currently
specifies a calculation that is harmonized with that given in Ph. Eur. 2.2.46. 
Adequate quantitation of impurities may also be demonstrated by acceptable precision of a
dilute standard. For example, an RSD of NMT 10.0% for a standard near the reporting limit or
level of concern could be used to demonstrate acceptable sensitivity. Monograph sponsors can
provide justification of other precision acceptance criteria. 
Adequate sensitivity and detectability are also critical for trace analysis procedures such as
those for toxic impurities. These procedures often incorporate standards at the acceptance
limit to demonstrate acceptable response at low analyte levels. Spiked samples are also
sometimes used to show adequate detection of the analyte in the presence of the sample
matrix. The design and use of the procedure (e.g., limit test or quantitative test) should be
considered in these cases when proposing system suitability criteria. For example, RSD values
of 10% may not be routinely achievable for some trace level methods, and broader criteria may
need to be considered. 
As with assay procedures, other system suitability criteria such as tailing factor or theoretical
plates can be used for impurity procedures. However, a theoretical plate criterion should not be
used for gradient HPLC procedures when the peak elutes during the gradient portion of the
chromatogram. Lack of interferences from system peaks in a blank injection is not usually
included as a system suitability requirement in monographs but is a recommended practice,
especially for procedures employing gradient elution.

Dissolution and Content Uniformity 
Chromatographic procedures for dissolution or content uniformity are focused on quantitation of
the drug substance rather than impurities. System precision and Tailing Factor are usually
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sufficient system suitability parameters for these procedures. Justification of the need for other
parameters should be provided in monograph proposals.

ADDITIONAL CONSIDERATIONS 
USP Scientific Liaisons and Expert Committees often question the lack of some system
suitability parameters or the need for including some that are proposed as a monograph is being

developed. Questions such as making assay precision consistent with 621  or inclusion of a
sensitivity test for organic impurities are usually relayed to monograph sponsors for comment.
Scientific Liaisons and Expert Committees sometimes ask the USP laboratory to obtain data
regarding addition or revision of a requirement. Awareness of USP expectations and rapid
responses to questions can facilitate the development or revision of monographs. 
A general quality expectation is that system suitability needs to be demonstrated throughout a
chromatographic run. USP does not specify how this should be accomplished, so it is up to
laboratories using USP monographs to determine how this should be done. Common practices
include interspersing standard injections throughout the run to check precision and verify that
a stable instrument response has been maintained and injecting a resolution solution at the end
of the run to show that an adequate separation has been maintained. 
Of course, individual laboratories are free to perform system suitability tests that they may find
valuable in addition to those specified in the monograph. Some of these extra tests may, in
fact, be included in a firm's registered procedure, so the firm would be obligated to perform
them. However, USP monographs may be adequate as public standards without the need for
checking every parameter possible. Even well-designed system suitability tests may not, by
themselves, detect every possible failure mode of a chromatographic procedure. Other
laboratory practices, such as thorough data review, should be in place to identify problems with
data quality.

SUMMARY 
USP continues to improve the consistency in the development of monographs for drug
substances and products. This effort includes using consistent system suitability practices with
the realization that some procedures may require departures from the norm. Concepts
described in this article and updates to monograph submission guidelines are attempts to
communicate typical practices and expectations for new monograph or revision proposals. As
always, we encourage communication with USP Scientific Liaisons regarding questions about
the development of specific monographs.
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Please address comments on Pharmacopeial Forum content to
USP Executive Secretariat
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ISSN: 1542-1945

Pharmacopeial Forum is covered in Current Contents/Life Sciences and in the Science Citation
Index (SCI), in International Pharmaceutical Abstracts, and in Current Awareness in Biological
Sciences.

The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process

This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).

USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.

There are two types of proposed revisions in PF:

1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the In-
Process Revision section for current proposed revisions.

2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.

USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
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The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).

HOW TO USE PF

The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).

Proposed and Adopted Revisions to the USP–NF

Section Content How Readers Can Respond
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Proposed
Interim
Revision
Announcements

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

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

In-Process
Revision

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

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-998-
6839 or stdsmonographs@usp.org.
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Stage 4
Harmonization

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

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

Stimuli to the
Revision
Process

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

Review material and provide comments to the
recipient indicated (usually footnoted in each
Stimuli article).

Other Sections

Expert Committees 
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)

Staff Directory 
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements

This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.

Each proposal is preceded by a Briefing that indicates the proposed revisions.

Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text

Where the symbols appear together with no enclosed text, such as

, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-Apr-2011)

BRIEFING

Acetaminophen, page 5927 of the First Supplement to USP 36. On the basis of comments
received, it is proposed to make the following changes:

1. Revise the relative response factors for acetaminophen related compound B and
acetaminophen related compound C and clarify the relative response factor for the
individual unspecified impurity in the test for Organic Impurities, based on validation
data.

2. Clarify the Detector in the Assay procedure.
3. Change “p-aminophenol” to “4-aminophenol” in the test for Limit of Free p-Aminophenol

to be consistent with the USP nomenclature.
4. Specify the use of glacial acetic acid in Solution A and Solution B in the test for Organic

Impurities, based on validation data.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

The comment period for this revision ends on January 31, 2014. In the absence of significant
adverse comments, it is proposed to implement this revision through an Interim Revision
Announcement, with an official date of May 1, 2014.

(SM2: H. Cai.)
Correspondence Number—C135447

Comment deadline: January 31, 2014
Acetaminophen
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C8H9NO2       151.16 

Acetamide, N-(4-hydroxyphenyl)-;     
4¢-Hydroxyacetanilide     [103-90-2].

DEFINITION

Change to read:

Acetaminophen contains NLT 98.0% and NMT
102.0%

of acetaminophen (C8H9NO2), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Delete the following:

•  C. Thin-Layer Chromatographic Identification Test 201
Sample solution:  1 mg/mL in methanol
Developing solvent system:  Methylene chloride and methanol (4:1)
Acceptance criteria:  Meets the requirements of the test

ASSAY

Change to read:
•  Procedure 
Use low-actinic glassware for preparation of the Sample solution.

Solution A:  1.7 g/L of monobasic potassium phosphate and 1.8 g/L of dibasic sodium
phosphate, anhydrous

Solution B:  Methanol
Mobile phase:  See Table 1.

Table 1

1S (USP36)

1S (USP36)

1S (USP36)

1S (USP36)
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Time
(min)

Solution A
(%)

Solution B
(%)

0.0 99 1
3.0 99 1
7.0 19 81
7.1 99 1
10.0 99 1

Standard solution:  0.1 mg/mL of USP Acetaminophen RS in methanol
Sample solution:  0.1 mg/mL of Acetaminophen in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  230
UV 230 nm

Column:  4.6-mm × 10-cm; 3.5-µm packing L7

Column temperature:  35
Flow rate:  1.0 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of acetaminophen (C8H9NO2) in the portion of Acetaminophen
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
CU= concentration of Acetaminophen in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:

•  Chloride and Sulfate, Chloride 221
Sample solution:  Shake 1.0 g of Acetaminophen with 25 mL of water, filter, and add 1 mL

of 2 N nitric acid and 1 mL of silver nitrate TS.
Acceptance criteria:  The filtrate shows no more chloride than corresponds to 0.20 mL of

(IRA 1-May-2014)

1S (USP36)
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0.020 N hydrochloric acid (0.014%).

Delete the following:

•  Chloride and Sulfate, Sulfate 221
Sample solution:  Shake 1.0 g of Acetaminophen with 25 mL of water, filter, and add 2 mL

of 1 N acetic acid, then add 2 mL of barium chloride TS.
Acceptance criteria:  The mixture shows no more sulfate than corresponds to 0.20 mL of

0.020 N sulfuric acid (0.02%).

Delete the following:
•  Sulfide

Sample:  2.5 g
Analysis:  Place the Sample in a 50-mL beaker. Add 5 mL of alcohol and 1 mL of 3 N

hydrochloric acid. Moisten a piece of lead acetate test paper with water, and fix to the
underside of a watch glass. Cover the beaker with the watch glass so that part of the
lead acetate paper hangs down near the pouring spout of the beaker. Heat the contents
of the beaker on a hot plate just to boiling.

Acceptance criteria:  No coloration or spotting of the test paper occurs.

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Limit of Free p-Aminophenol

4-Aminophenol
Solution A, Solution B, Mobile phase, and Chromatographic system:  Proceed as
directed in the Assay.
Standard solution:  1.25 µg/mL of USP 4-Aminophenol RS in methanol
Sample solution:  25 mg/mL of Acetaminophen in methanol
System suitability 

Sample:  Standard solution
[Note—The relative retention times for p-aminophenol
4-aminophenol

and acetaminophen are 0.6 and 1.0, respectively.]
Suitability requirements 

Relative standard deviation:  NMT 5.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of 4-aminophenol (C6H7NO)

in the portion of Acetaminophen taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of 4-aminophenol from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP 4-Aminophenol RS in the Standard solution (µg/mL)
CU= concentration of Acetaminophen in the Sample solution (µg/mL)

Acceptance criteria:  NMT 0.005%

1S (USP36)

1S (USP36)

1S (USP36)

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)

1S (USP36)
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Change to read:
•  Organic Impurities

Solution A:  Methanol, water,
glacial

acetic acid (50:950:1)
Solution B:   Methanol, water,
glacial

acetic acid (500:500:1)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 82 18
8 82 18
53 0 100
58 0 100
59 82 18
73 82 18

Diluent:  Methanol
System suitability solution:  20 µg/mL of USP Acetaminophen RS, and 80 µg/mL each

of USP Acetaminophen Related Compound B RS and USP Acetaminophen Related
Compound C RS in Diluent

Standard solution:  1.25 µg/mL of USP Acetaminophen Related Compound D RS and 0.25
µg/mL of USP Acetaminophen Related Compound J RS in Diluent

Sample solution:  25 mg/mL of Acetaminophen in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  0.9 mL/min

Column temperature:  40
Injection volume:  5 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 3 for relative retention time values.]
Suitability requirements 

Tailing factor:  NMT 2.0 for acetaminophen related compound D, Standard solution
Resolution:  NLT 2.0 between acetaminophen and acetaminophen related compound

B; NLT 1.5 between acetaminophen related compound B and acetaminophen related
compound C, System suitability solution

Relative standard deviation:  NMT 5.0% for acetaminophen related compound D,
Standard solution

Analysis 
Samples:  Standard solution and Sample solution

(IRA 1-May-2014)

(IRA 1-May-2014)
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Calculate the percentage of acetaminophen related compound J in the portion of
Acetaminophen taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of acetaminophen related compound J from the Sample solution
rS= peak response of acetaminophen related compound J from the Standard solution
CS= concentration of USP Acetaminophen Related Compound J RS in the Standard

solution (µg/mL)
CU= concentration of Acetaminophen in the Sample solution (µg/mL)

Calculate the percentage of acetaminophen related compounds B, C, and D and any
unspecified impurity in the portion of Acetaminophen taken:

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

rU= peak response of each specified or unspecified impurity from the Sample solution
rS= peak response of acetaminophen related compound D from the Standard solution
CS= concentration of USP Acetaminophen Related Compound D RS in the Standard

solution (µg/mL)
CU= concentration of Acetaminophen in the Sample solution (µg/mL)
F = relative response factor for each impurity shown in Table 3

Acceptance criteria:  See Table 3.
[Note—The relative retention times and relative response factors in Table 3 (where
applicable) are calculated relative to those of acetaminophen related compound D.]

Table 3

Name

Relative
Retention

Time* Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Acetaminophen 0.43 — —
Acetaminophen related compound

Ba 0.67
1.0

1.2 0.05

Acetaminophen related compound
Cb 0.71

1.0
0.38

0.05
Acetaminophen related compound

Dc 1.0 1.0 0.05
Acetaminophen related compound

Jd 1.73
—

0.001

Individual unspecified impurity — —
1.0 0.05

Total impurities — — 0.1

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)
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a  N-(4-Hydroxyphenyl)propanamide.
b  N-(2-Hydroxyphenyl)acetamide.
c  N-Phenylacetamide.
d  N-(4-Chlorophenyl)acetamide (p-chloroacetanilide).
*  Calculated relative to acetaminophen related compound D.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 168 –172  

Delete the following:

•  Water Determination, Method I 921 : NMT 0.5% 

Add the following:

•  Loss on Drying 731

Analysis:  Dry at 105  to constant weight.
Acceptance criteria:  NMT 0.5%

Delete the following:

•  Readily Carbonizable Substances Test 271 : Dissolve 0.50 g in 5 mL of sulfuric acid:
the solution has no more color than Matching Fluid A. 

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at room

temperature. Protect from moisture and heat.

Change to read:

•  USP Reference Standards 11
USP Acetaminophen RS 
USP Acetaminophen Related Compound B RS  

N-(4-Hydroxyphenyl)propanamide. 
C9H11NO2      165.19

USP Acetaminophen Related Compound C RS  
N-(2-Hydroxyphenyl)acetamide. 
C8H9NO2        151.16

USP Acetaminophen Related Compound D RS  
N-Phenylacetamide. 
C8H9NO       135.17

USP Acetaminophen Related Compound J RS  
N-(4-Chlorophenyl)acetamide (p-chloroacetanilide). 
C8H8ClNO       169.61

USP 4-Aminophenol RS  

(IRA 1-May-2014)

1S (USP36)

1S (USP36)

1S (USP36)

1S (USP36)

1S (USP36)
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C6H7NO       109.13

BRIEFING

Loperamide Hydrochloride Oral Solution, USP 36 page 4136. Comments were received
indicating that the excipient matrix may interfere with the Infrared Absorption Identification
test. To address these comments, it is proposed to revise the Acceptance criteria and
include the list of characteristic bands expected to be present in the spectrum. The
preparation of the Sample is also modified to provide more flexibility in order to
accommodate different formulations.

In addition, the following changes are proposed in the Assay:

1. Revise the description of the column based on comments received that chromatographic
columns with the dimensions currently specified are no longer available.

2. Clarify the concentration of phosphoric acid used for pH adjustment of the Mobile
phase.

In addition, editorial changes have been made to make the monograph consistent with current
USP style.

The comment period for this revision ends January 31, 2014. In the absence of any significant
adverse comments, it is proposed to implement this revision via an Interim Revision
Announcement, with an official date of May 1, 2014.

(SM3: E. Gonikberg.)
Correspondence Number—C128336

Comment deadline: January 31, 2014
Loperamide Hydrochloride Oral Solution

DEFINITION

Loperamide Hydrochloride Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amount of loperamide hydrochloride (C29H33ClN2O2·HCl).

IDENTIFICATION

Change to read:

•  A. Infrared Absorption 197K
Sample:  Transfer a volume of Oral Solution equivalent to 24 mg of loperamide hydrochloride
containing a suitable amount of loperamide hydrochloride (typically 12–24 mg)

to a separator containing about 100 mL of water and 1 mL of
50%

sodium hydroxide solution, (1 in 2)

and gently swirl the contents. Add 50 mL of methylene chloride, shake gently by hand,
releasing pressure often, and then shake by mechanical means for 20 min. Allow the layers
to separate. Transfer the lower methylene chloride layer to a separator containing 100 mL
of water. Shake gently by hand, releasing pressure often, and then shake by mechanical
means for 10 min. Allow the layers to separate. Transfer the lower methylene chloride

1S (USP36)

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)
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layer to a 250-mL beaker, and evaporate to dryness on a steam bath with the aid of a
current of air. Add 10 mL of methanol and 500 mg of potassium bromide to the beaker.
Evaporate to dryness on a steam bath with the aid of a current of air, and use the
residue.
Acceptance criteria:  The spectrum obtained from the Sample shows bands at
approximately 3400 cm−1, 2929 cm−1, 1624 cm−1, and 1493 cm−1, similar to the
spectrum from a Standard similarly obtained.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  3.0 g/L of monobasic potassium phosphate in water
Mobile phase:  Acetonitrile and Buffer (37:63), adjusted with 0.9 M
5%

phosphoric acid to a pH of 3.0
Standard stock solution:  Prepare 2 mg/mL of USP Loperamide Hydrochloride RS in

methanol. Dilute this solution with water to obtain a 0.1-mg/mL solution.
Standard solution:  0.01 mg/mL of USP Loperamide Hydrochloride RS in Mobile phase from

the Standard stock solution
Sample solution:  Nominally 0.01 mg/mL of loperamide hydrochloride from Oral Solution,

prepared as follows. Transfer a volume of Oral Solution, equivalent to about 1.0 mg of
loperamide hydrochloride, to a 100-mL volumetric flask. Dilute with Mobile phase to
volume, mix, and filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.0-mm × 8.0-cm; 5-µm
4.6-mm × 7.5-cm; 3.5-µm packing L7 or 4.6-mm × 12.5-cm; 5-µm

packing L7
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of loperamide hydrochloride
(C29H33ClN2O2·HCl) in the portion of Oral Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution

(IRA 1-May-2014)

(IRA 1-May-2014)

(IRA 1-May-2014)
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rS= peak area from the Standard solution
CS= concentration of USP Loperamide Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of loperamide hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

OTHER COMPONENTS

•  Alcohol Determination, Method II 611  (if present): 90.0%–110.0% of the labeled
amount of alcohol (C2H5OH)

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905
For single-unit containers 

Acceptance criteria:  Meets the requirements

•  Deliverable Volume 698
For multiple-unit containers 

Acceptance criteria:  Meets the requirements

SPECIFIC TESTS

•  pH 791 : 2.7–6.5

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight, light-resistant containers. Store below 40 ,

preferably between 15  and 30 , unless otherwise specified by the manufacturer.

•  USP Reference Standards 11
USP Loperamide Hydrochloride RS 

In-Process Revision

This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.

Briefings Each Proposal is preceded by a Briefing in the following format:

Briefing 

Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
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(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text

if slated for an IRA;
new text

if slated for USP–NF;
new text

if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
 

, or
 

, or

, it means that text has been deleted and no new text was proposed to replace it.

In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 

2S (USP 34) indicates that the proposed revision is slated for the Second Supplement to USP 34,
and 
USP35 and NF30 indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.

BRIEFING

7  Labeling, PF 38(1) [Jan.–Feb. 2012] and PF 38(6) [Nov.–Dec. 2012]. The previous
proposal in PF 38(1) was canceled and a new proposal was published in PF 38(6). This new

proposed general chapter Labeling 7  provides definitions and standards for labeling of official
articles. Standards for an article recognized in USP–NF are expressed in the article's monograph,
applicable general chapters, and General Notices and Requirements. It is intended that all

articles in USP or NF will be subject to the labeling requirements specified in 7  by means of a
forthcoming provision in General Notices and Requirements section 10, unless different
requirements are provided in a specific monograph. As with compendial standards for naming
and identity, and strength, quality and purity, compendial requirements for labeling also have a
role in the adulteration and misbranding provisions of federal law [see the Federal Food, Drug,
and Cosmetic Act (FDCA) sections 501(b), 502(e)(3)(b), 502(g & h), and 21 Code of Federal
Regulations 299.5]. On the basis of comments received, this general chapter is being revised to
include new provisions and edits to previously proposed revisions. Revisions and edits include:

Adding a section for labeling drug products that are expressed as the active moiety
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in name and strength.
Formatting labeling information to distinguish labels and labeling for injectables from

other product categories.
Adding a provision that eliminates the use of ratio expressions on the label and that

the strength shall be labeled only in terms of strength per mL. Due to reported
occurrences of medication errors, the section on Local Anesthetic and Epinephrine
Injections will be added.

Adding the section on Pharmacy Bulk Package to the Labels and Labeling for

Injectable Products section from general chapter Injections 1  which was omitted in
the prior posting of this proposed general chapter, PF 38(1).

Adding a section on Compounded Preparations to the Labeling for Products and
Other Categories section regarding nomenclature for labeling.

Maintaining the inclusion of the Special Capsules and Tablets section to allow for
innovative and novel dosage forms.

Referencing general chapter Prescription Container Labeling 17 .
Providing a cross reference to general labeling information located in General Notices

and Requirements.
Additionally, minor editorial changes have been made to update the chapter to current USP

style.

As stated in the previous briefing to this general chapter, the Nomenclature, Safety and
Labeling Expert Committee has relocated all labeling requirements from the Preservation,
Packaging, Storage, and Labeling section in General Notices and Requirements and also general

chapter 1  to create this new general chapter. Note that USP is not seeking comment or
changes to the section on Ferrules and Cap Overseals for labeling standards, which becomes

official in 1  on December 1, 2013. Many monographs have unique labeling requirements, in
addition to these general requirements.

(PS: D. Bohannon.)
Correspondence Number—C138392

Comment deadline: January 31, 2014

Add the following:

7  LABELING

DEFINITION

The term labeling designates all labels and other written, printed, or graphic matter on an
article's immediate container or on or in any package or wrapper in which it is enclosed, except
any outer shipping container. The term label designates that part of the labeling on the
immediate container.

A shipping container that contains a single article, unless the container also is essentially the
immediate container or the outside of the consumer package, must be labeled with a minimum
of product identification (except for controlled articles), lot number, expiration date, and
conditions for storage and distribution.
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In addition to compendial requirements, articles in USP–NF also are subject to compliance with
more comprehensive labeling requirements promulgated by governmental bodies.

LABELS AND LABELING FOR INJECTABLE PRODUCTS

The label states the following information:
name of the preparation
in the case of a liquid preparation, the percentage content of drug or amount of drug in
a specified volume
in the case of a dry preparation, the amount of active ingredient drug substance
route(s) of administration
name and quantity of all inactive ingredients
statement of storage conditions and expiration date
name and place of business of the manufacturer, or packer, or distributor
identifying lot number.

The lot number must be traceable to the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and labeling operations. 
If the individual monograph permits varying concentrations of active ingredient drug substance
in a large-volume parenteral (LVP) injection (LVI), , the concentration of each ingredient named
in the official title is stated as if it were part of the official title, e.g., (Dextrose Injection 5%,
or Dextrose (5%) and Sodium Chloride (0.2%) Injection). 
If the complete formula is not specified in the individual monograph, the label includes the
following information: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent must be added before use, the amount of each ingredient, the composition of
recommended diluent(s) [the name(s) alone if the formula is specified in the individual
monograph], the amount that will be used to attain a specific concentration of active
ingredient, the final volume of solution, a brief description of the physical appearance of the
constituted solution, directions for proper storage of the constituted solution, and an expiration
or beyond-use date (see Expiration Date and Beyond-Use Date). 
Containers for injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L should be labeled to indicate that the
contents are not intended for use by intravenous infusion. 
Injections that are intended for veterinary use only should be labeled to that effect. 
The container shall be labeled so that a sufficient area of the container remains uncovered for
its full length or circumference to permit inspection of the contents.

Strength and Total Volume for Single- and Multiple-Dose Injectable Drug Products

For single- and multiple-dose injectable drug products, the strength per total volume should be
the primary and prominent expression on the principal display panel of the label, followed in
close proximity by strength per mL enclosed by parentheses. For containers that hold a volume
of less than 1 mL, the strength per fraction of an mL should be the only expression of strength.
Strength per single mL should be expressed as mg/mL, not mg/1 mL. 
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The following formats are acceptable for contents of greater than 1 mL:

total strength/total volume: 500 mg/10 mL 
strength/mL: 50 mg/mL 
or 
total strength/total volume: 25,000 Units/5 mL 
strength/mL: 5000 Units/mL.

The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL. 
There are some exceptions to expressing strength per total volume. In certain cases, the
primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). Another example is the use of lidocaine
or similar drugs for local anesthesia where the product is ordered and administered by
percentage (e.g., 1% or 2%). In such cases, the total strength should be expressed: for
example, 1% (100 mg/10 mL). Dry solids that must be reconstituted should follow the same
format with the exception that only the total strength of the drug should be listed, not the
strength/total volume or strength/mL.

Ferrules and Cap Overseals

Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that ensures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:

1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute before Using.” The cautionary
statement should be printed in a contrasting color and should be clearly visible under
ordinary conditions of use.

2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.

3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
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Official December 1, 2013

Potassium Chloride for Injection Concentrate

The use of a black closure system on a vial (e.g., a black cap overseal and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampoule is prohibited, except for Potassium Chloride for Injection
Concentrate.

Neuromuscular Blocking and Paralyzing Agents

All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules and cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.

Aluminum in Large-Volume Parenterals Injections, Small-Volume Parenterals
Injections, and Pharmacy Bulk Packages Used in Total Parenteral Nutrition Therapy

1. The aluminum content of large-volume parenterals (LVPs) LVIs used in total parenteral
nutrition (TPN) therapy must not exceed 25 mcg/L.

2. The package insert of LVPs LVIs used in TPN therapy must state that the drug product
contains no more than 25 mcg of aluminum per L. This information must be contained in
the Precautions section of the labeling of all LVPs LVIs used in TPN therapy.

3. If the maximum amount of aluminum in small-volume parenterals (SVPs) injections (SVIs)
and pharmacy bulk packages (PBPs) is 25 mcg/L or less, instead of stating the exact
amount of aluminum that each contains, as in paragraph (4), the immediate container
label for SVPs SVIs and PBPs used in the preparation of TPN parenterals injections (with
exceptions as noted below) may state: “Contains no more than 25 mcg/L of aluminum.”
If the SVP SVI or PBP is a lyophilized powder, the immediate container label may state
the following: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than 25 mcg/L.”

4. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVPs SVIs and PBPs used in the preparation of TPN parenterals injections and
injectable emulsions. The aluminum content must be stated as follows: “Contains no
more than ___ mcg/L of aluminum.” The immediate container label of all SVPs SVIs and
PBPs that are lyophilized powder used in the preparation of TPN solutions must contain
the following statement: “When reconstituted in accordance with the package insert
instructions, the concentration of aluminum will be no more than ___ mcg/L.” This
maximum amount of aluminum must be stated as the highest one of the following three
levels:

The highest level for the batches produced during the past three years
The highest level for the latest five batches
The maximum level in terms of historical levels, but only until completion of
production of the first five batches.after 26 July 2004.
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The package insert for all LVPs, SVPs, LVIs, SVIs, and PBPs used in the preparation of TPN
products shall contain the following statement in the Warning section of the label: 
WARNING: This product contains aluminum that may be toxic. Aluminum may reach toxic levels
with prolonged parenteral administration if kidney function is impaired. Premature neonates are
particularly at risk because their kidneys are immature, and they require large amounts of
calcium and phosphate solutions that contain aluminum. 
Research indicates that patients with impaired kidney function, including premature neonates,
who receive parenteral levels of aluminum at greater than 4 to 5 mcg/kg/day accumulate
aluminum at levels associated with central nervous system and bone toxicity. Tissue loading
may occur at even lower rates of administration of TPN products.

LABELING FOR PRODUCTS AND OTHER CATEGORIES

Amount of Ingredient per Dosage Unit

The strength of a drug product is expressed on the container label in terms of micrograms or
milligrams or grams or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts then are provided in
the labelingon the container label and in the labeling. 
Official articles in capsule, tablet, or other dosage forms shall be labeled to express the
quantity of each active ingredient or recognized nutrient contained in each unit. An exception
involves unit-dose Unit-dose oral solutions or suspensions (whether supplied as liquid
preparations or as liquid preparations that are constituted from solids upon addition of a
designated volume of a specific diluent) For these products the label shall shall be labeled to
express the quantity of each active ingredient or recognized nutrient delivered under the

conditions prescribed in Deliverable Volume 698 . Official drug products not in unit dose form
packaging shall be labeled to show the quantity of each active ingredient in each milliliter or in
each gram or to express the percentage of each such ingredient (see General Notices 8.140,
Percentage Concentrations). Exceptions are oral liquids or solids intended to be constituted to
yield oral liquids that, alternatively, can be labeled in terms of each 5-mL portion of the liquid or
resulting liquid. Unless otherwise indicated in a monograph or chapter, declarations of strength
or quantity shall be stated only in metric units. See also General Notices 5.50.10, Units of
Potency (Biological).

Expiration Date and Beyond-Use Date

The label of an official drug product or nutritional or dietary supplement product shall bear an
expiration date. All products shall display the expiration date so that it can be read by an
ordinary individual under customary conditions of purchase and use. The expiration date shall
be prominently displayed in high contrast to the background, or it shall be sharply embossed
and easily understood (e.g., “EXP 6/12,” “Exp. June 12,” or “Expires 6/12”). 
The monographs for some preparations state how the labeled expiration date shall be
determined. In the absence of a specific requirement in the individual monograph for a drug
product or nutritional supplement, the label shall bear an expiration date assigned for the
particular formulation and package of the product, with the following exceptions: the label need
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not show an expiration date if the drug product or nutritional supplement is packaged in a
container that is intended for sale without prescription, if the labeling states no dosage
limitations, and if the product or supplement is stable for not less than 3 years when stored
under the prescribed conditions. 
If an official product is required to bear an expiration date, the product shall be dispensed
solely in or from a container labeled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expiration date identifies the time
during which the article can be expected to meet the requirements of the compendial
monograph, provided it is kept under the prescribed storage conditions. The expiration date
limits the time during which the article may be dispensed or used. If an expiration date is stated
only in terms of the month and the year, then the intended expiration date is the last day of
the stated month. 
The beyond-use date is the date after which a product shall not be used. The dispenser shall
place on the label of the prescription container a suitable beyond-use date to limit the patient's
use of the article based on any information supplied by the manufacturer or this subsection. .
The beyond-use date shall not be later than the expiration date on the manufacturer's
container. Also see the Compounded Preparations subsection below. 
For articles that require constitution before use, a suitable beyond-use date for the constituted
product shall be identified in the labeling. 
For all other dosage forms, in determining a beyond-use date the dispenser shall take into
account, in addition to any other relevant factors:

nature of the drug
container in which it was packaged by the manufacturer and the expiration date
thereon
characteristics of the patient's container, if the article is repackaged for dispensing
expected storage conditions to which the article may be exposed
unusual storage conditions to which the article may be exposed
expected length of the course of therapy.

After considering these factors, the dispenser shall label a container with a suitable beyond-use
date to limit the patient's use of the article. Unless otherwise specified in the individual
monograph or in the absence of stability data to the contrary, the beyond-use date shall be
not later than (a) the expiration date on the manufacturer's container or (b) 1 year from the
date the drug is dispensed, whichever is earlier. For nonsterile solid and liquid dosage forms
that are packaged in single-unit and unit-dose containers, the beyond-use date shall be 1 year
from the date the drug is packaged into the single-unit or unit-dose container or the expiration
date on the manufacturer's container, whichever is earlier, unless stability data or the
manufacturer's labeling indicates otherwise. 
The dispenser shall maintain packaging and storage facilities at a mean kinetic temperature not

greater than 25 . The plastic material used in packaging the dosage forms shall afford better
protection than polyvinyl chloride, which does not adequately protect against moisture
permeation. Dispensers shall keep records of the temperature of the facility where the dosage
forms are stored and of the plastic materials used in packaging.

Compounded Preparations

The label on the container or package of an official compounded preparation shall bear a
beyond-use date after which the compounded preparation should not be used. Because
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compounded preparations are intended for administration immediately or following short-term
storage, their beyond-use dates may be assigned, in lieu of an expiration date, based on
criteria that are different from those applied to manufactured drug products. 
The monograph for an official compounded preparation typically includes a specified beyond-use
date. The beyond-use date states the time following the date of compounding during which the
preparation, when properly stored, can be used. In the absence of stability information,
beyond-use dating should be assigned as recommended in general chapter Pharmaceutical

Compounding—Nonsterile Preparations 795 , Stability Criteria and Beyond-Use Dating.in

general chapter Pharmaceutical Compounding—Nonsterile Preparations 795 , Stability of
Compounded Preparations.

Use of Leading and Terminal Zeros

To help minimize the possibility of errors in drug dispensing and administration, when the
quantity of active ingredient is expressed in whole numbers it shall be shown without a decimal
point followed by a terminal zero (e.g., express as 4 mg, not 4.0 mg). When the quantity of
active ingredient is expressed as a decimal number smaller than 1, it shall be shown with a zero
preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).

Labeling for Product Categories

Alcohol

The alcohol content in a liquid preparation shall be stated on the label as a percentage (v/v) of
C2H5OH.

Botanicals

The label of a herb or other botanical intended for use as a dietary supplement shall bear the
statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product.”

Electrolytes

The concentration and dosage of electrolytes for replacement therapy (e.g., sodium chloride or
potassium chloride) shall be stated on the label in milliequivalents (mEq). The label of the
product shall indicate also the quantity of ingredient(s) in terms of weight or percentage
concentration.

Parenteral Injectable and Topical

A product intended for parenteral injection or topical use shall state the names of all added
substances (see General Notices 5.20, Added Substances, Excipients, and Ingredients) and, in
the case of parenteral injection preparations, also their amounts or proportions, except that for
substances added for adjustment of pH or to achieve isotonicity, the label may indicate only
their presence and the reason for their addition.

Salts of Drugs
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It is an established principle that official articles shall have only one official title (see separate
compendial nomenclature requirements). For purposes of saving space on labels and because
chemical symbols for the most common inorganic salts of drugs are well known to practitioners,
the following alternatives are permitted in labeling official articles that are salts: HCl for
hydrochloride; HBr for hydrobromide; Na for sodium; and K for potassium. The symbols Na and K
are intended for use in abbreviating names of the salts of organic acids, but these symbols are
not used when the word Sodium or Potassium appears at the beginning of an official title (e.g.,
Phenobarbital Na is acceptable, but Na Salicylate is not).

Special Capsules and Tablets

The label of any form of Capsule or Tablet intended for administration other than by swallowing
intact shall bear a prominent indication of the manner in which it should be used.

Products That Contain Vitamins

The vitamin content of an official drug product shall be stated on the label in metric units per
dosage unit. The amounts of vitamins A, D, and E also may be stated in USP Units. Quantities
of vitamin A declared in metric units refer to the equivalent amounts of retinol (vitamin A
alcohol). The label of a nutritional supplement shall bear an identifying lot number, control
number, or batch number.

Controlled Room Temperature

Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ”, or other

wording based on the same mean kinetic temperature. (See also Pharmaceutical Stability 

1150  and Packaging and Storage Requirements 659 .)

Light-Resistant Container

The label on a light-resistant container (see Containers—Performance Testing 671 , Light
Transmission Test) shall bear a statement that the opaque covering is needed until the
contents are to be used or administered. Where it is directed to “protect from light” in an
individual monograph, preservation in a light-resistant container is intended (see Packaging and

Storage Requirements 659 ).

Single-Unit Container

Each single-unit container shall be labeled to indicate the identity; quantity and/or strength,
name of the manufacturer, lot number, NDC designation, bar codes, and expiration date of the

article (see also Packaging and Storage Requirements 659 ).

Repackaged Single-Unit Container

When repackaged, each single-unit or unit-dose container bears a separate label, unless the
device holding the unit-dose form does not allow for the removal or separation of the intact
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single-unit or unit-dose container there from. It is the responsibility of the dispenser, taking
into account the nature of the drug repackaged, any packaging and expiration dating
information in the manufacturer's product labeling, the characteristics of the containers, and
the storage conditions to which the article may be subjected, to place a suitable expiration
date on the label. Repackaged dosage forms must bear on their labels expiration dates as
determined from information in the product labeling (see Expiration Date and Beyond-Use Date
section).

Single-Dose Container

A single-dose container shall be labeled as such for articles intended for injection administration
only.

Unit-of-Use Container

A unit-of-use container shall be labeled to be dispensed as such without further modification

except for the addition of appropriate labeling (see also Packaging and Storage Requirements

659 ).

Protection from Freezing

The container label shall bear an appropriate instruction to protect the article from freezing if
subject to loss of strength or potency, or to destructive alteration of its characteristics (see

also Packaging and Storage Requirements 659 ).

GENERAL LABELING

Users are reminded to always refer to the General Notices in assessing or applying any
compendial standards. With regard to labeling, for example, the General Notices addresses a
number of labeling-related aspects, among them 3.20 “Indicating Conformance” (when an
article may be labeled USP, NF, or USP–NF, and requirements related to differences in identity,
strength, quality, or purity); 5.20.10 “Added Substances, Excipients, and Ingredients in Official
Substances”; 6.70 “Reagents”; and 8.240 “Weights and Measures” (e.g., microgram may be
labeled either µg or mcg. For labeling or prescribing purposes, “mcg” is preferred).

DEFINITION

The term labeling designates all labels and other written, printed, or graphic matter on an
article's immediate container or on, or in, any package or wrapper in which it is enclosed,
except any outer shipping container. The term label designates that part of the labeling on the
immediate container. 
A shipping container that contains a single article, unless the container also is essentially the
immediate container or the outside of the consumer package, must be labeled with a minimum
of product identification (except for controlled articles), lot number, expiration date, and
conditions for storage and distribution. 
In addition to compendial requirements, articles in USP–NF are also subject to compliance with
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more comprehensive labeling requirements promulgated by governmental bodies.

LABELS AND LABELING FOR DRUG PRODUCTS EXPRESSED AS ACTIVE MOIETY IN NAME
AND STRENGTH

Drug products and compounded preparations shall be expressed in terms of the active moiety

and its corresponding strength on the label (see Nomenclature 1121 , Monograph Naming
Policy).

Exceptions: In those rare cases in which the use of the specific salt form of the active moiety
in the title provides vital information from a clinical perspective, an exception to this Policy may
be considered. In such cases, where the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation is also expressed in terms of the
specific salt form on the label.

Labeling: The labeling clearly states the specific salt form of the active moiety that is present
in the product/preparation, as this information may be useful to practitioners and patients. The
names and strengths of both the active moiety and specific salt form (where applicable) are
provided in the labeling.

LABELS AND LABELING FOR INJECTABLE PRODUCTS

The label and the labeling state the following information:
Name of the preparation
In the case of a liquid preparation, the quantity or proportion of each drug substance in
a specified volume
In the case of a dry preparation, the quantity or proportion of each drug substance
Route(s) of administration
Name and quantity of all inactive ingredients. Ingredients added to adjust the pH or to
make the drug isotonic may be declared by name with a statement of their effect and a
statement of storage conditions
Name and place of business of the manufacturer, or packer, or distributor
Identifying lot number and expiration date
“RX only”
The recommended or usual dosage.

The lot number must be traceable to the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and labeling operations. If the individual
monograph permits varying concentrations of drug substance in a large-volume injection (LVI),
the concentration of each ingredient named in the official title is stated as if it were part of the
official title [e.g., Dextrose Injection 5%, or Dextrose (5%) and Sodium Chloride (0.2%)
Injection]. 
The labeling shall include the following information: (1) In the case of a liquid preparation, the
percentage content of each ingredient or the amount of each ingredient in a specified volume,
except the ingredients added to adjust to a given pH or to make the solution isotonic, may be
declared by name and a statement of their effect; and (2) in the case of a dry preparation or
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other preparation to which a diluent must be added before use, the amount of each ingredient,
the composition of recommended diluent(s) [the name(s) alone if the formula is specified in the
individual monograph], the amount that will be used to attain a specific concentration of active
ingredient, the final volume of solution, directions for proper storage of the constituted
solution, and an expiration or beyond-use date (see the section Expiration Date and Beyond-
Use Date). 
Containers for injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions, and that contain a volume of more than 1 L, should be labeled to indicate that the
contents are not intended for use by intravenous infusion. 
Injections that are intended for veterinary use only should be labeled to that effect. The
container shall be labeled so that a sufficient area of the container remains uncovered for its
full length or circumference to permit inspection of the contents.

Strength and Total Volume for Single- and Multiple-Dose Injectable Drug Products

For single- and multiple-dose injectable drug products, the strength per total volume should be
the primary and prominent expression on the principal display panel of the label, followed in
close proximity by strength per mL enclosed by parentheses. For containers that hold a volume
of less than 1 mL, the strength per fraction of a mL should be the only expression of strength.
Strength per single mL should be expressed as mg/mL, not mg/1 mL. The following formats are
acceptable for contents of greater than 1 mL:

Total strength/total volume: 500 mg/10 mL 
Strength/mL: 50 mg/mL 
or 
Total strength/total volume: 25,000 Units/5 mL 
Strength/mL: 5000 Units/mL.

The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL. 
There are some exceptions to expressing strength per total volume. In certain cases, the
primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). Another example is the use of lidocaine
(or similar drugs for local anesthesia where the product is ordered and administered by
percentage (e.g., 1% or 2%). In such cases, the total strength should be expressed: for
example, 1% (100 mg/10 mL). Dry solids that must be reconstituted should follow the same
format with the exception that only the total strength of the drug should be listed, not the
strength/total volume or strength/mL.

Local Anesthetic and Epinephrine Injections

When combined with a local anesthetic, the concentration of epinephrine will be expressed as a
ratio.

Ratio Expression

Single-entity drug products that can also be expressed as a ratio, such as epinephrine, shall be
labeled only in terms of strength/mL. A ratio expression such as 1:1000 is an unacceptable
format for single-entity drug products.
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Examples:

Epinephrine Injection, USP, 1:1000 shall be expressed as 1 mg/mL 
Epinephrine Injection, USP, 1:10,000 shall be expressed as 0.1 mg/mL 
Isoproterenol Hydrochloride Injection, USP, 1:5000 shall be expressed as 0.2 mg/mL 
Neostigmine Methylsulfate Injection, 1:1000 shall be expressed as 1 mg/mL

Pharmacy Bulk Package

Where a container is offered as a Pharmacy Bulk Package, the label shall: (a) state prominently
“Pharmacy Bulk Package—Not for direct infusion”; (b) contain or refer to information on proper
techniques to help assure safe use of the product; and (c) bear a statement limiting the time
frame in which the container may be used once it has been entered, provided it is held under

labeled storage conditions (see Packaging and Storage Requirements 659 ).

Ferrules and Cap Overseals

Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to the labeling of
injectable products, and one that ensures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:

1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap, but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include, but are
not limited to: “Warning—Paralyzing Agent” and “Dilute before Using.” The cautionary
statement should be printed in a contrasting color and should be clearly visible under
ordinary conditions of use.

2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.

3. Other statements or features including, but not limited to, identifying numbers or
letters, such as code numbers, lot numbers, company names, logos, or product names,
etc., may appear on the side (skirt) surface of the ferrule on vials containing injectable
products, but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.

Potassium Chloride for Injection Concentrate
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The use of a black closure system on a vial (e.g., a black cap overseal and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampul is prohibited, except for Potassium Chloride for Injection Concentrate

(see Packaging and Storage Requirements 659 ).

Neuromuscular Blocking and Paralyzing Agents

All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules and cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.

Aluminum in Large-Volume Injections (LVIs), Small-Volume Injections (SVIs), and
Pharmacy Bulk Packages (PBPs) Used in Parenteral Nutrition Therapy

1. The aluminum content of LVIs used in parenteral nutrition (PN) therapy must not exceed
25 mcg/L.

2. The package insert of LVIs used in PN therapy must state that the drug product
contains NMT 25 mcg of aluminum per L. This information must be contained in the
Precautions section of the labeling of all LVIs used in PN therapy.

3. If the maximum amount of aluminum in SVIs and PBPs is 25 mcg/L or less, instead of
stating the exact amount of aluminum that each contains, as in paragraph (4), the
immediate container label for SVIs and PBPs used in the preparation of PN admixtures or
formulations (with exceptions as noted below) may state: “Contains no more than 25
mcg/L of aluminum.” If the SVI or PBP is a lyophilized powder, the immediate container
label may state the following: “When reconstituted in accordance with the package
insert instructions, the concentration of aluminum will be no more than 25 mcg/L.”

4. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVIs and PBPs used in the preparation of PN admixtures or formulations. The
aluminum content must be stated as follows: “Contains no more than ___ mcg/L of
aluminum.” The immediate container label of all SVIs and PBPs that are lyophilized
powder used in the preparation of PN solutions must contain the following statement:
“When reconstituted in accordance with the package insert instructions, the
concentration of aluminum will be no more than ___ mcg/L.” This maximum amount of
aluminum must be stated as the highest one of the following three levels:

The highest level for the batches produced during the past 3 years
The highest level for the latest five batches
The maximum level in terms of historical levels, but only until completion of
production of the first five batches.

The package insert for all LVIs, SVIs, and PBPs used in the preparation of PN admixtures or
formulations shall contain the following statement in the Warnings section of the labeling: 
WARNING: This product contains aluminum which may be toxic. Aluminum may reach toxic levels
with prolonged parenteral administration if kidney function is impaired. Premature neonates are
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particularly at risk because their kidneys are immature, and they require large amounts of
calcium and phosphate solutions that contain aluminum. 
Research indicates that patients with impaired kidney function, including premature neonates,
who receive parenteral levels of aluminum at greater than 4–5 mcg/kg/day, accumulate
aluminum at levels associated with central nervous system and bone toxicity. Tissue loading
may occur at even lower rates of administration.

LABELING FOR PRODUCTS AND OTHER CATEGORIES

Amount of Ingredient per Dosage Unit

The strength of a drug product is expressed on the container label in terms of micrograms or
milligrams, or grams, or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts are then provided
on the container label and in the labeling. 
Official articles in capsule, tablet, or other dosage forms shall be labeled to express the
quantity of each active ingredient or recognized nutrient contained in each unit. Unit-dose oral
solutions or suspensions (whether supplied as liquid preparations or as liquid preparations that
are constituted from solids upon addition of a designated volume of a specific diluent) shall be
labeled to express the quantity of each active ingredient or recognized nutrient delivered under

the conditions prescribed in Deliverable Volume 698 . Official drug products not in unit-dose
packaging shall be labeled to show the quantity of each active ingredient in each milliliter or in
each gram, or to express the percentage of each such ingredient (see General Notices and
Requirements 8.140, Percentage Concentrations). Exceptions are oral liquids or solids intended
to be constituted to yield oral liquids that, alternatively, can be labeled in terms of each 5-mL
portion of the liquid or resulting liquid. Unless otherwise indicated in a monograph or chapter,
declarations of strength or quantity shall be stated only in metric units [see also General
Notices and Requirements 5.50.10, Units of Potency (Biological)].

Expiration Date and Beyond-Use Date

The label of an official drug product or nutritional, or dietary supplement product shall bear an
expiration date. All products shall display the expiration date so that it can be read by an
ordinary individual under customary conditions of purchase and use. The expiration date shall
be prominently displayed in high contrast to the background or it shall be sharply embossed,
and easily understood (e.g., “EXP 6/13,” “Exp. June 13,” or “Expires 6/13”). [Note—For
additional information and guidance, refer to the Consumer Products Association's Voluntary
Codes and Guidelines of the Consumer Healthcare Products Industry.] 
The monographs for some preparations state how the labeled expiration date shall be
determined. In the absence of a specific requirement in the individual monograph for a drug
product or nutritional supplement, the label shall bear an expiration date assigned for the
particular formulation and package of the product, with the following exceptions: the label need
not show an expiration date if the drug product or nutritional supplement is packaged in a
container that is intended for sale without prescription, and the labeling states no dosage
limitations, and if the product or supplement is stable for NLT 3 years when stored under the
prescribed conditions. 
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If an official product is required to bear an expiration date, the product shall be dispensed
solely in or from a container labeled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expiration date identifies the time
during which the article can be expected to meet the requirements of the compendial
monograph, provided it is kept under the prescribed storage conditions. The expiration date
limits the time during which the article may be dispensed or used. If an expiration date is stated
only in terms of the month and the year, then the intended expiration date is the last day of
the stated month. 
The beyond-use date is the date after which a product shall not be used. The dispenser shall
place on the label of the prescription multiple-unit container a suitable beyond-use date to limit
the patient's use of the article based on any information supplied by the manufacturer or this
subsection. The beyond-use date shall not be later than the expiration date on the
manufacturer's container. Also see Compounded Preparations below. 
For articles that require constitution before use, a suitable beyond-use date for the constituted
product shall be identified in the labeling. 
For all other dosage forms, in determining a beyond-use date the dispenser shall take into
account, in addition to any other relevant factors:

Nature of the drug
Container in which it was packaged by the manufacturer and the expiration date
thereon
Characteristics of the patient's container, if the article is repackaged for dispensing
Expected storage conditions to which the article may be exposed
Unusual storage conditions to which the article may be exposed
Expected length of the course of therapy.

After considering these factors, the dispenser shall label a container with a suitable beyond-use
date to limit the patient's use of the article. Unless otherwise specified in the individual
monograph or in the absence of stability data to the contrary, the beyond-use date shall be
not later than: (a) the expiration date on the manufacturer's container; or (b) 1 year from the
date the drug is dispensed, whichever is earlier. For nonsterile solid and liquid dosage forms
that are packaged in single-unit and unit-dose containers, the beyond-use date shall be 1 year
from the date the drug is packaged into the single-unit or unit-dose container or the expiration
date on the manufacturer's container, whichever is earlier, unless stability data or the
manufacturer's labeling indicates otherwise. 
The dispenser shall maintain packaging and storage facilities at a mean kinetic temperature

NMT 25 . The plastic material used in packaging the dosage forms shall afford better protection
than polyvinyl chloride, which does not adequately protect against moisture permeation.
Dispensers shall keep records of the temperature of the facility where the dosage forms are
stored and of the plastic materials used in packaging.

Compounded Preparations

The label on the container or package of an official compounded preparation shall bear a
beyond-use date after which the compounded preparation should not be used. Because
compounded preparations are intended for administration immediately or following short-term
storage, their beyond-use dates may be assigned, in lieu of an expiration date, based on
criteria that are different from those applied to manufactured drug products. 
The monograph for an official compounded preparation typically includes a specified period. The
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beyond-use date states the time following the date of compounding during which the
preparation, when properly stored, can be used. In the absence of stability information,
beyond-use dating should be assigned as recommended in general chapter Pharmaceutical

Compounding—Nonsterile Preparations 795 , Stability Criteria and Beyond-Use Dating. 
The label on the container package of an official compounded preparation shall include the word
“compounded” after the drug name (e.g., Baclofen Compounded Oral Solution). Additionally,
USP official compounded preparations for animal patients will include the word “veterinary”
following the full official name (e.g., Atenolol Oral Suspension, Veterinary).

Use of Leading and Terminal Zeros

To help minimize the possibility of errors in drug dispensing and administration, when the
quantity of active ingredient is expressed in whole numbers it shall be shown without a decimal
point followed by a terminal zero (e.g., express as 4 mg, not 4.0 mg). When the quantity of
active ingredient is expressed as a decimal number smaller than 1, it shall be shown with a zero
preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).

Alcohol

The alcohol content in a liquid preparation shall be stated on the label as a percentage (v/v) of
C2H5OH.

Botanicals

The label of an herb or other botanical intended for use as a dietary supplement shall bear the
statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product.”

Electrolytes

The concentration of electrolytes for replacement therapy (e.g., sodium, potassium, chloride)
shall be stated on the label in milliequivalents (mEq)/volume. [Note—Phosphorus containing
injections shall be expressed in milliMoles (e.g., mM/volume). The label of the product shall also
indicate the quantity of ingredient(s) in terms of weight or percentage concentration.]

Injectable and Topical

A product intended for injection or topical use shall state the names of all added substances
(see General Notices and Requirements 5.20, Added Substances, Excipients, and Ingredients)
and, in the case of injection preparations, also their amounts or proportions, except that for
substances added for adjustment of pH or to achieve isotonicity, the label may indicate only
their presence and the reason for their addition.

Salts of Drugs

It is an established principle that official articles shall have only one official title (see General

Notices and Requirements 2.20 and compendial nomenclature requirements in Nomenclature 
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1121 ). For purposes of saving space on labels and because chemical symbols for the most
common inorganic salts of drugs are well known to practitioners, the following alternatives are
permitted in labeling official articles that are salts: HCl for hydrochloride; HBr for hydrobromide;
Na for sodium; and K for potassium. The symbols Na and K are intended for use in abbreviating
names of the salts of organic acids, but these symbols are not used when the word Sodium or
Potassium appears at the beginning of an official title (e.g., Phenobarbital Na is acceptable, but
Na Salicylate is not).

Special Capsules and Tablets

The label of any form of Capsule or Tablet intended for administration other than by swallowing
intact shall bear a prominent indication of the manner in which it should be used (see
Compendial Nomenclature, Nomenclature Guidelines on the USP website at www.usp.org).

Products That Contain Vitamins

The vitamin content of an official drug product shall be stated on the label in metric units per
dosage unit. The amounts of vitamins A, D, and E may also be stated in USP Units. Quantities
of vitamin A declared in metric units refer to the equivalent amounts of retinol (vitamin A
alcohol). The label of a nutritional supplement shall bear an identifying lot number, control
number, or batch number.

Controlled Room Temperature

Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ”, or other
wording based on the same mean kinetic temperature (see also Packaging and Storage

Requirements 659 ).

Light-Resistant Container

The label on a light-resistant container (see Containers—Performance Testing 671 , Light-
Transmission Test) shall bear a statement that the opaque covering is needed until the
contents are to be used or administered. Where it is directed to “protect from light” in an
individual monograph, preservation in a light-resistant container is intended (see Packaging and

Storage Requirements 659 ).

Single-Unit Container

Each single-unit container shall be labeled to indicate the identity, quantity and/or strength,
name of the manufacturer, lot number, and expiration date of the article (see also Packaging

and Storage Requirements 659 ).

Repackaged Single-Unit Container

When repackaged, each single-unit or unit-dose container bears a separate label, unless the
device holding the unit-dose form does not allow for the removal or separation of the intact
single-unit or unit-dose container. It is the responsibility of the dispenser, taking into account
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the nature of the drug repackaged, any packaging and expiration dating information in the
manufacturer's product labeling, the characteristics of the containers, and the storage
conditions to which the article may be subjected, to place a suitable expiration date on the
label. Repackaged dosage forms must bear on their labels expiration dates as determined from
information in the product labeling (see Expiration Date and Beyond-Use Date).

Single-Dose Container

A single-dose container shall be labeled as such.

Unit-of-Use Container

A unit-of-use container shall be labeled to be dispensed as such, without further modification

except for the addition of appropriate labeling (see also Packaging and Storage Requirements 

659 ).

Protection from Freezing

The container label shall bear an appropriate instruction to protect the article from freezing if
subject to loss of strength or potency, or to destructive alteration of its characteristics (see

also Packaging and Storage Requirements 659 ).

Prescription Container Labeling

At a minimum, a prescription container shall be labeled in a patient-centered manner. The label
shall contain essential information that is important for the patient's safe and effective use of
the medicine. Labels should be designed and formatted to optimize readability and

understanding (see Prescription Container Labeling 17 ).

GENERAL LABELING

Users are reminded to always refer to the General Notices and Requirements in assessing or
applying any compendial standards. General Notices and Requirements addresses a number of
labeling-related aspects, including 3.20, Indicating Conformance (when an article may be
labeled USP, NF, or USP–NF, and requirements related to differences in identity, naming,
strength, quality, or purity); 5.20.10, Added Substances, Excipients, and Ingredients in Official
Substances; 6.70, Reagents; and 8.240, Weights and Measures (e.g., microgram may be
represented as either µg or mcg. For labeling or prescribing purposes, “mcg” is preferred).

BRIEFING

912  Rotational Rheometer Methods, USP 36 page 435. On the basis of comments and
data received, the following revisions are proposed:

1. Change the chapter title to 912  Viscosity—Rotational Methods to achieve

consistency across titles for chapters Viscosity—Capillary Viscometer Methods 911

USP38
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, Rotational Rheometer Methods 912 , and Rolling Ball Viscometer Method 913

.
2. Update the first paragraph for added clarity by removing informational texts already

included in Rheometry 1911 . In addition, delete “Unless otherwise directed in the
individual monograph, use Method I.”

3. Add a Note indicating that for informational purposes only, a user may refer to 1911 ,
which may be a helpful, but not mandatory, resource.

4. Update Method I.
5. Update the Method II texts in the section on Apparatus for added clarity, and update

the Procedure based on the comments received. Delete the section on Calculation of

shear rate, shear stress, and viscosity because this section was introduced into 

1911 . Based on USP 37–NF 32 commentary, this informational chapter will be
included in USP 37–NF 32. Furthermore, delete the section on Calibration.

6. Update the Method III texts in the section on Apparatus for added clarity. Delete the
section on Calculation of shear rate, shear stress, and viscosity because this

section was introduced into 1911 . Based on USP 37–NF 32 commentary, this
informational chapter will be included in USP 37–NF 32. Furthermore, delete the
section on Calibration.

7. Add an additional test procedure, Method IV. Parallel Plate (or Parallel Disk)
Rheometers.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(GCPA: H. Wang.)
Correspondence Number—C126625

Comment deadline: January 31, 2014

Change to read:

912  ROTATIONAL RHEOMETER METHODS
VISCOSITY—ROTATIONAL METHODS

Change to read:

The principle of the method is to measure the force (torque) acting on a rotor when it rotates
at a constant angular velocity (rotational speed)
or rotational speed

in a liquid. Rotational rheometers/viscometers are used for measuring the viscosity of
Newtonian fluids, i.e., a fluid having a viscosity that is independent of the shearing stress or
rate of shear, or the apparent viscosity of non-Newtonian fluids, which may exhibit different
rheological behavior, depending on shear rate, shear stress, and temperature
fluids, both Newtonian and non-Newtonian.

The following procedures are used to determine the viscosity of Newtonian fluids or the
apparent viscosity of non-Newtonian fluids. The calculated viscosity of Newtonian fluids should
be the same (within experimental error), regardless of the rate of shear (or rotational speed).
Given the dependence of viscosity on temperature, the temperature of the substance being

USP38

USP38

USP38

PF 39(6): Nov.-Dec. 2013 40



measured should be controlled to within ±0.1 , unless otherwise specified in the individual
monograph. Unless otherwise directed in the individual monograph, use Method I.

[Note—For additional information, see Rheometry 1911 .]

Change to read:
•  Method I. Spindle Rheometers (Relative Rheometers—Spindle Viscometers)

Spindle Viscometers
Apparatus:  In the spindle rheometer
viscometer,

the apparent viscosity is determined by rotating a cylinder- or disk (or disc)-shaped spindle,
as shown in Figure 1 and Figure 2, respectively, immersed in a large volume of liquid.

Figure 1. Cylinder-shaped spindles.
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Figure 2. Disk-shaped spindles.

An absolute viscosity cannot be calculated due to the large gap between the spindle and
the container wall, or the geometry of the spindle. The torque to maintain a given angular
velocity does give a measure of the liquid resistance to flow but is often described as an
apparent viscosity.

Other spindle type viscometers may be used provided that the accuracy and precision is
NLT that obtained with the viscometers described in this chapter.

Procedure:  Under these test conditions the shear rate varies between the outer surface of the
spindle and the inner surface of the beaker or cup containing the test substance. As a result,
the following additional information must be described along with the measured viscosity.
When viscosity measurement is performed in a beaker or cup, as the shear rate is unknown, in
order to enable reproducibility among labs that measure viscosity using different
instrumentation, these parameters must be reported along with the measured viscosity:

1. Size and geometry of spindle
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2. Angular velocity
or rotational speed

of the spindle
3. Temperature of the test substance
4. Inner dimensions of the test substance container
5. Use of instrument accessories, such as a spindle guard

The spindle should be immersed to the recommended depth maintaining at least 1 cm clearance
from the bottom and side of the container.

The preparation of the test specimen, including its temperature equilibration, is specified in
each individual monograph. Follow the instrument manufacturer’s recommendations regarding
sample loading, spindle selection, and rheometer
viscometer

operation.
Calibration

check:
 Select at least two calibration standards whose viscosities differ by an appropriate value within

the viscosity range of the test substance under measurement for a particular rheometer
configuration. Measure the apparent viscosities of each standard, as described above, at
multiple rotational speeds.
Check the calibration of a particular viscometer configuration at the test temperature using
one or more fluids of known viscosities (Newtonian viscosity standards). The viscosity values
of the calibration standards should bracket the expected viscosity value of the sample liquid.
[Note—To help verify the linearity of the apparatus, it is suggested to perform measurements
of a Newtonian viscosity standard at multiple rotational speeds at the test temperature.]

A rheometer
viscometer

is deemed to be calibrated if the measured apparent viscosities are within ±5% of the stated
values
of the viscosity standards.

Generally, calibration, operation, and cleaning of rheometers
the viscometer

should be performed according to the recommendations of the instrument manufacturer.

Change to read:
•  Method II. Concentric Cylinder Rheometers

Apparatus:  In the concentric cylinder rheometer, the apparent viscosity is determined by
placing the liquid in the gap between the inner cylinder and the outer cylinder. Both
controlled-stress and controlled-rate rotational rheometers are available commercially in
configurations with absolute geometries (e.g., very small annular gaps between concentric
cylinders) that can provide consistent meaningful rheological data for non-Newtonian
fluids. Controlled-stress rheometers provide controlled-stress input and measurement of
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the resulting shear rate. Controlled-rate rheometers provide controlled-shear rate input
and determination of the resultant shear stress, measured as torque, on the rotor axis
allow calculation of apparent viscosities for non-Newtonian fluids. Controlled shear stress
rheometers measure the shear rates resulting from the application of a given force or
torque (the stress). Controlled shear rate rheometers measure the shear stress (from the
torque on the rotor axis) resulting from a given shear rate (or rotational speed).

Concentric cylinder rotational rheometers are sometimes referred to as cup-and-bob
rheometers. These rheometers involve an additional design consideration depending on
whether the outer cylinder (the cup) or the inner cylinder (the bob) rotates. Rotating-cup
rheometers are called Couette systems, while rotating-bob rheometers are called Searle
systems, as shown in Figure 3 and Figure 4, respectively.
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Figure 3. Couette concentric cylinder system for rotational rheometry.
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Figure 4. Searle concentric cylinder system for rotational rheometry.
Procedure:  Place a sufficient quantity of a test solution or
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test
fluid in the rheometer, and allow the sample to reach thermal equilibrium, as indicated in the

individual monograph. Operate the rheometer following the procedure recommended by the
instrument manufacturer. For non-Newtonian systems, the monograph indicates the type
of rheometer that should be used and the shear rate(s) at which the measurements
should be made. [Note—If there is evidence of time-dependent (e.g., thixotropic or
rheopectic) rheological behavior, this should be noted as well.] As noted above, apparent
viscosity should be determined preferably over a range of shear rates appropriate to the
material under test. The procedure employed to measure the apparent viscosity of the
liquid is repeated, using a series of different rotational speeds or torques. From a series of
such viscosity measurements, the relationship between the shear rate and the shear
stress of a non-Newtonian liquid—that is, the flow characteristics of the non-Newtonian
liquid—can be obtained.
Determine apparent viscosities by changing the shear rate (or shear stress, if using a
controlled shear stress rheometer), over a range appropriate to the use of the material
under test. From a series of such viscosity measurements, the relationship between the
shear rate and the shear stress of a non-Newtonian liquid can be obtained.

Calculation of shear rate, shear stress, and viscosity:  For non-Newtonian liquids, it is

essential to specify the shear stress, , or the shear rate , at which the viscosity is
measured. Under narrow gap conditions (conditions satisfied in absolute rheometers), the

shear rate  in s 1, and the shear stress , in Pa (N·m 2 or kg·m 1· s 2), are
calculated using Equations (1) and (2) below:

RO= radius of the outer cylinder (m)
RI= radius of the inner cylinder (m)
= angular velocity (radians/s)

M= torque acting on the cylinder surface (N·m)
h= height of immersion of the inner cylinder in the liquid medium (m)

Generally, the angular velocity can be calculated using Equation (3):
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n= rotational speed, in revolutions/min (rpm)

For laminar flow, the viscosity  (or apparent viscosity App), in Pa·s , is given by the
following equation:

[Note—1 Pa·s = 1000 mPa·s.]

k= the constant of the apparatus (radians/m3)

Calibration:  Rotational rheometers require calibration with rheological standards
appropriate for the shear rate or shear stress ranges and the nature of the fluid or
material under evaluation. To determine or confirm the apparatus constant, perform the
necessary tests beforehand, using fluids of known viscosities of appropriate viscosity
standards at the required temperature.

Change to read:
•  Method III. Cone-and-Plate Rheometers

Apparatus:  In the cone-and-plate rheometer, the liquid is introduced into the
fixed

gap between a flat disk (or disc) or plate and a cone forming a defined angle.
The angle of the cone ensures a constant shear rate due to the increase in both the gap
and the linear speed as the distance increases from the origin.

Viscosity measurement can be performed by rotating the cone or the plate, as shown in
Figure 5 and Figure 6, respectively. [Note—Because the volume of sample is small, even a
small absolute loss of solvents can cause a large percentage change in viscosity. Such a
loss is particularly relevant for volatile solvents but could be significant even for
nonvolatile solvents such as water.]
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Figure 5. Cone-and-plate rotational rheometer with rotating cone.

PF 39(6): Nov.-Dec. 2013 49



Figure 6. Cone-and-plate rotational rheometer with rotating plate.
Procedure:  Proceed as directed for Method II. Concentric Cylinder Rheometers.

Calculation of shear rate, shear stress, and viscosity:  The shear rate  in s 1, and
the shear stress , in Pa, are calculated by Equations (5) and (6).
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= angle between the flat plate and the cone (radians)
R= radius of the cone (m)
= angular velocity (radians/s)

M= torque acting on the flat plate or cone surface (N·m)

For laminar flow, the viscosity  (or apparent viscosity App), in Pa·s, is given by the
following equation:

k= constant of the apparatus (radians/m3)

Calibration:  Proceed as directed for Calibration in Method II. Concentric Cylinder
Rheometers.

Add the following:
•  Method IV. Parallel Plate (or Parallel Disk) Rheometers

Apparatus:  Parallel plate rheometers are similar to cone-and-plate rheometers except that
the sample to be measured is introduced into the gap between a flat plate or disk (or
disc) and another parallel flat plate or disk. Measurements are made typically with the
lower plate or disk remaining stationary as the upper plate or disk is rotated at a constant

angular velocity,  (Figure 7).
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Figure 7. Parallel plate rotational rheometer.

In contrast to the cone-and-plate rheometer, the shear rate between parallel plates
increases with distance from the origin of the axis of rotation due to the increasing linear
speeds for a given angular velocity with a constant gap. Thus, an average shear rate is
obtained. Nonetheless, some advantages of the parallel plate rheometer include ease of
sample loading (especially for very viscous liquids and soft semisolids), and suitability for
suspensions of particulates. For suspensions, the gap should be set high enough to avoid
grinding particles between the plates. Parallel plates have a user-definable gap (within
practical limits) and therefore, in the absence of large particles, may be used at narrower
gaps. As with cone-and-plate rheometers, evaporative loss of solvent can markedly affect
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the viscosity of the sample, so adequate precautions need to be taken to minimize solvent
loss.

Procedure:  Proceed as directed for Method II. Concentric Cylinder Rheometers.

BRIEFING

913  Rolling Ball Viscometer Method, USP 36 page 439. On the basis of comments

received, it is proposed to change the chapter title to 913  Viscosity—Rolling Ball Method to

achieve consistency across the titles for chapters Viscosity—Capillary Viscometer Methods 

911 , Rotational Rheometer Methods 912 , and 913 . In addition, it is proposed to add a

note that indicates that, for informational purposes only, a user may refer to Rheometry 1911

, which may be a helpful, but not mandatory, resource.

Additionally, minor editorial changes have been made to update the chapter to current USP
style.

(GCPA: H. Wang.)
Correspondence Number—C137513

Comment deadline: January 31, 2014

Change to read:

913  ROLLING BALL VISCOMETER METHOD
VISCOSITY—ROLLING BALL METHOD

Change to read:

The following procedure is used to determine the viscosity of a Newtonian fluid, i.e., a fluid
having a viscosity that is independent of the shearing stress or rate of shear.

[Note—For additional information, see Rheometry 1911 .] 

Apparatus: See Figure 1. 
The basic design of a rolling ball viscometer consists of a tube (or capillary) that contains the
sample liquid under test and a ball chosen so that it will require a minimum rolling time of 20 s at
the measuring angle in the sample liquid.
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Figure 1. Basic design for rolling ball viscometer.

Measuring principle: The rolling ball measurement is based on Stokes’s Law, as influenced by

the angle of inclination of the tube (or capillary). Calculate the Newtonian viscosity, , in
mPa·s:

 = [( 1  2) × g × r2 × sin ] / v

1 = density of the ball used (g/mL) 

2 = density of the sample liquid (g/mL) 

g = gravitational constant (mm/s2) 
r = radius of the ball (mm) 

 = angle of inclination of the tube (or capillary) 
v  = terminal velocity of the ball (mm/s)

Determine the viscosity of a liquid by observing the rolling time of a solid sphere (ball) under the
influence of gravity in an inclined cylindrical tube filled with the sample liquid. Measure the time
taken by the ball to travel the fixed distance between two ring marks or measuring sensors. For
each single measured rolling time, the resulting viscosity can be expressed as dynamic viscosity
(mPa·s) as well as kinematic viscosity (mm2/s) for a sample of known density.

Procedure: Select a measuring system [tube (or capillary) and ball combination] within the
anticipated range of viscosity of the sample liquid. As necessary, heat the clean and dry tube
and ball of the viscometer to the temperature specified in the individual monograph, and control
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the temperature to ±0.1 , unless otherwise specified in the individual monograph. Select a
measuring angle to obtain a minimum rolling time of 20 s. Fill the tube with the sample liquid,
being careful to avoid bubble formation. Close the tube, and insert it in the instrument. Allow to
equilibrate at the specified temperature for NLT 15 min for a rolling ball viscometer with a tube
of large diameter. For a micro rolling ball viscometer, follow the instrument manufacturer’s
instructions regarding temperature equilibration. Release the ball, and record the time required
for the ball to roll from the upper to the lower ring mark (or measuring sensor). Repeat the test
run at least four times. 
The rolling time in the fluid under examination is the mean of NLT four consecutive
determinations. The result is valid if the percent relative standard deviation (%RSD) for the four
readings is NMT 2.0%.

Calculation and calibration: Calculate the Newtonian viscosity, , in mPa·s:

 = k × ( 1  2) × t

k = calibration constant of the instrument (mm2/s2) at a specified measuring angle and
temperature 

1 = density of the ball used (g/mL) 

2 = density of the sample liquid (g/mL) 
t = rolling time of the ball (s)

Calibrate each tube (or capillary) and ball combination at the test temperature and test angle
using fluids of known viscosities and densities (viscosity standards) to determine the measuring
system constant, k. [Note—Some automated viscometers use a polynomial function to
determine the calibration for different angles and temperatures.] The viscosity values of the
calibration standards should bracket the expected viscosity value of the sample liquid. 
Calibrations are specific to the ball radius, ball density, temperature, and test angle.
Recalibration is necessary when any of these parameters is changed. 
Where no reference values at the required test temperature are available, follow the
manufacturer’s instructions for mathematical corrections to the calibration function. When the
materials of the ball and tube are dissimilar, apply corrections calculated using the linear
thermal expansion coefficients of the materials.

BRIEFING

1200  Requirements for Compendial Validation. USP is proposing a new general
information chapter titled Requirements for Compendial Validation. This chapter is the first in a
series of chapters designed to incorporate significant changes in the approaches to validation
and its implication and applications to compendial procedures. This new chapter focuses on the
types of data that USP expects to see in order to determine the acceptability of a procedure
for a test relative to the test's acceptance criteria prior to its inclusion in USP–NF. It provides a
systematic approach to validation and criteria by which to evaluate validation data. Procedures
that provide data that meet the requirements of this chapter will be suitable for compendial
applications and should also be suitable for regulatory consideration as well. This chapter is not
intended to be sufficient for meeting a company's need to validate a procedure for application
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in a manufacturer's site(s). For the multiple needs of a single manufacturer, the Expert Panel on
Validation and Verification has published a Stimuli article on a lifecycle approach to validation of
an analytical procedure in PF 39(5). Also, a statistical “tools” chapter companion to general

information chapter 1225  is planned for PF 40. As part of revising 1200  in response to
comments, USP will examine all of its general chapters using a lifecycle approach, together with
needed statistical tools as a means of advancing a consistent approach.

This new proposed chapter provides a means by which procedures obtained from different
sources at different times can be compared. According to USP General Notices 6.30, alternative
procedures must be validated and demonstrated to be equivalent to or better than the
compendial procedures included in the monograph or chapter. Analysts using a private
alternative procedure or an alternative procedure intended for submission to USP's compendial

should refer to 1225 . USP's understanding of different approaches for determining
equivalency were outlined in two articles as follows, which was followed by a third article
commenting more generally on applications of modern metrologic principles to USP's standards.
The three papers are:

1. Acceptable, Equivalent, or Better: Approaches for Alternatives to Official Compendial
Procedures by W. Hauck et al. [PF 35(3) May–June 2009]

2. Performance-based Monographs by T.L. Cecil et al [PF 35(3) May–June 2009]
3. Primary and Secondary Reference Materials for Procedures to Test the Quality of

Medicines and Foods by W. Hauck et al. [Pharmaceutical Research 29:922–31;2012]

One form of equivalence described in the first and second publications involves
demonstrating that a procedure meets pre-set criteria that describe an acceptable procedure.
Meeting these pre-set criteria would assure that the procedure is suitable for its intended use.
The first paper in the series also describes a Reference Procedure (alluded to as a Default
Procedure) that covers all articles and thus is more comprehensive than an Acceptable
Procedure, which may be optimized for a single article. The approach described has been
applied specifically in the Performance Based and the Reference Procedure approaches in USP's
Medicines Compendium. These approaches have been adopted in a general chapter Assessing

Validation Parameters for Reference and Acceptable Procedures 10  adopted by the Expert
Committees advancing monographs in the Medicines Compendium.

With 1200 , USP proposes that the acceptability of a procedure can be evaluated by
means of five standardized studies: Precision–Accuracy and Range, Specificity, Accuracy,
Precision, and Detectability, referred to individually as one of six study types. The details of
each experiment and the validation acceptance criteria are provided for each study type. There
is particular interest in receiving input on the proposal to evaluate the acceptability of the
Assay Precision–Accuracy trade-off using the repeatability (using six independent samples) as
opposed to data collected as part of the Intermediate Precision analysis as the critical precision
determination. This chapter indicates the use of the repeatability data because the use of the
procedures validated in the manner indicated are intended to apply across a compendial
determination (Standard solution compared to Sample solution) and is not intended to account
for variability between labs, days, instruments, etc. Comments and perspectives are invited.

In the past, USP has assumed that the general principles applied in submissions of
information with candidate material for USP's compendia have generally followed the provisions
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of 1225 . When 1200  is finalized, validation data as described in proposed 1200  will be

required in these submissions. The general approaches of 1200  are already being applied in
USP's laboratories for not only the Medicines Compendium but also for monograph updating in

USP–NF. Analysts wishing more information may refer now to 10 . Regulatory authorities may
wish to assess alternative procedures not submitted to USP and claiming “equivalent or better”

using 10  now and 1200  in the future.

For details regarding the use of exponential functions for precision estimations (e.g.,
Horwitz-Thompson equation) see Evaluation of Analytical Methods Used for Regulation of Foods
and Drugs by W. Horwitz, Analytical Chemistry 54, 67A–76A, 1982.

(GCPA: H. Pappa.)
Correspondence Number—C132023

Comment deadline: January 31, 2014

Add the following:

1200  REQUIREMENTS FOR COMPENDIAL VALIDATION

This general information chapter presents the means to determine the acceptability of the
results obtained during the validation of a procedure. General information chapter Validation of

Compendial Procedures 1225  provides general guidance on the principles of validation, but it
does not provide a means by which to evaluate the acceptability of the results in a
standardized manner. This chapter provides a systematic approach and criteria by which to
evaluate validation results collected in support of a compendial procedure. In many cases, the
testing expectations and the data analysis described in this chapter differ from the descriptions

included in 1225 , and in these cases the requirements included in this chapter take
precedence. The requirements included in this chapter apply to all procedures in USP–NF, unless

otherwise indicated in the monograph or in another general chapter numbered below 1000 .

GENERAL CONSIDERATIONS

Despite common usage, a procedure cannot be validated. What is meant with the statement is
that the procedure has been demonstrated to produce valid results. The results obtained from
a validation (or verification) effort indicate that the procedure can be evaluated by the analyst
and independently by USP or other body for acceptability. These evaluations denote that the
procedure consistently produces results that allow decisions about the analyte (measurand) in
its matrix relative to the purpose of the test to determine if the article under test is suitable for
its intended purpose. Many different approaches are available for measuring and evaluating the
quality of accumulated results from a validation process. Some are theoretically developed and
then applied to the real situations (e.g., height of theoretical plates), some are empirically
observed (e.g., bathochromic/hypsochromic wavelength shifts), and some are linked to
statistical measures (e.g., confidence intervals). Each can be used in varying degrees to
describe the analytical process, but not all can be easily linked to the validity of the results.

This is the case for the Analytical Performance Characteristics (APC) described in 1225 .
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When each performance characteristic is considered in a validation process, analysts can
combine experiments in such a way that the number of analyses may be reduced while still
achieving a better understanding of the quality of the data. 
The validity of a procedure's results can be evaluated by means of five types of studies:
Precision–Accuracy and Range (Type 1), Specificity (Type 2), Accuracy (Type 3), Precision
(Type 4), and Detectability (Type 5). Although the study names are similar to those of the
APCs, the requirements and usage are different. When a procedure provides data that meet the
requirements of the studies shown in Table 1 and Table 2, then the procedure may be deemed
to provide acceptable quality for compendial purposes. 
These studies and the evaluation criteria described below should be applicable to all procedures
in USP–NF, whether chromatographic, spectroscopic, gravimetric, or others. However, the
meaningful measures associated with some procedures may be different from those described in
these six studies (e.g., in vivo and in vitro bioassays). In these cases, appropriate measures

should be considered and are included in other chapters (e.g., USP 1033 ).

Table 1. Quantitative and Semiquantitative Compendial Procedures

 Category Ia
Category IIa 

(Quantitative)
Category IIa 

(Semiquantitative)

Analytical Performance
Characteristics

1225 1200 1225 1200 1225 1200

Accuracy Y 1 Y 3 ? N
Precision Y 1 Y 4 N 4
Specificity Y 2 Y 2 Y 2
Detection Limit N N N N Y 5
Quantification Limit N N Y 3 N N
Linearity Y 1 Y 3 N N
Range Y 1 Y 3 ? N

a  See 1225  for definitions.

1. Covered in the Precision–Accuracy Study. 
2. Covered in the Specificity Study. 
3. Covered in the Accuracy Study. 
4. Covered in the Precision Study. 
5. Covered in the Detectability Study.

Table 2. Performance Tests and Qualitative Compendial Procedures

 Category IIIa Category IVa

Analytical Performance Characteristics 1225 1200 1225 1200
Accuracy ? 1 N N
Precision Y 1 N 4
Specificity ? 2 Y 2
Detection Limit ? N N N
Quantification Limit ? N N N
Linearity ? 1 N N
Range ? 1 N N
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a  See 1225  for definitions.

1. Covered in the Precision–Accuracy Study. 
2. Covered in the Specificity Study. 
3. Covered in the Accuracy Study. 
4. Covered in the Precision Study. 
5. Covered in the Detectability Study.

TYPE 1 STUDY: PRECISION–ACCURACY AND RANGE

This study is limited to Assay procedures. In these cases, the content of the analyte is either
known or can be approximated based on the nominal content of a dosage form. Because these
values are controllable by the analyst, evaluation of the procedure to perform in an acceptable
manner is needed across a relatively small range centered on the analytical target value. The
data should represent six independent solutions at each concentration, but the solutions of
different concentrations can be prepared from a common set of stock solutions. (For example,
aliquots from six concentrated independent solutions can be diluted two-fold, three-fold, etc.
to obtain the six sets of standard solutions at each concentration level.) An example of the
study requirements follows.

Samples: NLT six replicate standard solutions over the range of the procedure should be used.
The concentrations studied should include at least one value greater than the upper monograph
limit and one less than the lower monograph limit. The following concentrations should be
included as a minimum: 80%, 90%, 100%, 110%, and 120%.

In all cases, the probability must be NLT 95% (0.95 as calculated below). When users wish to
gain greater assurance of the acceptability of the procedure, they can apply a higher
probability.

Drug Substances and Excipients

CASE 1
Where the Acceptance criteria are symmetrical around 100% and the lower limit of the
acceptance criteria of the monograph test is NLT 97.0%.

Samples: NLT six replicate Standard solutions prepared at a concentration representing 100%

Analysis: Determine Precision value and Accuracy value.

Precision value: Determine %RSD of the results from the Standard solutions relative to the
known content of the standard (in %). 
Accuracy value: Mean of the results from the Standard solutions relative to the known
content of the standard (in %)

Analyze results using the following equation:

Result = t(qU,df)  t(qL,df)

t(q,df) = cumulative Student's t distribution with df degrees of freedom evaluated at quantile
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q 

qU = (Upper-Mean)/(SD 1 + 1/n)

qL = (Lower-Mean))/(SD 1 + 1/n)

df = n  1

Upper = upper limit of the acceptance range (e.g., 102% in the default case) 
Mean = accuracy value 
SD = precision value 
n = number of replicate Standard solutions prepared 
Lower = lower limit of the acceptance range (e.g., 98% in the default case)

[Note—One means to complete this calculation is by using the Microsoft Excel T.DIST function,
if available, to calculate t(q,df): t(q,df) = T.DIST(q, df, TRUE). If T.DIST is not available, the
TDIST function may be used: t(q,df) = IF(q<0,TDIST(-q,df,1),1-TDIST(q,df,1)), where TRUE =
logical operator. USP plans to develop a calculation tool to aid in the use of this parameter.]

Acceptance criteria: NLT 0.95

CASE 2
Where the Acceptance criteria are asymmetric, but the acceptance range of the monograph
test is entirely encompasses by 97.0%–103.0%. Proceed with the calculation described in Case
1, but use the Upper and Lower values that would yield the smallest range fully encompassed
by the monograph Acceptance criteria.

CASE 3
Where the Acceptance criteria are symmetrical around a Mean other than 100%, and 100% is
not included in the Acceptance criteria range. Adjust the Lower and Upper by the same factor
to obtain a range that is symmetrical around 100%. If the resulting range meets Case 1
requirements, then normalize the Mean value by the same factor, and proceed as directed in
Case 1. Otherwise proceed as described in Case 5.

CASE 4
Where the Acceptance criteria are one-sided. Use a Lower or Upper value that would create a
symmetrical range around 100%. Consider the Case placement with the complete range, and
proceed as directed in the appropriate case.

CASE 5
All other cases. Use a Lower value of 97.0% and an Upper value of 103.0%, normalize the
Mean value as described in Case 3 if necessary.

Drug Products

The cases above are based on the Acceptance criteria of the drug substance. The same
approach can be used for the evaluation of a procedure for the testing of a drug product.
However, the acceptance criteria included in USP and NF monographs should accommodate
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variability associated with sampling, the procedure, any reference standard uncertainty, and
manufacturing. If the Acceptance criteria based on the accuracy-precision study are then used
for evaluation of the precision and accuracy of the analytical procedure, then the other
sources of variability are not accounted for and may lead to unexpected failures. The default
level of error that should be associated with an analytical procedure is about one-third of the
Acceptance criteria of the article (i.e., 90.0%–110.0% Assay Acceptance criteria would lead to
Lower and Upper values of 97.0% and 103.0%, respectively). To apply these criteria, use the
appropriately determined Upper and Lower values, and proceed as described in Case 1, Case 3,
or Case 5 above. The samples that are measured should be either a placebo spiked with a
known weight of a Reference Standard material or a formulated drug product spiked with a
Reference Standard for the drug substance. The difference between the detected
concentration and the spiked value is used as bias.

TYPE 2 STUDY: SPECIFICITY

Specificity is a component of Accuracy, but it is one that can be independently measured so
that the associated bias can be calculated and controlled. Complete specificity among all
substances, potential impurities, and enantiomers of each is not always possible, necessary, or
desirable. However, for compendial purposes the procedure must be able to unequivocally
assess the analyte in the presence of components that may be expected to be present,
including specified impurities, the parent compound counter-ions, solvent fronts, and matrix
components. When specificity is not expected or desired, a notation should be included in the
validation documentation and the associated monograph.

Measuring Specificity

The means to measure the specificity depend on the procedure used for the analysis. However,
in each case the level of specificity can be determined by measuring the amount of bias caused
by the addition of interferences relative to the true value (as represented by the USP
Reference Standard material). This measurement is the difference between the signal from a
Standard solution of the Reference Standard of the analyte and a Spiked standard solution of
the analyte and likely interferences (e.g., placebo, degradation products, specified impurity
standards, and others). When the measurement is made in the solid state, the Reference
Standard and interferences could be dry mixed. Specific instructions for the determinations
follow:

FOR NON-SEPARATION PROCEDURES
When applied to an Assay procedure, the bias caused by nonspecific detection of components
is NMT one-third the bias allowed in the Precision–Accuracy study. The spiked solution is
prepared with interference levels that are higher than expected in order to exaggerate the
response. An example for a drug substance follows:

Spiked standard solution(s): Contains the drug substance at the same concentration as
the Standard solution and each specified impurity at 10 times the specified value and
unspecified impurities at 1.0% 
Samples: Standard solution and Spiked standard solution(s) 
Analysis: Analyze the results, and determine the difference between the drug substance
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response from the Standard solution and Spiked standard solution. Using the calibration curve,
calculate the percentage difference in the Assay concentration so obtained. 
Acceptance criteria: NMT 1%

When applied to an impurity procedure, the level of bias is NMT one-third the precision value
determined in the Precision study.

Spiked standard solution(s): Contains each specified impurity at 10 times the specified
value and unspecified impurities at 1.0% 
Samples: Standard solution and Spiked standard solution(s) 
Analysis: Analyze the results, and determine the difference between the impurity
concentration from the Standard solution and Spiked standard solution using the calibration
curve. 
Acceptance criteria: NMT 1% (assuming a 0.1% impurity limit)

When applied to qualitative procedures, the bias does not need to be quantified, but the
presence of the spiked interferences should not cause a skilled analyst or spectral library to
misidentify the analyte.

FOR SEPARATION PROCEDURES
The amount of error can be controlled by a nonlinear correspondence between accuracy error
and resolution. When a resolution of NLT 1.5 is found between peaks, the error will be
controlled at an acceptable level for most cases likely to be seen in USP–NF. As the
interference grows beyond about 10%, a larger resolution will be necessary. To apply this
approach, proceed as described for the appropriate non-separation procedure, and analyze as
follows.

Analysis: Analyze the results, and determine the Resolution of each impurity from the analyte
peak. 
Acceptance criteria 
Resolution: NLT 1.5.

[Note—This approach applies to qualitative (identification) and quantitative procedures.]

TYPE 3 STUDY: ACCURACY

The Accuracy studies described in this section differ from Type 1 studies. In the Type 3
Accuracy studies described here, the goal is to determine the content of a small or trace
impurity in the presence of other impurities and the principal compound. When analysts
evaluate the error caused by interference in the presence of the principal analyte, the sources
of error typically are well understood and controlled. In the case of a minor component, the
concentration can be small, and the quantification may be calculated in suboptimal conditions.
In addition, as the content of the measurand becomes smaller the relative contribution of
random error becomes greater, leading to much higher levels of variability than found in the
Type 1 studies. To introduce a level of control, analysts measure the accuracy of impurities
using a spike-recovery study across the range of potential analyte concentrations. Because of
the uncertainty of the target concentration, analysts evaluate a large range and calculate the
difference between the spiked concentration and the calculated concentration. They calculate
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the Acceptance criteria using an empirical formula that describes the reproducibility error for a
given concentration. This formula is derived from the Horwitz–Thompson equation. The
calculation includes a single variable that is known as the concentration fraction (C). Commonly
used concentration fractions, conversion to common units, and Horwitz–Thompson values are
included in Table 3.

Standard solutions: Prepare solutions of the specified impurities at concentrations ranging
from 50% to 150% of the limit value for each impurity, using appropriate reference materials or
another reliable impurity source.

Sample solutions: Prepare solutions of the material under test spiked with appropriate
reference materials at concentrations ranging from 50% to 150% of the indicated limit value for
each specified impurity.

Acceptance criteria: Spike recovery = 100% ± 2C 0.1505% for the Mean of three replicate
preparations at each concentration. [Note—The data obtained for this validation parameter are
used for LOQ, Range, and Linearity.]

Table 3. Common Concentration Fractions and Associated Horwitz Values

Concentration
of Analyte 

(%)

Concentration
of Analyte

(ppm or ppb)

Concentration
with w/w

Units
(mg/g or

µg/g)

Concentration
Fraction, C 

(g/g)

Horwitz–
Massart

Repeatability
Value

=

C 0.1505(%RSD)

100 — 1000 mg/g 1.0 1
1 10,000 ppm 10 mg/g 0.01 2

0.1 1000 ppm 1 mg/g 0.001 2.8
0.05 500 ppm 500 µg/g 0.0005 3
0.01 100 ppm 100 µg/g 0.0001 4
0.001 10 ppm 10 µg/g 0.00001 5.7
0.0001 1 ppm 1 µg/g 0.000001 8
0.00001 100 ppb 0.1 µg/g 0.0000001 11
<0.00001 <100 ppb <0.1 µg/g <0.0000001 11

TYPE 4 STUDY: PRECISION

The Type 4 Precision study is also different from the Type 1 studies for the same reasons
described in Type 3 Study: Accuracy. As with Type 3 studies, the precision must be linked to
the analytical target concentration using the Horwitz equations. In the case of repeatability,
the Horwitz–Massart equation is used, and the reproducibility evaluations use the Horwitz–
Thompson equation. Both of the equations are calculated using the concentration fraction and
are included in Table 3.

Repeatability

Test samples: Six independent samples of material under test, spiked with appropriate
reference materials for the specified impurities at the indicated levels
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Acceptance criteria: Relative standard deviation, NMT C 0.1505%; where C is the
Concentration fraction of the impurity.

Ruggedness (for Verification)

Acceptable experiments for establishing reproducibility in the verification of a previously
validated procedure include performing the Repeatability analysis (i.e., six samples per
condition) over a combination of NLT three of the following variables (e.g., same analyst, same
instrument, 3 different days; or two analysts, 2 different days; or others):

1. on different days
2. with different instrumentation
3. with different analysts.

Variables known or suspected to be major sources of variation in the reportable result should be
varied in this experiment.

Acceptance criteria: Relative standard deviation, NMT 2C 0.1505%; where C is the
Concentration fraction of the impurity.

Intermediate Precision (for Validation)

Acceptable experiments for establishing intermediate precision in the validation of a procedure
include performing the Repeatability analysis over a combination of NLT six of the following
variables: (e.g., two analysts, same instrument, 3 different days; or two analysts, two
instruments, 2 different days; or others).

Acceptance criteria: Relative standard deviation, NMT 2C 0.1505%; where C is the
Concentration fraction of the impurity.

TYPE 5 STUDY: DETECTABILITY

The Detectability study is conducted as part of the evaluation of semiquantitative limit tests.
These procedures are usually defined as a modified screening procedure that is used to ensure
that the signal from the measurand in the sample is no greater than the signal from a standard
of known concentration. The results of these procedures are often reported as passes but do
not indicate an actual concentration of the impurity. In these cases, the critical question that
must be answered is “Is the smallest concentration change that will cause a passing result to
fail (i.e., detectable difference) smaller than the limit value?” To determine the answer,
analysts prepare a solution having the minimum failing value (concentration at the limit value)
and compare it to a solution that has a concentration lower than the limit. The concentration
of the lower value is linked to the empirical Horwitz value of acceptable variability of a trace
impurity.

Standard solution: A preparation of reference materials for the impurity or impurities of
interest at the target concentration(s)
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Spiked sample solution 1: A sample of material under test, spiked with reference materials for
the specified impurities at the target concentration (monograph limits), prepared in triplicate.
[Note—Increasing the number of replicate solutions will improve the analysis of Detectability.
NLT 3 is recommended.]

Spiked sample solution 2: A sample of material under test, spiked with reference materials for

the specified impurities at a level of 100  (2C 0.1505)% of the target concentration for the
specified impurity or impurities, prepared in triplicate. [Note—Increasing the number of replicate
solutions will improve the analysis of Detectability. NLT 3 is recommended.]

Acceptance criteria for non-instrumental procedures: Spiked sample solution 1 provides an
intensity equivalent to or greater than that of the Standard solution. Spiked sample solution 2
must provide an intensity less than that of the Spiked sample solution 1. [Note—The intensity
from each Spiked sample solution is NLT the unspiked sample solution.]

Acceptance criteria for instrumental procedures: The average value of the replicate

measurements of Spiked sample solution 1 is equivalent to [100 ± (2C 0.1505)%]. The average
value of the replicate measurements of Spiked sample solution 2 must provide a signal intensity
or value less than that of the Standard solution. [Note—Correct the values obtained for each
of the Spiked solutions using the unspiked sample solution.]

BRIEFING

1787  Measurement of Subvisible Particulate Matter in Therapeutic Protein
Injections. This proposed new general information chapter provides background from the
literature, describes the strengths and limitations of specific methods for characterizing protein
particle populations between 1 and 100 µm, and suggests strategies. The goal is to provide
comprehensive guidance for the use of a broad array of analytical methods. One or more of
these methods may be appropriate for enhanced or orthogonal characterization of therapeutic
protein products during development, root cause analysis for nonconformance investigations,
stability studies, or other objectives. This includes methods that allow assessment of
characteristics of the inherent protein aggregates including morphology, conformation,
reversibility/dissociation, and covalent modification. Guidance on sample handling and

preparation will be discussed in general terms. Chapter 1787  will be helpful but not
mandatory.

Its companion general chapter, Subvisible Particulate Matter in Therapeutic Protein

Injections 787 , addresses issues related to the small sample volumes that are available for

biological samples. Another related general chapter is Particulate Matter in Injections 788 ,

which uses larger sample volumes than general chapter 787 .
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1787  MEASUREMENT OF SUBVISIBLE PARTICULATE MATTER IN THERAPEUTIC

USP38
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PROTEIN INJECTIONS

INTRODUCTION

Parenteral products are designed and manufactured to exclude particulate matter, which is
differentiated into two broad categories: visible and subvisible. The absolute limit of visibility, or
detectability, depends on the test conditions and the nature of the particulate matter. This
general information chapter covers subvisible particles in the range of 1–100 µm. For particles
<1 µm, see general information chapter Methods for the Determination of Particulate Matter in

Injections and Ophthalmic Solutions 1788 . Particles larger than 100 µm are generally

considered visible particles (see general chapter Visible Particulates in Injection 790 ). 
Subvisible particulate matter in therapeutic protein injections can arise from three general
sources: extrinsic (outside, from the exterior), intrinsic (inside, part of the whole), or inherent
(existing as a permanent and inseparable element). Extrinsic and intrinsic sources of particulate
matter are common to all parenteral products, whereas inherent particles are of particular
relevance to therapeutic proteins. The aim of this chapter is to provide additional information to

support Subvisible Particulate Matter in Therapeutic Protein Injections 787 . Chapter 1787

 will focus on enumeration, characterization, and when possible, identification of inherent
particles, distinguishing them from extrinsic and intrinsic particles. Not covered by this chapter
are formulations that are suspensions or emulsions, or contain adjuvants or similar intended
particle components. 
Extrinsic particles: Materials that are not part of the formulation, package, or assembly
process, but rather are foreign and unexpected. Historically, particulate analysis has focused
on extrinsic particles. This “foreign matter” is considered to be contamination and raises
significant concerns because of its potential effect on the bioburden and sterility of the
product. Examples of extrinsic particles include materials from biological sources, e.g., fibers,
insect parts, pollens, and vegetative matter; from process and building materials, e.g.,
cellulose, lint, minerals, glass, plastics, rubber, metal, and paint; and from personnel, e.g.,
epithelial cells, clothing fragments, and hairs. 
Intrinsic particles: Materials occurring in the final product that arise from sources within the
formulation ingredients, assembly process, or packaging. Their association with the production
process and/or package-related sources can be indicative of systemic problems. For example,
silicone oil is an important manufacturing and product component that may affect particle
counts and is considered intrinsic. The incidence of silicone oil-related particles may correlate
with processing sequences or formulation component sources. Detection, identification, and
measurement of silicone oil-related particles are discussed further in another section of this
chapter. Intrinsic particles can be similar in some ways to extrinsic particles such as rubber,
metal, plastic, and glass, but may arise because of insufficient cleaning of processing
equipment. Intrinsic particles can also arise from changes in the product over time. These
changes may be related to ionic or organic extracts, instability of the active pharmaceutical
ingredient (API), formulation degradation, or product–package interaction. 
Inherent particles: Materials that are expected from the drug substance and other formulation
components, and thus represent a generally accepted characteristic of the product. In the
context of therapeutic protein injections, the primary source of inherent particles is
proteinaceous aggregates formed either solely by interactions of the protein with itself or in
combination with other formulation ingredients. Identification and characterization of the
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aggregates are critical for distinguishing them from extrinsic and intrinsic particles. The tools
and techniques discussed in this chapter are applicable to all sources but are especially useful
for characterization of protein aggregates. 

Historically, test methods contained in general chapter Particulate Matter in Injections 788
were developed for detection and control of extrinsic and intrinsic particle content and rely on
light obscuration (LO) and/or microscopic determination of particles that are between 10 and
25 µm. These sizes were selected to allow consistent measurement of subvisible particle
content and allow determination of product acceptability from the perspective of patient safety
and process consistency. The membrane microscopic method was developed first and was used
only for large-volume (>100 mL) products. Later, improvements in the microscopic method and
development of an automated light extinction (obscuration) method provided an efficient and
robust means of tracking particulate content in a variety of products with different fill volumes.
Evolution of analytical application is typical of the compendial standard-setting process, where
methods are updated to reflect technological advances, patient safety considerations, and
regulatory requirements. 

Since general chapter 788  became official, the varieties of dosage forms and the numbers
of therapeutic protein products have increased markedly. The LO method described in chapter 

788  has some technical limitations when used for analyzing certain particle types (e.g.,
those that have low contrast in the product medium and/or may change shape/size during

analysis, as is typical for inherent particles in therapeutic protein injections). Other chapter 

788  limitations for therapeutic protein products relate to sample handling and low product

volumes. These considerations have led to the development of general chapter 787 .

OBJECTIVE

This chapter was written to describe strategies for identifying and characterizing extrinsic and
intrinsic particle populations, compared with inherent proteinaceous particle population(s), in
therapeutic protein injections. Information about specific methods that can be used for these
purposes, as well as their advantages and limitations, is discussed; the information applies to
therapeutic protein injection products and their dilution or infusion solutions. The overarching
goal is to provide comprehensive guidance on use of a broad array of analytical methods, one

or more of which may be used beyond the methods described in chapters 787  and 788
to achieve enhanced or orthogonal characterization of therapeutic protein products during
development, root cause analysis for non-conformance investigations, stability studies, and
others. This includes methods that allow assessment of a variety of characteristics of the
inherent protein aggregates including morphology, conformation, reversibility/dissociation, and
covalent modification. Guidance on sample handling and preparation is discussed in general
terms.

BACKGROUND

Extrinsic and intrinsic particles should be minimized in all parenteral products. However, protein-
related particles may be inherent to therapeutic protein products. These inherent particles arise
from the association of protein molecules that can be present in a continuum of sizes, ranging
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from nanometers (dimers) to hundreds of micrometers (multimers and visible particles). The
distribution of particle size is affected by amino acid sequence, solution conditions, sample
handling history, and other factors. The specific phenomenon of protein association that gives
rise to particles is called aggregation. The terms “proteinaceous particles” and “aggregates” are
used interchangeably in this chapter. 
Because multiple potential sources of particles exist, it is important to identify the particles and
determine whether they are extrinsic, intrinsic, or inherent. Once this has been accomplished, it
is possible to develop and apply appropriate control strategies. If deviations occur, particle
identity will guide the root cause analysis, risk assessment, corrective actions, and control
strategy. 
Protein aggregates inherent in therapeutic protein products generally consist of a
heterogeneous population, and therefore size alone does not adequately describe them. Other
important characteristics include morphology, the ability to dissociate, the protein
conformations (or higher-order structures) within the aggregates, and the chemical
modifications present (1). 
Size is the attribute that has been monitored historically and remains a primary descriptor.
When measurements are reported, they should include the size range measured and technique
used. Thus, subvisible particles could also be described as aggregates/particles between 1 and
100 µm based on: the equivalent circular diameter, determined using LO; the longest chord,
using light microscopy; the equivalent spherical volume, using electrical zone sensing; or other
relevant dimensions obtained using other available technologies. The sample preparation,
determination method, and algorithms applied are all important factors to include when
presenting the results. 
The ability of any aggregate species to dissociate and the conditions required to accomplish
this are also important characteristics. Sample preparation could affect the results obtained if
the aggregates are dissociable; therefore, understanding this aspect of the aggregates is
critical when selecting techniques for counting, measuring, and characterizing them. The
reversibility of protein aggregates can be assessed by diluting the aggregates into the
formulation buffer, physiological conditions, or other solutions and then re-analyzing them with
the original technique. Ability to dissociate (reversibility) is thus a characteristic of protein
aggregates that can inform sample handling and preparation (e.g., dilution conditions) for
particle counting, as well as product risk assessment under conditions of use (e.g., dilution into
infusion solutions or physiological media). 
The structure and conformation of protein molecules in the aggregates can be investigated
using several biophysical techniques. The findings may then advance understanding of
underlying mechanism(s) involved in formation of these aggregates. It is also useful to know
about the presence of chemical modifications such as oxidation, deamidation, cross-links, or
fragments in the aggregate. Conformation of protein molecules within protein aggregates, as
well as their state of covalent modification, may help explain the potential biological impact of
the inherent particle. 
Morphology of the particles can serve as another descriptor, and also can help identify their
source. More specifically, characterization of morphology may allow one to distinguish between
particles that are inherent to the therapeutic protein product and those that are extrinsic or
intrinsic. Particles derived from protein aggregates are generally of irregular shape, whereas
those from other sources, such as silicone oil and air bubbles, tend to be spherical. The
morphology of protein aggregates also constitutes important data that can facilitate
comparisons across studies and over time. 
Table 1 provides an overview of protein aggregate characteristics that can be used to classify
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them.

Table 1. Description of Categories of Protein Aggregates (1)

Category Classification

Size

<100 nm (nanometer)
100–1000 nm (sub-micrometer)

1–100 µm (subvisible)
>100 µm (visible)

Reversibility

Reversible
Irreversible
Dissociable

Dissociable under physiological conditions
Dissociable under defined (list) conditions

Secondary/Tertiary structure

Native
Partially unfolded

Unfolded
Inherently disordered

Ordered (e.g., amyloid)

Covalent modification

Cross-linked (reducible and nonreducible)
Intramolecular modification

Oxidation
Deamidation

Fragmentation
No modification

Morphology

Number of monomeric subunits
Aspect ratio

Surface roughness
Internal morphology
Optical properties

Heterogeneous (e.g., protein–silicone oil)

Silicone oil: A standard lubricant in pharmaceutical products and packaging. It may contribute
to elevated particle counts in products. Assessing the effect of silicone oil on particle counts in
therapeutic protein injections, where relevant, is critical to the overall particle control strategy.
In parenteral manufacturing, silicone oil is used primarily to facilitate packaging component
handling, alleviate adherence of rubber parts, allow free stopper flow in the bowl/hopper, and
promote tracking onto the waiting, filled container. Silicone oil is also used as a lubricant to
decrease glide force and allow plunger stopper movement in glass, pre-filled syringe
presentations. For parenteral container preparation, controlled stages of washing, rinsing,
siliconization, and sterilization are routine. The tumbling of closures (e.g., vial stoppers) with a
measured amount of silicone has been a routine process for uniformly coating surfaces before
use. Application of a known amount of an accepted lubricant, rendered sterile, is common. 
Excess or free silicone can migrate from the product–contact surface into the fill over time
during product storage and use. Silicone oil droplets can contribute significantly to the
subvisible particle counts of the product, specifically, particles in the <10-µm range in the case
of therapeutic protein injections. The particle count depends on the amount of silicone oil, and
only a small amount is needed to have a significant effect on particle counts (2). 
Within therapeutic protein products, protein may become adsorbed to silicone oil droplets.
Agitation resuspends and rearranges the oily matrix into different particle forms and sizes. The
size range of the silicone oil droplets in protein formulations may be similar to inherent protein
particles, but the morphology and optical properties of the two substances differ. Silicone oil in
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aqueous solution is typically spherical, with a higher refractive index than that of protein
aggregates and a regular decrease in contrast from the outside to the center of the particle.
This is unlike protein aggregates, which are typically amorphous and translucent and have a
refractive index very similar to the protein monomer background of the drug formulation. These
distinctions can be used to develop algorithms for differentiating silicone oil particles from
protein particles. It is also possible to monitor changes in one population and distinguish them
from changes in the other. 
Because silicone oil serves a function in the product, particle counts arising from the oil are
considered intrinsic and generally will vary over time. However, poorly controlled application
processes can lead to excessive amounts of silicone oil. Careful design, control, and application
of the silicone oil are recommended to obtain proper functionality with the minimum amount
needed for the shelf life of the product.

PARTICLE STANDARDS

Analysis of particle size distribution depends on the instrument used and its method of
calibration. Some available particle standards (count and size) are polystyrene latex beads,
mono-disperse silica or polymethylmethacrylate (PMMA) beads, and polydisperse glass beads.
All of these standards are spheres, with a refractive index and density that are distinctly
different from those of therapeutic protein products. Because typical protein particles have
irregular morphology and low optical contrast, there are currently no standards available. 
Protein particles have a refractive index that is quite close to that of the matrix solution. This
difference in refractive index is a critical parameter for detection of protein particles by
methods that rely on light interaction to measure size distribution. It is important to establish
standard reference materials that mimic the properties of protein particles (3). These standards
should serve as surrogates for the actual protein particles in that the surrogate's properties
mimic those of actual proteins for the detection method of choice. This approach is necessary
because standards using proteins are limited by the following factors: (a) storage and transport

should be at temperatures close to 80  to achieve acceptable stability; (b) any non-ambient
technique may affect the standard; and (c) protein particles are themselves quite variable,
making it difficult to have a single protein that would match all applications.

SUBVISIBLE PARTICLE MEASUREMENT AND CHARACTERIZATION TECHNOLOGIES

The following sections review the advantages, limitations, and appropriate uses of each
methodology (see Table 2) that allows assessment of a variety of characteristics of the
inherent protein aggregates, including size and distribution, size and morphology, and
characterization. The methodology selected will affect reported particle size because of
instrumental measurement principles, mode of measurement, particle characteristics,
preparation, and handling. It can also be affected by the algorithms applied to estimate size,
volume, and count. Thus with any size measurement, the method used should be specified.
Also, the units should be clearly stated, because size can be provided using various
parameters, usually hydrodynamic diameter, equivalent circular diameter (ECD), longest chord,
equivalent spherical diameter (ESC), Feret's diameter, or molecular weight.

Table 2. Methodologies Useful in Measuring Properties of Subvisible Particles
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Section I: Size and Distribution

Technique Principle of Operation Range

Turbidimetry and
nephelometry

Estimation of the particle size distribution is attained by
measuring the interaction of light with suspended
particles, by either the reduction of intensity of
transmitted light (turbidimetry) or light scattering
(nephelometry). 0.035–50 µm

Light obscuration

The size of the particle in the product fluid is
determined by the amount of light that it blocks when
passing between the source and the detector. 1–300 µm

Electrical sensing
zone (Coulter)

The size of the particle in the product fluid or selected
electrolyte is measured in terms of the change in
resistance as the particle passes through a micro-
channel (orifice). 1–1600 µm

Laser diffraction

The size of the particles in product fluid or dilution is
determined by measuring the angle of the scattered
light. 0.1–3500 µm

 
Section II: Size and Morphology

Technique Principle of Operation Range

Light microscopy
Photon imaging of substances directly in product fluids
or mounts, or of isolated specimens on substrates 0.3 µm to 1 mm

Flow imaging analysis

Digital image capture of the particles' magnified image
in streaming product fluid, revealing size, shape, and
optical properties

0.7–100 µm for
size

distribution; 4–
100 µm for
morphology

Electron microscopy
(EM): Scanning EM,
scanning transmission
EM, and transmission
EM

Electron imaging of specimen isolates on substrates.
High vacuum or near-ambient pressures is required.  to mm

 
Section III: Characterization

Technique Principle of Operation Range
Fourier Transform
Infrared (FTIR)
microspectroscopy Photon imaging of isolated specimens on substrates 10 µm to 1 mm
Dispersive-Raman
microspectroscopy

Photon imaging of isolated specimens on substrates, or
in product fluids or fluid mounts 0.5 µm to 1 mm

Electron microscopy
(EM) with energy-
dispersive X-ray
spectrometry (EDS)

X-ray photon emission from specimens energized by a
focused electron beam

 to mm for
imaging; 1 µm
to 1 mm for
elemental

composition
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Electron microscopy
(EM) with electron
energy loss
spectroscopy (EELS)

Inelastic scattering from specimens energized by a
focused e-beam; e-loss is characteristic of the source
element; complementary to EDS

 to mm for
imaging; 0.5 µm

to 1 mm for
elemental

composition

The accuracy of equipment used to determine particle size distribution is verified by calibration
with standard reference particles of known size properties that are ultimately traceable to the
international standard for length. 
The concept of three-dimensional particle size is critical to understanding how particle
standards interact with the various types of measurement equipment and how to compare the
results across methodologies. Different techniques use different measurements and algorithms
to determine size (e.g., volume equivalent diameter, surface equivalent diameter, and drag or
Stokes diameter).

SIZE AND COUNT DISTRIBUTION

Turbidimetry and Nephelometry (working range 0.035–50 µm)

PRINCIPLE OF OPERATION

A method that measures the intensity of scattered light (nephelometry) or the reduction of
intensity of the transmitted light beam (turbidimetry) through a solution that contains
particulate matter. The method allows estimation of the particle-size distribution or an average
size for particles based on light-scattering theory.

Advantages
Simple and easy to use
Relative and qualitative assessment of aggregate/particle growth
Limited sample preparation
Robust methods with good reproducibility
Used either offline or online
High sample throughput.

Limitations
Observed signal depends on both size and concentration of particles
No information on individual particle properties such as shape, size, or nature of
aggregates
Suitable only for comparative measurements
Background turbidity from high-concentration protein solutions may confound results
Incorrect wavelength selection can lead to erroneous results caused by protein or other
particle absorption
Particle-size distribution or average-size estimation possible for spherical, isotropic
homogeneous particles and in the absence of multiple scattering.

Light Obscuration (working range 1–300 µm)

PRINCIPLE OF OPERATION
The sample is passed between a light source and a sensor. Counts are generated when
individual particles pass between the two, disrupting the light, which yields a voltage spike. The
height of each voltage spike depends on the size of the particle causing it. The particle size to

PF 39(6): Nov.-Dec. 2013 72



be recorded is generated from a size–voltage response calibration curve constructed using
mono-sphere, certified reference size standards (typically polystyrene beads). LO tabulates
particle size as the diameter of a circle having an equivalent cross-section. The product may
be sampled directly from the container, pooled from several containers, or prepared as a

dilution (see general chapter Globule Size Distribution in Lipid Injectable Emulsions 729 ,

general chapter 788 , general chapter Particulate Matter in Ophthalmic Solutions 789 ,

and general information chapter 1788 ).

Advantages
Primary USP–NF method with large archive of historical data
Particles directly observed in solution
Measurements are straightforward and quick
Capable of unit–unit sampling; analyzes almost entire sample
Easily implemented
Medium-to-high sample throughput.

Limitations
Tabulates particle size as the diameter of a circle having an equivalent cross-section
Dilution of the sample may be required and may change sample properties
Upper limits for particle load that can be measured depend on sensor used and potential
for coincidence counting
May underestimate subvisible protein particles formed in formulation because of low
contrast
Medium should be transparent for laser light
Sensitive to air bubbles, and some degassing techniques can change sample properties
Destructive, i.e., sample cannot be reused.

Electrical Sensing Zone (Coulter Principle) (working range 1–1600 µm)

PRINCIPLE OF OPERATION

The sample is diluted into an electrolyte solution and drawn through a small aperture, passing
between active electrodes, interrupting an electric field. Response is based on the
displacement volume of the electrolyte, and thus size is reported as the equivalent spherical
diameter (the diameter of a calibration standard sphere of the same volume as the particle).
The response is unaffected by particle type (e.g., variations in color, hardness, opacity,
refractive index).

Advantages
Determines particle size in terms of equivalent spherical volume
Not affected by optical properties of the solution
Orthogonal technique to light-based methods, i.e., LO
Medium-to-high sample throughput for a single orifice.

Limitations
Low particle concentration required
Each orifice has limited measuring range (2%–60% of orifice diameter)
For broad particle size distribution, more than one orifice may be necessary, which will
involve reduced sample throughput
Sample must be diluted in electrolyte solution if the formulation buffer does not have
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sufficient conductivity; the dilution may alter sample properties
Smaller orifices require higher conductivity of medium and can require significantly
increased buffer concentration
Destructive, i.e., sample cannot be reused.

Laser Diffraction (working range 0.1–3500 µm)

PRINCIPLE OF OPERATION

Laser diffraction detects particles passing through a laser beam as they scatter light at an
angular distribution of intensity that depends on the size of the particles. Therefore, it is
possible to calculate particle size distributions if the intensity of light scattered from a sample is
measured as a function of angle. This angular information needs to be compared with a
scattering model (Mie theory) to calculate the size distribution.

Advantages
Brief analysis time (up to 30 s)
Analytical samples can be retrieved
Limited sample preparation
Scattering pattern allows molecular mass calculation
High sample throughput
Large dynamic range.

Limitations
Intensity is directly proportional to size, which can lead to misinterpretation of the
population
Analysis relies on a theoretical fit that requires refractive index and other optical factors
Medium should be transparent for laser light
Assumes particles are spherical and not interacting with each other
Low concentration of particles required; dilution may be necessary and may change
sample properties
Complications can occur when comparing data from one instrument vendor to another
Particle–particle interactions and occasionally multiple scattering may yield apparent
size results that differ significantly from actual particle size
Poor results for poly-dispersions when small and large particles are presented
simultaneously
For exact molecular weight calculation, mono-disperse particles are required.

SIZE AND MORPHOLOGY

Light Microscopy (working range 0.3 µm to 1 mm)

PRINCIPLE OF OPERATION

Optical or light microscopy involves passing light through a series of lenses after it is
transmitted through or reflected from the prepared sample. The light is detected directly by the
eye, imaged on a photographic plate, or captured digitally. Samples can be analyzed directly or
after filter capture. Light microscopy can be combined with static imaging analysis, thereby
allowing digital images to be captured and further deconvolved using the software systems in
image analysis. When using image analysis, one may select certain parameters to screen out
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unwanted artifacts or particle populations (circularity, aspect ratio, and others) and then begin

studying the selected population set (see general chapter Optical Microscopy 776 , general

chapter 788 , general chapter 789 , and general information chapter 1788 ).

Advantages
Direct observation of particles in product fluid and filter capture
Visualization, counting, sizing, and morphological characterization of particles are readily
obtained
Direct observation of particle may provide immediate recognition and identification
Can be coupled with spectroscopic analyses (infrared, Raman) to identify chemical
composition
Particle identification can be enhanced via image database search and comparison
Only small sample volume is needed for direct observation

Membrane filtration is secondary to the 788  LO method.

Limitations
Time consuming
Low sample throughput
Limited depth of field at high magnification can affect sizing accuracy
Only a small sample volume is analyzed, so sampling must be done carefully
For filter-captured samples, protein particles can pass through membranes and may
present as amorphous background
For filter-captured samples, potential exists for sample preparation artifacts
Difficult to visualize particles with low optical contrast; must use phase, differential
interference contract microscopy, polarized light microscopy, and other methods
Destructive, i.e., sample cannot be reused for filter-captured samples.

Flow Imaging Analysis [working range 0.7–100 µm (size) and 4–100 µm (morphology)]

PRINCIPLE OF OPERATION

This method captures digital images of materials within a flowing sample stream and uses post-
collection analyses of the stored images. As in optical microscopy, which is essentially a static
image analysis system, dynamic image analysis or flow microscopy captures multiple separate
images, in this case using a dynamic, flowing system. Dynamic image analysis uses the
components of illumination, objective lens, and focusing lens of a microscope, and adds a
closed fluid pathway within a defined dimensional flow cell, plus camera and processor for
acquisition and analysis. Thus, the method provides in-situ conditions with realistic views of the
particles. Visualization of the particles of gas, liquid, semi-solids, or solids with this technique
aids the interpretation of other in-suspension measurements that cannot visualize the particles
being studied. The particles are moving and are likely tumbling, and this must be accounted for
in the system design or data consideration. Increasing the system magnification and pixel
resolution and reducing the flow cell depth will augment the quality of the captured image. An
additional advantage of dynamic flow microscopy is the ability to apply size and feature
analyses to the particle image. Also, any number of additional algorithms may be applied to
study the collected image set as necessary. Particle image clarity, contrast, and shape may
indicate possible source or type of particle, and with sufficient comparator data, mathematical
filters can be applied to analyze and quantify different populations in a sample. This approach
has been used to help distinguish silicone oil from protein aggregates.
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Advantages
Direct observation of particles in product fluid (in situ)
Analysis of captured digital images allows visualization, counting, sizing, and
characterization of particles
Retained images may be further analyzed by different algorithms
Actual particle images facilitate understanding of contamination sources and product
nature
Compared to LO or membrane microscopy (MM), increased sample volume and reduced
analysis time
Morphology and relative refractive index of particles apparent, easily calibrated
Technique can be used with image databases to identify some particles
High repeatability, high resolution, and good selectivity
Medium-to-high sample throughput.

Limitations
Minimum particle size necessary
Results dependent on algorithm used to select, classify, and size particles
Difficult to visualize and appropriately quantify number and size of particles with low
optical contrast, such as translucent proteins
Dilution of sample may be required and may change sample properties
Destructive, i.e., sample cannot be reused.

Electron Microscopy (working range Angstroms to mm)

PRINCIPLE OF OPERATION

In EM, a beam of electrons is used to illuminate the samples and produce a magnified image.
The practical spatial resolution limit of EM for biological samples is approximately 1 nm, which
greatly exceeds resolution requirements for typical >0.1-µm particles in protein solutions. For
EM analysis, subvisible particles should be either individually isolated or captured on a suitable
filter and then mounted onto special grids or stabs for observation in the microscope.
Traditional EM operates in high vacuum (about 10–6 Torr). Sample drying and coating is a
required preparation step. Newer technologies allow examination of uncoated, as-is samples
(environmental or wet EM). Detection techniques are divided as follows: (a) scanning electron
microscopy (SEM), which may use secondary electron or back-scattering signals; (b)
transmission electron microscopy (TEM), which visualizes electrons penetrated through sample;
and (c) scanning tunneling electron microscopy (STEM), which combine SEM and TEM principles

(see also general information chapter Scanning Electron Microscopy 1181 ).

Advantages
Visualization, counting, sizing, and morphological characterization of particles are readily
obtained
Direct observation of particle may provide immediate recognition and identification
High repeatability, high resolution, and good selectivity
Information about chemical composition of object can be obtained using energy-
dispersive spectroscopy (EDS) or electron energy loss spectroscopy (EELS) (see below)
Enhanced depth of field compared with photon methods
Image analysis and building permits quasi-3D imaging of particles.

Limitations
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Time-consuming preparation and analysis
Low sample throughput
Possible changes in structure and size may arise from sample preparation and high-
vacuum operation
Specialized sample preparation requirements may exist, depending on the nature of the
sample
Contrast staining with heavy metals salts may be required for enhancing protein samples
Protein particles are flexible and can pass through membranes
Destructive, i.e., sample cannot be reused.

CHARACTERIZATION

Characterization of the protein active ingredient includes not only size distribution assessment
but also determination of the chemical nature of the primary protein as well as conformation,
aggregation, and self-associated species (see Table 1). The size of the fundamental particle–
aggregate is important; however, the nature of the solids and the association with other
species are similarly important.

Fourier Transform Infrared (FTIR) Microspectroscopy (working range 10 µm to 1 mm)

PRINCIPLE OF OPERATION

When light interacts with a substance, the light can be reflected, absorbed, or scattered.
Infrared spectroscopy determines the vibrational properties of matter, typically in the 200–4000
cm–1 range, by analyzing the interaction with light while detecting the absorption of photons.
In addition, the use of microscopy-based instruments, thus microspectroscopy, allows selection
of individual particles or domains of interest, with the benefit of filters and polarizers for
microscopes and the ability to capture an image, along with vibrational or other imaging data.
Vibrational spectroscopy techniques are particularly useful for analysis of particles in protein
solutions. 
Particles can be isolated individually or captured on a membrane filter and then analyzed using
FTIR microscopy. Because the infrared signal from water interferes strongly with protein bands,
these samples usually require thorough drying before analysis. Typically, FTIR microscopes can
operate in either image mode or spot mode. In image mode, the infrared signals are collected
from individual pixels in the pre-defined area. However, spot mode usually provides higher
signal-to-noise ratio, because the combined infrared signal is collected from the area defined by
the aperture size. Many organic compounds have unique infrared signatures. Spectra collected
for an individual particle can be analyzed by performing an infrared spectra library search or by
comparing the particle’s spectra results with those of suspected materials. See general chapter

Spectrophotometry and Light-Scattering 851  for more information.

Advantages
Microspectroscopy has the same sample advantages as LM
FT instruments excel compared with dispersive spectrometers (grating monochromator)
for particle analysis
Provides rapid chemical identification and classification of particles, manually or
automatically, in comparison with spectral databases
Identification, structure, and composition can be derived from spectral data
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Provides some information on protein structure
Nondestructive; samples can be reused.

Limitations
Microspectroscopy has the same limitations as LM
FTIR provides strong absorption for common materials, such as silicones, water, and
glass, which may interfere with or hinder sample analysis
Identification depends on availability of information on possible components in spectral
libraries
Particle size limit is dependent on instrument resolution (~10 µm for FTIR)
Process of particle identification becomes time consuming, if not available in a database
FTIR is not sensitive to many inorganic materials.

Dispersive-Raman Microspectroscopy (working range 0.5 µm to 1 mm)

PRINCIPLE OF OPERATION

As with infrared spectroscopy, Raman spectroscopy is the study of how light interacts with a
substance. A defined, monochromatic photon source (laser) is focused on the sample, thereby
producing reflectance, absorption, and scatter, probing the same vibrational states probed by
infrared microspectroscopy. Specifically, Raman spectroscopy is the study of the inelastically
scattered photons (Raman scattering). Photons are also scattered elastically (Rayleigh
scattered) with no change in wavelength, but are of use only to mark the laser excitation
energy. A virtual excitation state is attained, which then relaxes to a base vibrational or
rotational state, emitting energy characteristic of a functional group such as molecular and
related atoms. Lower (Stokes) and higher (anti-Stokes) shifts are recorded due to interaction
with the electron cloud of the functional group bonds. Lasers are used because only a very
small proportion of Raman-scattered photons (only about 1 in 106–108) exhibit wavelength
shift. Raman microspectroscopy combines a light microscope with a coincident laser and white
light pathway. The microscope, with the benefit of filters and polarizers, aids in selection of
individual particles or domains of interest to allow capturing of an image, along with vibrational
spectra. 
Fourier-Transform Raman is generally complementary to dispersive Raman, and in using longer
wavelength excitation yields little sample fluorescence. One important advantage of Raman
microscopy compared with infrared is the ability to analyze aqueous samples directly, often in
glass sample holders. Individual particles can be analyzed in situ, and in some cases directly in
the container, if it does not interfere with the Raman signal. Similar to the infrared analysis,
unknown spectra can be analyzed either by a spectral library search or by matching the
spectra of individual reference compounds. 
Raman spectroscopy theory and techniques are further described in general information chapter

Raman Spectroscopy 1120 .

Advantages
Same sample advantages as LM
Dispersive instruments excel over Fourier-Transform spectrometers for particle analysis
Rapid chemical identification and classification of particles, manually or automatically by
comparison with spectral databases
Identification, structure, and composition can be derived from spectral data
Provides some information on protein structure
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Good lower size limit; instrument resolution is ~0.5 µm for dispersive-Raman technique
Raman analysis viable for many organic and most inorganic compounds
Identification uses Raman shift data, known for molecular categories and functional
groups
Nondestructive; samples can be reused
Glass and plastic packaging have weak Raman spectra, thus interference from
packaging is minimized.

Limitations
Same limitations as with LM
Specimen fluorescence may hinder data collection
With sensitive samples, there can be laser-induced changes (heat, light)
Many organic species yield no Raman shift, e.g., no dipole moment
Identification may depend on the information available in proprietary and public spectral
libraries.

Electron Microscopy (EM) with Energy-Dispersive X-Ray Spectrometry (EDS or EDX)
(working range for qualitative analysis, 0.1- to 3-µm particles; for semi-quantitative

analysis, >3-µm particles)

PRINCIPLE OF OPERATION

Energy-dispersive X-ray spectrometry (EDS or EDX) is based on characteristic X-ray photon
emission generated from a specimen through interaction with a high-energy source, such as an
electron beam. Typically, an elemental intensity is plotted against X-ray emission energy, which
correlates with the content of atomic valence shell transition energies. Current instrument
technology uses thin-window and windowless detectors positioned near the sample in EM
systems, which improves detection and signal-to-noise ratio for all elements, especially lighter
elements, e.g., Z < 11 (sodium). Immediate, qualitative elemental composition is attained for

solid specimens (see also general information chapter 1181  for general EM and related EDS
background information).

Advantages
Complementary to EM and available for most commercial electron microscopes
Determines elemental composition of the sample

Rapid qualitative collection for small particles
Semi-quantitative analysis (1% LDL and ±20% RSD) possible in controlled
experiments

Most useful during survey investigation of particle origin
Involves manual elemental screening and/or search of databases
Elemental mapping can assist in protein particle visualization.

Limitations
Not all instruments are equipped for determination of light elements (e.g., Z < 11)
Quantitative analysis entails measuring line intensities for each element in the sample
and for the same elements in calibration standards of known composition
Strong background may be contributed by filter membrane material and sample coating.

Electron Microscopy (EM) with Electron Energy Loss Spectroscopy (EELS) (working
range 0.5 µm to 1 mm)
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OPERATION PRINCIPLE

Electron energy loss spectroscopy (EELS) measures the vibrational motion of atoms and
molecules on and near the surface by analyzing the energy spectrum of low-energy electrons
back-scattered from it.

Advantages
Used in conjunction with transmission electron microscopy
Determines elemental composition of the sample, especially light elements (e.g., Z < 11)
Can provide information about chemical bonding
Qualitative and quantitative analyses are possible
Has lower detection limits than in EDS.

Limitations
Difficult to interpret
Strong background
Quantitative analysis entails measuring line intensities for each element in the sample
and for the same elements in calibration standards of known composition.

STRATEGY

Particles in therapeutic protein products generally have continuous size distributions with
exponentially higher numbers of the smaller (<10 µm) particles. Information generated from
analysis of inherent protein particles can be used for guiding development efforts and to
facilitate communication and understanding of this important quality attribute of therapeutic
protein products. A rational strategy should be developed for characterizing protein aggregates
or particles. The categories in Table 1 provide a guideline for differences observed between
types of protein aggregates, recognizing that size distribution analysis of these species is
important, but it is not the only informative characteristic. Describing the characteristics of the
protein aggregates in the manner shown in Table 1 can help define the population and/or
characteristics that may be the most important for assessment of effect on stability, safety,
and other considerations. 
A variety of analytical techniques must be applied to obtain comprehensive characterization of
entire particle distributions and to achieve a better understanding of inherent particles as
quality attributes of therapeutic protein products. There are a number of techniques available
to measure and characterize particles, each with its advantages and limitations. Multiple
methods are needed because they differ in their ability to analyze specific attributes of the
particle. By using orthogonal methods, one can better ascertain the nature of the particles
(extrinsic, intrinsic, or inherent), the size distribution, and other aspects that may allow
differentiation between particles. Information about the particle characteristics can be used to
perform a risk assessment around the presence of aggregates and to help identify potential
mechanisms of formation. This knowledge about the particles' characteristics can also be used
during formulation and process development to inform choices of the formulation and process
steps, which can help in reducing the overall particle content of the drug product. 
A comprehensive strategy for assessing subvisible particles involves multiple phases while the
protein progresses through the development life cycle. The process begins as early as
candidate selection, with the use of high-throughput techniques to predict particulate-forming
tendency. This involves using small amounts of material and providing a relative ranking of
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aggregation propensity.

Early Development

At this stage, the focus is on understanding the typical particle profile for the product,
including the size distribution and the characteristics of the aggregates most commonly seen in
the drug product. The particle size and count in the 1- to 100-µm range should be monitored at
the time of manufacture and during stability.

Late Development

At this stage, the focus is on understanding the drug product and comparability between lots,
as well as the linkage between particle size analysis and formulation, manufacturing, and use.
Particle size and count in the 1- to 100-µm range should be monitored in clinical batches.
Enhanced characterization of aggregates and particles, including pivotal product batches,
should be performed. Quantitative and qualitative data about the subvisible particles formed
under storage, use, and stress conditions should be collected, and risk mitigation strategies
created. When the final method for monitoring the product’s particle size and count is chosen,
control strategies for inherent and intrinsic particles should be established. The overall control
strategy developed may include action limits beyond which an investigation may be warranted.

Post-Marketing and Life Cycle Management

At this stage, one should collect data over commercial batches to align with the overall control
strategy, which may include the sub-10-µm (1- to 10-µm) range. Use quantitative as well as
qualitative analysis during the management changes for the post-marketing life cycle. When an
investigation occurs, the knowledge obtained during development can be used to design
mitigation strategies. Stability studies are also part of life cycle management, and are
addressed later in the Application section.

Overall Perspective

In-depth characterization of aggregates during development, coupled with correlation of results
from these tests to those used for product release (such as LO), may provide the basis for a
rational, overall control strategy. Aggregates are usually present in a continuum of size from
oligomers to particles that are hundreds of micrometers. If a correlation (or mathematical
relationship) can be demonstrated in the counts of particles from oligomers through the >25-µm
sizes assessed as part of the compendial method, it might be possible to rely on the LO
determination of the >10- and >25-µm particle content to reveal the effect of changes and
trends in manufacturing on 1- to 10-µm particles. In this situation, the overall control strategy
would be used to establish action limits for particles >10 µm, which when exceeded would
trigger an investigation, including the characterization methods discussed in this chapter.

SAMPLE CONSIDERATIONS

Certain aspects of sample handling and volume require special consideration. Handling and
degassing procedures need to be developed and applied to avoid artifacts such as false
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positives attributable to bubbles, or aggregates generated during the sample preparation steps.
Under certain circumstances, dilution of samples may be necessary to obtain reliable results.

Aspects of this topic are described in chapter 787 .

APPLICATION

A key focus during development of a protein drug product is to gain knowledge about the
nature, source, and number of inherent particles/aggregates present in the therapeutic formula,
as well as their stability and overall effects on product quality, safety, and efficacy. 
Protein aggregates in the 1- to 10-µm size range may also carry a risk of potentiating
immunogenicity against the therapeutic activity (4,5). From a product-development
perspective, changes in the concentrations of proteinaceous subvisible particles, particularly in
the 1- to 10-µm range, can be an early and sensitive indicator of potential issues with product
stability (6,7). Apart from stability, particles in these size ranges should also be measured as
part of the risk assessment exercise to improve understanding of how various stressors and
conditions of use affect the product. These conditions could include thermal, freeze/thaw,
light, transport, dilution/admixture, and use characteristics. Particle counts in the 1- to 10-µm

range tend to be significantly (orders of magnitude) greater than those in the 10-µm range.
This makes the 1- to 10-µm range useful for the purpose described above, because changes
can be easier to observe. However, the counts also tend to be quite variable, and thus the
ability to discern trends requires proper controls, adequate sampling, and good technique. 
Detailed characterization of subvisible particles, especially inherent particles, provides
information that can support the formulation and product development program, leading to a
robust process and commercial control strategy. On the other hand, although characterization
alone may not reveal possible correlations between an immune response and
aggregates/particles, the use of multiple methods applied to multiple drug product lots helps
inform the definition of product quality, which can be linked to safety and efficacy data
obtained from clinical trials. This knowledge is also useful in life cycle management, such as
movement of product between manufacturing sites, changes in presentation (liquid to
lyophilized; vial to pre-filled syringe), and changes in strength. 
To illustrate these points, two examples are presented below; they show ways that
complementary techniques can be used to gain product knowledge.

Example 1: Comparison of Drug Product Configurations

Not all drug products are formulated as liquids. In one case of a lyophilized drug product filled in
glass vials, a liquid formulation in a pre-filled syringe configuration was developed to facilitate
patient administration. A comparison of subvisible particle counts by LO was expected to show
that the particle count of the reconstituted lyophilized formulation was higher than in the liquid
formulation, but the opposite results were observed, with the liquid formulation containing
significantly higher levels of particles >2 µm [~130,000 particles per container (ppc) compared
to ~30,000 ppc]. These samples were then assessed by the MM method, and the results were
more consistent with the expected outcome: for particle sizes >5 µm, the lyophilized
formulation contained ~70 ppc compared to ~14 ppc for the liquid formulation. Analysis was
then performed using flow microscopy to understand the discrepancy in results between the
MM and LO methods. Flow microscopy supported the LO results, with the liquid formulation
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showing higher numbers of particles >2 µm (~600,000 ppc) compared to the lyophilized
formulation (~150,000 ppc). Examination of the structure of the particles revealed a different
morphology in the liquid formulation, with a predominant number of the particles exhibiting a
spherical shape, consistent with the presence of silicone oil droplets from the pre-filled syringe
container. These results were confirmed by testing a sample of the liquid formulation that had
not been exposed to the pre-filled syringe (the source of the silicone oil), which showed
<20,000 ppc. Once the silicone oil droplets were accounted for, the number of remaining
particles in the liquid formulation in the pre-filled syringe was lower than in the lyophilized
formulation, consistent with the MM results.

Example 2: Selection of Filling Technology

Filling processes can affect product quality by introducing physical stresses such as adsorption,
shear, friction, and cavitation, which may lead to protein aggregation. Certain drug product
filling pumps may shed extrinsic particles that can lead to heterogeneous nucleation-induced
aggregation. 
The effect of using a stainless steel displacement piston pump on the subvisible particulate
content of solutions was investigated using multiple techniques to analyze the particulates in
solution (8). Coulter counter analysis of a buffer solution passed through the pump revealed
that the pump shed particles in solution, with the pumped solution containing >13,000 particles
per mL in the 1.5- to 6-µm range. Elemental analysis confirmed that the particles were stainless
steel. Analysis of the particle size distribution in this solution, performed using a laser diffraction
particle sizer, showed that most of the particles were between 0.25 and 0.95 µm. Incubation of
stainless steel nanoparticles with a solution of MAb-Y led to increases in both the number of
particles and the particle size distribution over time. Characterization of the particles by FTIR
spectroscopy showed that the protein adsorbed onto the metal particles contained a slightly
perturbed secondary structure compared to the protein in solution. It was concluded that the
metal particles served as nucleation sites for protein aggregation. In this case, selection of a
different type of filler may be warranted to mitigate protein aggregation. 
A comparison of the effect of different pump types on subvisible particulate formation in a
solution of MAb-Z was performed (9). Flow microscopy showed that piston pumps made of
either stainless steel or ceramic produced particles in the size range of 1–100 µm at levels
approximately 100-fold higher than the control samples. Examination of the microscopic images
of these particles revealed that the particles were translucent, suggesting they were protein
based. Incubation of the protein solution with shed particles from the piston pumps did not lead
to a significant increase in either the particle size distribution or particle counts for these
solutions, indicating that extrinsic particles did not serve as nucleation sites for the protein. In
this case, the formation of particles in the solution was considered to be from shear stress
caused during the pumping operation. These results were supported by examination of other
filler types (peristaltic, time-pressure, and rolling diaphragm), which produced solutions with
significantly lower particle load.

SUMMARY

This chapter provides strategies for identifying and characterizing extrinsic and intrinsic particle
populations, compared with the inherent proteinaceous particle populations in therapeutic
protein injections. Also described is the usefulness of identifying and characterizing these
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particle populations. Information regarding specific methods that can be used for these
purposes, as well as their advantages and limitations, is discussed. A rational, comprehensive
control strategy can be developed on the basis of an in-depth characterization of aggregates
during development, coupled with correlation of results from these tests to those used for
release. Aggregates are usually present in a continuum of sizes, from oligomers to particles that
are hundreds of micrometers. Correlation in the counts of particles from oligomers through the
>25-µm size, assessed as part of the compendial method, may make it possible to rely on the
LO determination alone to reveal changes and trends in manufacturing. In this situation, the
overall control strategy would be used to establish action limits for particles >10 µm, which
when exceeded would trigger an investigation, including the characterization methods
discussed in this chapter.
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BRIEFING

Beef Extract, USP 36 page 1145. It is proposed to update the specifications of this
reagent.

(HDQ: M. Marques.)    Correspondence Number—C109894

Comment deadline: January 31, 2014

USP38
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Change to read:
Beef Extract —A concentrate from beef broth obtained by extraction from fresh, sound, lean
beef by means of cooking with water and evaporating the broth at a low temperature, usually
in vacuum, until a thick, pasty residue results. Yellowish brown to dark brown, slightly acid,
pasty mass having an agreeable meat-like odor. Store it in tight, light-resistant containers.

For the following tests, prepare a test solution by dissolving 25 g in water to make 250 mL of a
practically clear and practically sediment-free solution.

Assay for nitrogen content of alcohol-soluble substances—Place a portion of the alcohol filtrate
and washings remaining from the test for Alcohol-insoluble substances, corresponding to 1 g of
the alcohol-soluble solids, in a 500-mL Kjeldahl flask. Add about 10 g of powdered potassium
sulfate and 20 mL of sulfuric acid. Heat the mixture at a low temperature until frothing ceases,
then raise the temperature and boil until the mixture acquires a pale yellow color or becomes
practically colorless. Cool the flask, add about 250 mL of water, and cautiously add sodium
hydroxide solution (3 in 10) until the contents are alkaline, then add 5 mL more. Connect the
flask at once by means of a spray trap to a condenser, the lower outlet tube of which dips
beneath the surface of 50.0 mL of 0.1 N sulfuric acid VS contained in a receiving flask. Distill
the mixture until about 100 mL of distillate has been collected in the acid. Add methyl red TS,
and titrate the excess acid with 0.1 N sodium hydroxide VS. Each mL of 0.1 N sulfuric acid is
equivalent to 1.401 mg of N. Not less than 60 mg of nitrogen is found.

Assay for nitrogen as ammonia—To 100 mL of test solution, contained in a 500-mL Kjeldahl
flask, add 5 g of barium carbonate and 100 mL of water, and by means of a spray trap,
connect the flask to a condenser, the lower outlet tube of which dips beneath the surface of
50.0 mL of 0.1 N sulfuric acid VS contained in a receiving flask. Distill the mixture until about
100 mL of distillate has been collected, add methyl red TS, and titrate the excess acid with 0.1
N sodium hydroxide VS. Each mL of 0.1 N sulfuric acid is equivalent to 1.703 mg of NH3. The
amount of ammonia found does not exceed 0.35% of the total solids in the portion of test
solution taken.

Total solids—Distribute 10 mL of test solution over clean, dry sand or asbestos, tared in a

porcelain dish, and dry at 105  for 16 hours: the residue weighs not less than 750 mg (75%).

Residue on ignition—Incinerate the residue obtained in the test for Total solids by heating the
dish to a dull-red heat: the residue does not exceed 30% of the total solids.

Chlorides calculated as sodium chloride—Dissolve the ash obtained in the test for Residue on
ignition in about 50 mL of water, and carefully transfer to a 100-mL volumetric flask. Add to the
solution a few drops of nitric acid and 10.0 mL of 0.1 N silver nitrate VS. Add water to volume,
and mix. Filter into a dry flask through a dry filter, rejecting the first 10 mL of the filtrate. To
50.0 mL of the subsequent filtrate add 1 mL of ferric ammonium sulfate TS, and titrate with 0.1
N ammonium thiocyanate VS. Each mL of 0.1 N silver nitrate is equivalent to 5.844 mg of NaCl.
The weight of chlorides calculated as sodium chloride obtained, when multiplied by 2, does not
exceed 6% of the total solids.

Alcohol-insoluble substances—Transfer 25 mL of test solution to a 100-mL conical flask, add 50
mL of alcohol, and shake thoroughly. Collect the precipitate on a counterpoised filter, wash it

three times with a mixture of 2 volumes of alcohol and 1 volume of water, and dry at 105  for 2
hours: the weight of the precipitate, representing the alcohol-insoluble solids, does not exceed
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10% of the total solids in the portion of test solution taken.

Nitrate—Boil 10 mL of test solution for 1 minute with 1.5 g of activated charcoal, add water to
replace that lost by evaporation, filter, and add 1 drop of the filtrate to 3 drops of a 1 in 100
solution of diphenylamine in sulfuric acid: no blue color is produced.

—A fine beige to light-tan powder obtained by extraction from fresh lean beef by means of
cooking with water and evaporating the broth at low temperature, usually under vacuum, and
dried.

Loss on Drying 731 : NMT 6.0%

Residue on Ignition 281 : NMT 18.0%

Amino Nitrogen: 2.0%–2.3%

Nitrogen: 8.0% to 18.0%

Chloride: NMT 7% of the total solids, calculated as sodium chloride

Microbial Content: NMT 104 cfu/g

BRIEFING

Cobaltous Acetate, USP 36 page 1156. It is proposed to correct the CAS number of this
reagent.

(HDQ: M. Marques.)    Correspondence Number—C135438

Comment deadline: January 31, 2014

Change to read:
Cobaltous Acetate (Cobalt Acetate),  Co(C2H3O2)2·4H2O—249.08 [71-48-7
6147-53-1

]—Red, needlelike crystals. Soluble in water and in alcohol. Use ACS reagent grade.

BRIEFING

Edetic Acid. It is proposed to add this new reagent.

(HDQ: M. Marques.)    Correspondence Number—C136068

Comment deadline: January 31, 2014

Add the following:
Edetic Acid (EDTA; Edathamil; Ethylenediaminetetraacetic Acid; [Ethylenedinitrilo]tetraacetic

Acid),  C10H16N2O8—292.24 [60-00-4]—Use ACS (Ethylenedinitrilo)tetraacetic Acid reagent
grade. 

BRIEFING

Magnesium Chloride, USP 36 page 1173. It is proposed to correct the CAS number of this
reagent.

(HDQ: M. Marques.)    Correspondence Number—C136418

Comment deadline: January 31, 2014

USP38

USP38

USP38
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Change to read:
Magnesium Chloride,  MgCl2·6H2O—203.30 [7786-30-3
7791-18-6

]—Use ACS reagent grade.

BRIEFING

Methylamine Hydrochloride. It is proposed to add this new reagent used in Identification
test C by Peptide Mapping in the monograph for Filgrastim.

(HDQ: M. Marques.)    Correspondence Number—C135059

Comment deadline: January 31, 2014

Add the following:
Methylamine Hydrochloride,  CH5N·HCl—67.52 [593-51-1]—Use a suitable grade. [Note

—A suitable grade is available as catalog number M0505 from www.sigma-aldrich.com.] 

BRIEFING

Octanesulfonic Acid Sodium Salt, Monohydrate. It is proposed to add this new reagent
used in the Assay and the test for Limit of 3-Acetylpyridine in the new monograph for Imatinib
Mesylate, published elsewhere in this issue of PF.

(HDQ: M. Marques.)    Correspondence Number—C105002

Comment deadline: January 31, 2014

Add the following:
Octanesulfonic Acid Sodium Salt, Monohydrate (1-Octanesulfonic acid sodium salt,

monohydrate), C8H17NaO3S.H2O—234.29 [207596-29-0]— Use a suitable grade with a
content NLT 99.0%. 

BRIEFING

Pancreatic Digest of Casein, USP 36 page 1180. It is proposed to update the
specifications for this reagent.

(HDQ: M. Marques.)    Correspondence Number—C109896

Comment deadline: January 31, 2014

Change to read:
Pancreatic Digest of Casein (a bacteriological peptone; Tryptone)—A grayish-yellow powder,
having a characteristic, but not putrescent, odor. Freely soluble in water; insoluble in alcohol
and in ether.

Loss on Drying 731

Analysis: Dry at 100  to constant weight.

Acceptance criteria: NMT 7.0%

Residue on Ignition 281

Analysis: Ignite 500 mg with 1 mL of sulfuric acid.

USP38

USP38

USP38
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Acceptance criteria: NMT 75 mg (15%)

Microbial Content: NMT 104 cfu/g

Nitrogen Content (Reagent test)

Analysis: Determine by the Kjeldahl method.

Acceptance criteria: 9.0%–14.0% is found

Bacteriological test—Prepare medium of the following composition:

2% of digest, 0.5% of sodium chloride, and 1.5% of agar in purified water.

Adjust with diluted hydrochloric acid or diluted sodium hydroxide to a pH of 7.2–7.4. Autoclave

at 121  for 15 min.

Growth-supporting properties—Slants of the above medium, inoculated with Escherichia coli
ATCC 25922, Enterobacter aerogenes ATCC 13048, Salmonella enterica ATCC 14028,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 25923, and
Staphylococcus epidermidis ATCC 12228, show characteristic growth after incubation for 24 h.

The above medium, to which 5% of sheep blood or rabbit blood has been added, and which has
been inoculated and poured into Petri dishes, shows characteristic alpha or beta zones around
colonies of Streptococcus pneumoniae ATCC 6305 and Streptococcus pyogenes ATCC 49117,
recognizable within 24 h and fully developed after 48 h of incubation.

The above medium, to which 10% of sheep blood or rabbit blood has been added, and which

then has been heated to 80 –90  until the blood has turned chocolate-brown, permits the
growth of Neisseria gonorrhoeae ATCC 19424 colonies within 48 h when incubated in an
atmosphere containing 10% of carbon dioxide.

Amino Nitrogen: 5.0%–5.6%

BRIEFING

Papaic Digest of Soybean Meal, USP 36 page 1180. It is proposed to update the
specifications of this reagent.

(HDQ: M. Marques.)    Correspondence Number—C109898

Comment deadline: January 31, 2014

Change to read:
Papaic Digest of Soybean Meal—A soluble nutrient material prepared by the action of the
enzyme papain on soybean meal followed by suitable purification and concentration. It contains
fermentable carbohydrates.

Loss on Drying 731

Analysis: Dry it at 100  to constant weight.

Acceptance criteria: NMT 7.0%

Residue on Ignition (Reagent test)

USP38
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Analysis: Ignite 500 mg with 1 mL of sulfuric acid.

Acceptance criteria: NMT 75 mg (15.0%)

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.

Microbial Content: NMT 104 cfu/g

Nitrogen Content (Reagent test)

Analysis: Determine by the Kjeldahl method, using a test specimen previously dried at 105  to
constant weight.

Acceptance criteria: NLT 8.5% is found.

Amino Nitrogen: 1.8%–3.2%

BRIEFING

Pepsin, USP 36 page 1181 and PF 38(3) [May–June 2012]. It is proposed to revise the
Activity determination procedure, based on the information collected during the evaluation of
USP Pepsin for Assay RS.

(HDQ: M. Marques.)    Correspondence Number—C136420

Comment deadline: January 31, 2014

Change to read:
Pepsin [9001-75-6]
E.C. 3.4.23.1

—Use Pepsin (Enzyme Preparations) FCC, having an activity of 1.0 to 1.17 Pepsin units per mg.
Pepsin of higher activity may be reduced to this activity by admixture with pepsin of lower
activity or with lactose.

Activity Determination

Dilute hydrochloric acid solution—Dilute 30 mL of 1 N hydrochloric acid with water to 1000
mL. Adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary.

TCA solution—4.0% (w/v) of trichloroacetic acid in water.

Substrate solution—Transfer 4.0 g of USP Hemoglobin Protease Substrate RS to a 200-mL
volumetric flask, and dissolve in 75 mL of Dilute hydrochloric acid solution. Once the hemoglobin
is fully dissolved, adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1. Dilute with Dilute
hydrochloric acid solution to volume.

Standard solutions—Quantitatively prepare four serial dilutions of USP Pepsin for Assay RS in
Dilute hydrochloric acid solution covering the activity range of 0.45–0.90 of USP Pepsin U/mL.
[Note——Prepare these solutions immediately before use.]

Sample solution—Quantitatively prepare a solution of pepsin in Dilute hydrochloric acid
solution containing approximately 0.60–0.70 of USP Pepsin U/mL. [Note——Prepare immediately
before use.]

Procedure

USP38
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For the standard curve, prepare test tubes as follows (use tubes that can accommodate and
allow mixing on a vortex mixer of a volume of not less than 16 mL). Separately transfer 1.0-mL
aliquots of each of the Standard solutions into four test tubes—two tubes for the analysis of
each Standard solution and two blank tubes for each Standard solution. Prepare a substrate
blank by transferring 1.0 mL of Dilute hydrochloric acid solution into a single test tube. A full
set of tubes for obtaining the standard curve will require 17 test tubes.

For each pepsin sample being tested, prepare test tubes as follows. Separately transfer 1.0-mL
aliquots of the Sample solution into four test tubes—two tubes for the analysis of each sample
and two blank tubes for each sample.

To each of the blank tubes (the substrate blank, the Standard solution blanks, and the Sample
solution blanks), add 10.0 mL of TCA solution, and mix on a vortex mixer. Place all test tubes in

a water bath maintained at 25  ± 0.1 , and allow equilibration for 5 min. Add 5.0 mL of the

Substrate solution (previously equilibrated to 25  ± 0.1 ) to each of the blank tubes, mix on a
vortex mixer, and return the tubes to the water bath to incubate for 10 min. Using a stopwatch
and starting at time equals zero, rapidly pipet 5.0 mL of the Substrate solution (previously

equilibrated at 25  ± 0.1 ) successively and at intervals of exactly 30 s into each of the tubes
for analysis. Mix each tube immediately after adding the Substrate solution by mixing on a
vortex mixer, then return the tube to the water bath. Exactly 10.0 min after the addition of the
Substrate solution, stop the reaction by rapidly pipetting 10.0 mL of TCA solution into each
tube at intervals of exactly 30 s. Mix each tube on a vortex mixer, and remove all tubes from
the water bath.

Allow all tubes, including blanks, to sit at room temperature for 25 min. After 25 min, mix the
contents of each tube on a vortex mixer, and filter the contents through fluted paper filter into
clean tubes. [Note——A suitable filter is Whatman No. 41 ashless filter.] Discard the first 5 mL
of the filtrate from each tube. Re-filter each of the filtrates through the same paper.

Detector—280 nm

Cell—1 cm

Blank—Substrate blank

Analysis

Calculate the average absorbance for each of the filtrates.

Correct the absorbance for each of the Standard solutions by subtracting the average
absorbance of the Standard solution blank from the average absorbance of the Standard
solution. Plot a standard curve of the corrected absorbance of each Standard solution versus
the concentration (mg/mL). Determine the slope (m) and y-intercept (b) of the resulting curve.

One pepsin unit is defined as that quantity of enzyme that produces the equivalent of 1 µmol of
tyrosine per min under the conditions of the assay.

Calculate the activity of pepsin:

Pepsin Units/mg = [(As  b) × P]/(m × C)

As = average absorbance for the sample corrected for the average absorbance of the sample
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blanks 
b = y-intercept of the standard curve 
P = activity of the USP Pepsin for Assay RS (U/mg) 
m = slope of the standard curve 
C = concentration of the Sample solution (U/mL)

Activity determination 
The activity determination of pepsin can be done by the following procedure that uses a
standard curve or by comparison with a single standard solution. The user should select the
most appropriate option.

Standard curve

Dilute hydrochloric acid solution: Dilute 30 mL of 1 N hydrochloric acid with water to 1000
mL. Adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary.

TCA solution: 4.0% (w/v) of trichloroacetic acid (TCA) in water

Substrate solution: Transfer 4.0 g of USP Hemoglobin Protease Substrate RS to a 200-mL
volumetric flask, and dissolve in 75 mL of Dilute hydrochloric acid solution. Once the hemoglobin
is fully dissolved, adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary. Dilute
with Dilute hydrochloric acid solution to volume.

Standard solutions: Quantitatively prepare four dilutions of USP Pepsin for Assay RS in Dilute
hydrochloric acid solution covering the activity range of 0.70–1.25 USP Pepsin Units/mL. [Note
—Prepare these solutions immediately before use.]

Sample solution: Quantitatively prepare a solution of pepsin in Dilute hydrochloric acid
solution containing approximately 0.90–1.00 USP Pepsin Units/mL. [Note—Prepare these
solutions immediately before use.]

Procedure: Prepare test tubes as follows (use tubes that can accommodate and allow mixing
on a vortex mixer of a volume of NLT 16 mL). Separately transfer 1.0-mL aliquots of each of
the Standard solutions into four test tubes (two tubes for the analysis of each Standard
solution and two blanks for each Standard solution). 
Prepare a substrate blank by transferring 1.0 mL of Dilute hydrochloric acid solution into a
single test tube. 
Separately transfer 1.0-mL aliquots of the Sample solution into four test tubes (two tubes for
the analysis of the Sample solution and two blanks for each Sample solution). 
To each of the blank tubes add 10.0 mL of TCA solution, and mix on a vortex mixer. 

Place all test tubes in a water bath maintained at 25 ± 0.1 , and allow equilibration for 5 min.

Add 5.0 mL of the Substrate solution (previously equilibrated at 25 ± 0.1 ) to each of the blank
tubes, mix on a vortex mixer, and return the tubes to the water bath to incubate for 10 min. 
Using a stopwatch and starting at time equals 0, rapidly pipet 5.0 mL of the Substrate solution

(previously equilibrated at 25 ± 0.1 ) successively and at intervals of exactly 30 s into each of
the tubes containing the Sample solution and Standard solutions. Mix each tube immediately
after adding the Substrate solution by mixing on a vortex mixer, then return the tube to the
water bath. Exactly 10.0 min after the addition of the Substrate solution, stop the reaction by
rapidly pipetting 10.0 mL of TCA solution into each tube at intervals of exactly 30 s. Mix each
tube on a vortex mixer. Do not return the tubes to the water bath. 
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Allow all tubes, including blanks, to sit at room temperature for 25 min. After 25 min, mix the
contents of each tube on a vortex mixer, and pass the contents through a fluted paper filter
into clean tubes, discarding the first 5 mL of filtrate. Refilter each of the filtrates through the
same paper. [Note—A suitable filter is the Whatman No. 41 ashless filter.] 
Determine the absorbance of each filtrate using the following conditions:

Wavelength: 280 nm

Cell: 1 cm

Blank: Substrate blank

Calculate the average absorbance for each filtrate. Correct the absorbance of each Standard
solution: 

ASC = AS  ASB

AS = average absorbance of the Standard solution 
ASB = average absorbance of the Standard solution blank

Correct the absorbance of each Sample solution:

AUC = AU  AUB

AU = average absorbance of the Sample solution 
AUB = average absorbance of the Sample solution blank

Using linear regression, determine the slope (m) and y-intercept of the curve corrected
absorbance of the Standard solutions versus concentration (mg/mL). 
Calculate the activity of pepsin in the sample:

Activity (Units/mg) = [(AUC  b) × P]/(m × CU)

b = y-intercept of the standard curve 
P = activity of the USP Pepsin for Assay RS (Units/mg) 
m = slope of the standard curve 
CU = concentration of the Sample solution (mg/mL)

Single standard solution

Dilute hydrochloric acid solution: Dilute 30 mL of 1 N hydrochloric acid with water to 1000
mL. Adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary.

TCA solution: 4.0% (w/v) of trichloroacetic acid (TCA) in water

Substrate solution: Transfer 4.0 g of USP Hemoglobin Protease Substrate RS to a 200-mL
volumetric flask, and dissolve in 75 mL of Dilute hydrochloric acid solution. Once the hemoglobin
is fully dissolved, adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary. Dilute
with Dilute hydrochloric acid solution to volume.

Standard solution: Using the USP Pepsin for Assay RS, prepare a solution containing 1.0 USP
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Pepsin Units/mL in Dilute hydrochloric acid solution. [Note—Prepare this solution immediately
before use.]

Sample solution: Quantitatively prepare a solution of pepsin in Dilute hydrochloric acid
solution containing approximately 0.90–1.00 USP Pepsin Units/mL. [Note—Prepare this solution
immediately before use.]

Procedure: Prepare test tubes as follows (use tubes that can accommodate and allow mixing
on a vortex mixer of a volume of NLT 16 mL). Separately transfer 1.0-mL aliquots of the
Standard solution into four test tubes (two tubes for the analysis of the Standard solution and
two blanks for the Standard solution). 
Prepare a substrate blank by transferring 1.0 mL of Dilute hydrochloric acid solution into a
single test tube. 
Separately transfer 1.0-mL aliquots of the Sample solution into nine test tubes (three tubes for
the analysis of the Sample solution and two blanks for each Sample solution). 
To each of the blank tubes add 10.0 mL of TCA solution, and mix on a vortex mixer. 

Place all test tubes in a water bath maintained at 25 ± 0.1 , and allow equilibration for 5 min.

Add 5.0 mL of the Substrate solution (previously equilibrated to 25 ± 0.1 ) to each of the blank
tubes, mix on a vortex mixer, and return the tubes to the water bath to incubate for 10 min. 
Using a stopwatch and starting at time equals 0, rapidly pipet 5.0 mL of the Substrate solution

(previously equilibrated to 25 ± 0.1 ) successively and at intervals of exactly 30 s into each of
the tubes containing the Sample solution and the Standard solution. Mix each tube immediately
after adding the Substrate solution by mixing on a vortex mixer, then return the tube to the
water bath. Exactly 10.0 min after the addition of the Substrate solution, stop the reaction by
rapidly pipetting 10.0 mL of TCA solution into each tube at intervals of exactly 30 s. Mix each
tube on a vortex mixer. Do not return the tubes to the water bath. 
Allow all tubes, including blanks, to sit at room temperature for 25 min. After 25 min, mix the
contents of each tube on a vortex mixer, and pass the contents through a fluted paper filter
into clean tubes, discarding the first 5 mL of filtrate. Refilter each of the filtrates through the
same paper. [Note—A suitable filter is the Whatman No. 41 ashless filter.] 
Determine the absorbance of each filtrate using the following conditions:

Wavelength: 280 nm

Cell: 1 cm

Blank: Substrate blank

Calculate the average absorbance for each filtrate. Correct the absorbance of each Standard
solution:

ASC = AS  ASB

AS = average absorbance of the Standard solution 
ASB = average absorbance of the Standard solution blank

Correct the absorbance of each Sample solution:

AUC = AU  AUB
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AU = average absorbance of the Sample solution 
AUB = average absorbance of the Sample solution blank

Calculate the activity of pepsin in the sample:

Activity (Units/mg) = (AUC/ASC) × (CS/CU) × P

CS = concentration of the Standard solution (mg/mL) 
CU = concentration of the Sample solution (mg/mL) 
P = activity of the USP Pepsin for Assay RS (Units/mg)

One pepsin unit is defined as the quantity of enzyme that produces the equivalent of 1 µmol of
tyrosine per min under the conditions of the activity determination procedure.

BRIEFING

Peptic Digest of Animal Tissue, USP 36 page 1181. It is proposed to update the
specifications of this reagent, used in various USP general chapters to prepare culture media
and rinsing fluids.

Additionally, minor editorial changes have been made to update the reagent to current USP
style.

(HDQ: M. Marques.)    Correspondence Number—C109899

Comment deadline: January 31, 2014

Change to read:
Peptic Digest of Animal Tissue (a bacteriological peptone)—Tan powder, having a
characteristic, but not putrescent, odor. Soluble in water; insoluble in alcohol and in ether. An
autoclaved solution (2 in 100) is clear and is neutral or nearly so in its reaction.

Loss on Drying 731

Analysis: Dry at 100  to constant weight.

Acceptance criteria: NMT 7.0%

Residue on Ignition 281

Analysis: Ignite 500 mg with 1 mL of sulfuric acid.

Acceptance criteria: NMT 75 mg (15%)

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.

Microbial Content: NMT 104 cfu/g

Nitrogen Content

USP38

USP38
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Analysis: Determine by the Kjeldahl method, using a test specimen previously dried at 105  to
constant weight.

Acceptance criteria: Between 9.0% and 14.0%

Bacteriological test (for growth promotion and freedom from fermentable carbohydrates)—

Medium: 2% of digest and sufficient phenol red TS to give a perceptible color in water; adjust
the pH to 7.2–7.4.

Place 10 mL of Medium in test tubes containing a Durham fermentation tube. Autoclave at 121
for 15 min. After autoclaving and standing for 24 h, the Medium is clear.

In separate tubes for each organism, inoculate 10 mL of Medium with Escherichia coli ATCC

25922 and Enterococcus faecalis ATCC 12953. Incubate at 35 ± 2  for 48 h.

It meets the following criteria for bacteria-nutrient properties: Escherichia coli ATCC 25922 and
Enterococcus faecalis ATCC 12953 growth evident, no acid or only a trace in the inner tube,
and no gas produced after incubation at 48 h.

Amino Nitrogen: 2.7%–3.7%

BRIEFING

tert-Butyl Hydroperoxide Solution. It is proposed to add this new reagent used in
Identification test A, the Assay, and Organic Impurities, Procedure 1 in the monograph for
Fexofenadine Hydrochloride and Pseudoephedrine Hydrochloride Extended-Release Tablets.

(HDQ: M. Marques.)    Correspondence Number—C135066

Comment deadline: January 31, 2014

Add the following:
tert-Butyl Hydroperoxide Solution (T-HYDRO, TBHP),  C4H10O2—90.12 [75-91-2]—70%,

by weight, in water. [Note—A suitable grade is available as catalog number 458139 from
www.sigma-aldrich.com.] 

BRIEFING

Testosterone Benzoate, USP 36 page 1198. It is proposed to update the specifications of
this reagent.

(HDQ: M. Marques.)    Correspondence Number—C136417

Comment deadline: January 31, 2014

Change to read:
Testosterone Benzoate, C26H32O2—376.53

 (4-Androsten-17 -ol-3-one benzoate), C26H32O3—392.54
—Use a suitable grade.

BRIEFING

Yeast Extract, USP 36 page 1206. It is proposed to update the specifications of this
reagent.
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(HDQ: M. Marques.)    Correspondence Number—C109901

Comment deadline: January 31, 2014

Change to read:
Yeast Extract—A water-soluble, peptone-like derivative of yeast cells (Saccharomyces)
prepared under optimum conditions, clarified, and dried to a reddish-yellow to brown powder,
having a characteristic but not putrescent odor. Soluble in water, forming a yellow to brown
solution, having a slightly acidic reaction. Contains no added carbohydrate. One g represents
not less than 7.5 g of yeast.

Loss on Drying 731

Analysis: Dry at 105  to constant weight.

Acceptance criteria: NMT 6%

Residue on Ignition (Reagent test)

Analysis: Ignite 500 mg with 1 mL of sulfuric acid

Acceptance criteria: NMT 75 mg (15.0%)

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate is formed.

Chloride (Reagent test): NMT 5% of Cl, calculated as sodium chloride

Nitrogen Content (Reagent test)

Analysis: Determine by the Kjeldahl method, previously dried at 105  to constant weight.

Acceptance criteria: 7.2%–13.0% of N is found

Microbial Content: NMT 104 cfu/g

Amino Nitrogen: 6.0%–6.9%

BRIEFING

L83. It is proposed to add this new HPLC column.

(HDQ: M. Marques.)    Correspondence Number—C136284

Comment deadline: January 31, 2014

Add the following:
L83—A hydroxide-selective, strong anion-exchange resin-quartenary amine bonded on latex

particles attached to a core of 10.5-µm microporous particles of 10-  pore size, and consisting
of ethylvinylbenzene cross-linked with 55% divinylbenzene. 

BRIEFING

L84. It is proposed to add this new HPLC column.

(HDQ: M. Marques.)    Correspondence Number—C136286
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Comment deadline: January 31, 2014

Add the following:
L84—Weak cation-exchange resin consisting of ethyvinylbenzene, 55% cross-linked with

divinylbenzene copolymer, 5 µm in diameter. Substrate is surface grafted with carboxylic acid
functionalized groups. Capacity NLT 8400 µEq/column (5-mm × 25-cm). 

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS

BRIEFING

Container Specifications for Capsules and Tablets, page 6249 of the Second Supplement to
USP 36.

(HDQ.)
Correspondence Number—C101448; C101932; C105131; C117460; C118410; C134205;

C134870

The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-
resistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed. 
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.

Container Specifications for Capsules and Tablets

Monograph Title
Container

Specification

Add the following:
Amlodipine, Valsartan, and Hydrochlorothiazide Tablets T

Add the following:
Amlodipine and Valsartan Tablets

T

Add the following:
Borage Oil Capsules

T, LR

Add the following:
Flax Oil Capsules

T, LR

Add the following:
Imipramine Pamoate Capsules

T, LR

Add the following:
Imatinib Tablets

USP38
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T

Add the following:
Quetiapine Tablets

W

BRIEFING

Description and Relative Solubility of USP and NF Articles, page 6259 of the Second
Supplement to USP 36.

The current NF Polyethylene Glycol monograph covers nominal average molecular weights
ranging from 200 to 8000, which includes Polyethylene Glycol 3350. It is proposed to develop a
separate USP monograph for Polyethylene Glycol 3350 to reflect its use as an active drug
substance. Therefore, it is proposed to delete the nominal molecular weight “3350” and
approximate congealing temperature “56” from the reference table of Polyethylene Glycol as
this information will be presented in the Polyethylene Glycol 3350 Description and Solubility
section.

(HDQ.)
Correspondence Number—C46867; C105002; C118619; C118641; C121052; C135232;

C137256

Change to read:
Hydrocortisone Acetate: White to practically white, odorless, crystalline powder. Melts at

about 200

220 ,
with decomposition. Slightly soluble in alcohol and in chloroform; insoluble in water.

Add the following:
Imatinib Mesylate: White to off-white to brownish or yellowish-tinged crystalline powder.

Soluble in aqueous buffers  pH 5.5; freely soluble to very slightly soluble in dimethyl sulfoxide,
in methanol, and in ethanol; very slightly soluble to insoluble in neutral/alkaline aqueous buffers;
insoluble in n-octanol, in acetone, and in acetonitrile. 

Add the following:
Norelgestromin: White to off-white powder. Freely soluble in acetone, in ethanol, in

methanol, and in dimethylformamide; sparingly soluble in methylene chloride and in iso-propanol;
slightly soluble in acetonitrile; practically insoluble in water. 

Change to read:
Polyethylene Glycol: Polyethylene Glycol is usually designated by a number that corresponds
approximately to its average molecular weight. As the average molecular weight increases, the
water solubility, vapor pressure, hygroscopicity, and solubility in organic solvents decrease,
while congealing temperature, specific gravity, flash point, and viscosity increase. Liquid grades
occur as clear to slightly hazy, colorless or practically colorless, slightly hygroscopic, viscous

liquids, having a slight, characteristic odor, and a specific gravity at 25  of about 1.12. Solid
grades occur as practically odorless and tasteless, white, waxy, plastic material having a
consistency similar to beeswax, or as creamy white flakes, beads, or powders. The
accompanying table states the approximate congealing temperatures that are characteristic of
commonly available grades. Liquid grades are miscible with water; solid grades are freely soluble
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in water; and all are soluble in acetone, in alcohol, in chloroform, in ethylene glycol monoethyl
ether, in ethyl acetate, and in toluene; all are insoluble in ether and in hexane. NF category:
Coating agent; plasticizer; solvent; suppository base; tablet and/or capsule lubricant.

Nominal Molecular Weight Polyethylene
Glycol

Approximate Congealing Temperature

( )

300 11
400 6
600 20
900 34
1000 38
1450 44
3350 56

4500 58
8000 60

Add the following:
Polyethylene Glycol 3350: White granular, powder, or flake. Approximate congealing

temperature: 56 . Freely soluble in water; soluble in acetone, in alcohol, in chloroform, in
ethylene glycol monoethyl ether, in ethyl acetate, and in toluene; insoluble in ether and in
hexane. NF category: Coating agent; diluent; film-forming agent; lubricant; ointment base;
plasticizer; solvent; suppository base. 

Add the following:
Quetiapine Fumarate: White to off-white crystalline powder. Soluble in 0.1 N hydrochloric

acid; slightly soluble in water, in alcohol, and in methanol. 

Add the following:
Tigecycline: Orange powder. Freely soluble in water; soluble in 1-octanol; slightly soluble in

methanol, in ethanol, and in isopropyl alcohol. 

BRIEFING

Banaba Leaf. Because there is no existing USP monograph for this dietary supplement, a new
monograph is being proposed. The liquid chromatographic procedure in the test for Content
of Corosolic Acid is based on analyses performed with a 4.6-mm × 25-mm column containing
5-µm packing L1 (similar to Hibar® 250-4.6). The typical retention times for corosolic acid,
virgatic acid, and oleanolic acid are about 1.0, 1.1, and 3.2 min, respectively.

(DS: C. Okunji.)
Correspondence Number—C136134

Comment deadline: January 31, 2014

Add the following:
Banaba Leaf

DEFINITION

Banaba Leaf consists of the dried leaves of Lagerstroemia speciosa (L.) Pers. (Fam.

NF33 NF33

NF33
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Lythraceae). It contains NLT 0.2% of corosolic acid (C30H48O4), calculated on the dried basis.

IDENTIFICATION
•  A. Meets the requirements for Specific Tests, Botanic Characteristics
•  B. Thin-Layer Chromatography

Standard solution A:  0.2 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  10 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  About 0.2 g of Banaba Leaf, finely powdered, in 10 mL of methanol.

Sonicate for 15 min, centrifuge, and use supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  6 µL each of Standard solution A and Standard solution B and 8 µL

of the Sample solution as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.
Developing solvent system:  A mixture of toluene, ethyl acetate, and acetic acid (55:

45: 0.5)
Derivatization reagent:  85 mL of ice-cooled methanol mixed with 10 mL of glacial acetic

acid, 5 mL of sulfuric acid, and 0.5 mL of p-anisaldehyde
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the Samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in an unsaturated chamber, remove the plate from the chamber, and dry.

Treat with Derivatization reagent, heat for 3 min at 100 , and examine under visible light.
System suitability:  Under visible light, the chromatogram of Standard solution B exhibits

six characteristic bands in the lower half in the following order of increasing RF: a blue
band close to the start due to asiatic acid; two minor blue bands; a violet band, which is
the most intense, with similar RF and color to the corosolic acid band of Standard solution
A; a minor brownish band; and a minor blue band due to virgatic acid. Standard solution B
exhibits two minor violet bands that are separated at about three-fourths of the
chromatogram. The band with the lower RF is due to oleanolic acid.

Acceptance criteria:  Under visible light, the chromatogram of the Sample solution exhibits
a violet band, which is the most intense, corresponding in color and RF to the corosolic
acid band of Standard Solution A. In the lower half, the chromatogram exhibits the
following bands corresponding to similar bands of Standard solution B: a minor blue band
close to the start, a minor brownish band, and a minor blue band at RF above the corosolic
acid band. The Sample solution exhibits two minor violet bands that are separated at
about three-fourths of the chromatogram.

•  C. HPLC
Analysis:  Proceed as directed in Content of Corosolic Acid.
Acceptance criteria:  The relative retention time of the major peak of the Sample solution

corresponds to that for corosolic acid in Standard solution A. The Sample solution exhibits
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other peaks, including one of lesser intensity due to virgatic acid and a minor peak due to
oleanolic acid.

COMPOSITION
•  Content of Corosolic Acid

Solution A:  Dilute 0.1% phosphoric acid in water.
Solution B:  Acetonitrile
Mobile phase:  A mixture of Solution A and Solution B (4:6)
Standard solution A:  0.1 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  5.0 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol, sonicate if necessary. Before injection, pass through a membrane filter of 0.45-
µm or finer pore size. Discard the first few mL of the filtrate.

Sample solution:  Transfer about 5.0 g of Banaba Leaf, finely powdered and accurately
weighed, to a round-bottom flask. Add 75 mL of methanol, reflux for 15 min, set aside to
settle, and decant the supernatant. Repeat the extraction three more times, then
combine the extracts. Filter, and concentrate under reduced pressure. Transfer to a 100-
mL volumetric flask, adjust with methanol to volume, and mix. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size. Discard the first few mL of the
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  25
Flow rate:  1.6 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution A and Standard solution B
[Note—The approximate relative retention times of the individual peaks for corosolic acid,

virgatic acid, and oleanolic acid are 1.0, 1.1, and 3.2, respectively.]
Suitability requirements 

Chromatogram similarity:  The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Lagerstroemia speciosa
Powdered Extract RS being used.

Resolution:  NLT 1.5 between the corosolic acid peak and the preceding peak, Standard
solution B

Tailing factor:  NMT 2.0 for the corosolic acid peak, Standard solution A
Relative standard deviation:  NMT 2.0% determined from the corosolic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the relative retention times of the peaks for corosolic acid, virgatic acid, and
oleanolic acid in the Sample solution. 
Calculate the percentage of corosolic acid in the portion of Banaba Leaf taken:

Result = (rU/rS) × CS × (V/W) × 100
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Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of corosolic acid from Sample solution
rS= peak area of corosolic acid from Standard solution A
CS= concentration of corosolic acid in Standard solution A (mg/mL)
V= volume of Sample solution (mL)
W= weight of Banaba Leaf taken to prepare the Sample solution (mg)

Acceptance criteria:  NLT 0.2% of corosolic acid on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 0.1 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requrements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:   Banaba leaves vary in shape, including lanceolate, oblong-lanceolate,
oblong, and elliptic ovate. They are up to 34 cm long and 11 cm wide; olive green to
yellowish brown; entirely or slightly wavy at the margins; base acute; apex acute to
acuminate; leathery in texture; and petiolate with petioles up to 1 cm long.

Microscopic 
Transverse section of the midrib:  A layer of upper epidermis composed of rectangular

to round cells covered with thin cuticle; a few layers of collenchyma cells; numerous
layers of parenchyma cells, some containing cluster crystals of calcium oxalate, with
large intercellular spaces; groups of lignified fiber bundles; and secretory canals
scattered in the parenchyma zone. Bicollateral vascular bundle encircled by a continuous
sheath of fibers accompanied by sclerenchyma and cells containing cluster crystals of
calcium oxalate; secretory canals between the vascular bundles; numerous layers of
parenchyma cells, some containing cluster crystals of calcium oxalate, with large
intercellular spaces; a few layers of collenchyma; a layer of lower epidermal cells.

Transverse section of the lamina:  A layer of upper epidermis composed of rectangular
cells about twice as large as those of the lower epidermis. Some cells are secretory
cells, which tend to protrude into the mesophyll and sometimes appear to be below the
upper epidermis. Two layers of rectangular palisade cells; 4–6 layers of parenchyma
cells, some containing prisms of calcium oxalate and others containing clusters crystals
of calcium oxalate, with large intercellular spaces; groups of vascular bundles scattered
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in the parenchyma zone; lower epidermis showing stomata.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Loss on Drying 731

Analysis:  Dry 2.0 g of Banaba Leaf, finely powdered, at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561
Analysis:  2.0 g of Banaba Leaf, finely powdered
Acceptance criteria:  NMT 7.0%

•  Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1 561 : NMT 10.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Analysis:  4.0 g of Banaba Leaf, finely powdered
Acceptance criteria:  NMT 2%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part(s) of

the plant contained in the article.

•  USP Reference Standards 11
USP Corosolic Acid RS 
USP Lagerstroemia speciosa Powdered Extract RS

BRIEFING

Banaba Leaf Dry Extract. Because there is no existing USP monograph for this dietary
supplement, a new monograph is being proposed. The liquid chromatographic procedure in
the test for Content of Corosolic Acid is based on analyses performed with a 4.6-mm × 25-
mm column containing 5-µm packing L1 (similar to Hibar® 250-4.6). The typical retention
times for corosolic acid, virgatic acid, and oleanolic acid are about 1.0, 1.1, and 3.2 min,
respectively.

(DS: C. Okunji.)
Correspondence Number—C136138

Comment deadline: January 31, 2014

Add the following:
Banaba Leaf Dry Extract

DEFINITION

Banaba Leaf Dry Extract consists of the dried leaves of Lagetroemia speciosa (L.) Pers. (Fam.
Lythraceae) by extraction with hydroalcoholic mixtures. It contains NLT 90.0% and NMT
110.0% of the labeled amount of corosolic acid (C30H48O4), calculated on the dried basis.

IDENTIFICATION
•  A. Meets the requirements for Specific Tests, Botanic Characteristics

USP38
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•  B. Thin-Layer Chromatography
Standard solution A:  0.2 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  10 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Banaba Leaf Dry Extract in methanol at a concentration equivalent to

0.2 mg/mL of corosolic acid according to the label claim. Sonicate if necessary.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  6 µL as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.

Column temperature:  25
Developing solvent system:  A mixture of toluene, ethyl acetate, and acetic acid (55:

45: 0.5)
Developing distance:  6 cm
Derivatization reagent:  85 mL of ice-cooled methanol mixed with 10 mL of glacial acetic

acid, 5 mL of sulfuric acid, and 0.5 mL of p-anisaldehyde
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in an unsaturated chamber, remove the plate from the chamber, and dry.

Treat with Derivatization reagent, heat for 3 min at 100 , and examine under visible light.
System suitability:  Under visible light, the chromatogram of Standard solution B exhibits

six characteristic bands in the lower half in the following order of increasing RF: a blue
band close to the start due to asiatic acid; two minor blue bands; a violet band, which is
the most intense, with similar RF and color to the corosolic acid band from Standard
solution A; a minor brownish band; and a minor blue band due to virgatic acid. Standard
solution B exhibits two minor violet bands that are separated at about three-fourths of
the chromatogram. The band with the lower RF is due to oleanolic acid.

Acceptance criteria:  Under visible light, the chromatogram of the Sample solution exhibits
a violet band, which is the most intense, corresponding in color and RF to the corosolic
acid band in Standard solution A. In the lower half, the chromatogram exhibits the
following bands corresponding to similar bands of Standard solution B: a minor blue band
close to the start, a minor brownish band, and a minor blue band at RF above the corosolic
acid band. Sample solution exhibits two minor violet bands that are separated at about
three-fourths of the chromatogram.

•  C. HPLC
Analysis:  Proceed as directed in Content of Corosolic Acid.
Acceptance criteria:  The retention time of the major peak of the Sample solution

corresponds to that for corosolic acid of Standard solution A. The Sample solution exhibits
other peaks including one of lesser intensity due to virgatic acid and a minor peak due to
oleanolic acid.
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COMPOSITION
•  Content of Corosolic Acid

Solution A:  Dilute 0.1% phosphoric acid in water.
Solution B:  Acetonitrile
Mobile phase:  A mixture of Solution A and Solution B (4:6)
Standard solution A:  0.1 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  5.0 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol. Sonicate if necessary. Before injection, pass through a membrane filter of 0.45-
µm or finer pore size. Discard the first few mL of the filtrate.

Sample solution:  Banaba Leaf Dry Extract in methanol at a concentration equivalent to
0.1 mg/mL of corosolic acid according to the label claim. Sonicate if necessary. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size. Discard the first
few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.6 mL/min
Injection volume:  20 µL
System suitability 

Samples:  Standard solution A and Standard solution B
[Note—The approximate relative retention times of the individual peaks for corosolic

acid, virgatic acid, and oleanolic acid are 1.00, 1.1, and 3.2, respectively.]
Suitability requirements 

Chromatogram similarity:  The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Lagerstroemia speciosa
Powdered Extract RS being used.

Resolution:  NLT 1.5 between the corosolic acid peak and the preceding peak,
Standard solution B

Tailing factor:  NMT 2.0 for the corosolic acid peak, Standard solution A
Relative standard deviation:  NMT 2.0%, determined from the corosolic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the relative retention times of the peaks for corosolic acid, virgatic acid, and
oleanolic acid of the Sample solution. 
Calculate the percentage of the labeled amount of corosolic acid in the portion of Banaba
Leaf Dry Extract taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of corosolic acid from the Sample solution
rS= peak area of corosolic acid from Standard solution A
CS= concentration of corosolic acid in Standard solution A (mg/mL)
CU= concentration of Banaba Leaf Dry Extract in the Sample solution (mg/mL)
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Calculate the percentage of the labeled amount of corosolic acid in the portion of Extract
taken:

Result = (P/L) × 100

P= content of corosolic acid as determined above (%)
L= labeled amount of corosolic acid (%)

Acceptance criteria:  90.0%–110.0% of the labeled amount of corosolic acid on the dried
basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 0.1 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Microbial Procedures for Absence of Specified Microorganisms 2022 : Meets the
requirements of the tests for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS

•  Loss on Drying 731
Sample:  2.0 g of Banaba Leaf Dry Extract

Analysis:  Dry the Sample at 105  for 2 h.
Acceptance criteria:  NMT 8%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the parts of

the plant from which the article was derived. It meets other labeling requirements in

Botanical Extracts 565 .

•  USP Reference Standards 11
USP Corosolic Acid RS 
USP Lagerstroemia speciosa Powdered Extract RS

BRIEFING

Banaba Leaf Powder. Because there is no existing USP monograph for this dietary supplement,
a new monograph is being proposed. The liquid chromatographic procedure in the test for
Content of Corosolic Acid is based on analyses performed with a 4.6-mm × 25-mm column

USP38
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containing 5-µm packing L1 (similar to Hibar® 250-4.6). The typical retention times for
corosolic acid, virgatic acid, and oleanolic acid are about 1.0, 1.1, and 3.2 min, respectively.

(DS: C. Okunji.)
Correspondence Number—C136136

Comment deadline: January 31, 2014

Add the following:
Banaba Leaf Powder

DEFINITION

Banaba Leaf Powder consists of the dried leaves of Lagerstroemia speciosa (L.) Pers. (Fam.
Lythraceae) by extraction with hydroalcoholic mixtures. It contains NLT 90.0% and NMT
110.0% of the labeled amount of corosolic acid (C30H48O4), calculated on the dried basis.

IDENTIFICATION
•  A. Meets the requirements for Specific Tests, Botanic Characteristics
•  B. Thin-Layer Chromatography

Standard solution A:  0.2 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  10 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  About 0.2 g of Banaba Leaf Powder in 10 mL of methanol. Sonicate for

15 min, centrifuge, and use the supernatant.
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel mixture with an average particle size of 5 µm

(HPTLC plates)
Application volume:  6 µL each of Standard solution A and Standard solution B and 8 µL

of the Sample solution as 8-mm bands
Relative humidity:  Condition the plate to a relative humidity of about 33% using a

suitable device.

Column temperature:  25
Developing solvent system:  A mixture of toluene, ethyl acetate, and acetic acid (55:

45: 0.5)
Derivatization reagent:  85 mL of ice-cooled methanol mixed with 10 mL of glacial acetic

acid, 5 mL of sulfuric acid, and 0.5 mL of p-anisaldehyde
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the samples as bands to a suitable HPTLC plate, and dry in air. Develop the
chromatograms in an unsaturated chamber, remove the plate from the chamber, and dry.

Treat with Derivatization reagent, heat for 3 min at 100 , and examine under visible light.
System suitability:  Under visible light, the chromatogram of Standard solution B exhibits

six characteristic bands in the lower half in the following order of increasing RF: a blue
band close to the start due to asiatic acid; two minor blue bands; a violet band, which is
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the most intense, with similar RF and color to the corosolic acid band of Standard solution
A; a minor brownish band; and a minor blue band due to virgatic acid. Standard solution B
exhibits two minor violet bands that are separated at about three-fourths of the
chromatogram. The band with the lower RF is due to oleanolic acid.

Acceptance criteria:  Under visible light, the chromatogram of the Sample solution exhibits
a violet band, which is the most intense, corresponding in color and RF to the corosolic
acid band of Standard solution A. In the lower half, the chromatogram exhibits the
following bands corresponding to similar bands of Standard solution B: a minor blue band
close to the start, a minor brownish band, and a minor blue band at RF above the corosolic
acid band. The Sample solution exhibits two minor violet bands that are separated at
about three-fourths of the chromatogram.

•  C. HPLC
Analysis:  Proceed as directed in Content of Corosolic Acid.
Acceptance criteria:  The retention time of the major peak of the Sample solution

corresponds to that for corosolic acid of Standard solution A. The Sample solution exhibits
other peaks including one of lesser intensity due to virgatic acid and a minor peak due to
oleanolic acid.

COMPOSITION
•  Content of Corosolic Acid

Solution A:  Dilute 0.1% phosphoric acid in water.
Solution B:  Acetonitrile
Mobile phase:  A mixture of Solution A and Solution B (4:6)
Standard solution A:  0.1 mg/mL of USP Corosolic Acid RS in methanol
Standard solution B:  5.0 mg/mL of USP Lagerstroemia speciosa Powdered Extract RS in

methanol. Sonicate if necessary. Before injection, pass through a membrane filter of 0.45-
µm or finer pore size. Discard the first few mL of the filtrate.

Sample solution:  Transfer about 5.0 g of Banaba Leaf Powder, accurately weighed, to a
round-bottom flask. Add 75 mL of methanol, reflux for 15 min, set aside to settle, and
decant the supernatant. Repeat the extraction three more times, then combine the
extracts. Filter, and concentrate under reduced pressure. Transfer to a 100-mL volumetric
flask, adjust with methanol to volume, and mix. Before injection, pass through a membrane
filter of 0.45-µm or finer pore size. Discard the first few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.6 mL/min
Injection volume:  20 µL
System suitability 

Samples:  Standard solution A and Standard solution B
[Note—The approximate relative retention times of the individual peaks for corosolic

acid, virgatic acid, and oleanolic acid are 1.0, 1.1, and 3.2 min, respectively.]
Suitability requirements 

Chromatogram similarity:  The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Lagerstroemia speciosa
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Powdered Extract RS being used.
Resolution:  NLT 1.5 between the corosolic acid peak and the preceding peak,

Standard solution B
Tailing factor:  NMT 2.0 for the corosolic acid peak, Standard solution A
Relative standard deviation:  NMT 2.0% determined from the corosolic acid peak in

repeated injections, Standard solution A
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution

Identify the relative retention times of the peaks for corosolic acid, virgatic acid, and
oleanolic acid in the Sample solution. 
Calculate the percentage of the labeled amount of corosolic acid in the portion of Banaba
Leaf Powder taken:

Result = (rU/rS) × [CS × (V/W)] × 100

rU= peak area of corosolic acid from the Sample solution
rS= peak area of corosolic acid from Standard solution A
CS= concentration of corosolic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Banaba Leaf Powder taken to prepare the Sample solution (mg)

Acceptance criteria:  NLT 0.2% of the labeled amount of corosolic acid on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 0.1 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 102cfu/g.

•  Microbial Procedures for Absence of Specified Microorganisms 2022 : Meets the
requirements of the tests for absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Botanic Characteristics

Macroscopic:  Grayish-green powder
Microscopic:  Fragments of upper epidermis with polygonal cells, some containing calcium

oxalate crystals, and no stomata; fragments of lower epidermis cells with irregular shapes
and slightly wavy walls, anomocytic stomata; fragments of upper epidermal cells with
underlying palisade cells; fragments of parenchyma cells, some containing prisms of
calcium oxalate and others containing cluster crystals of calcium oxalate; oil cells;
fragments of lignified fibers; fragments of spiral vessels; fragments of pitted vessels
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associated with fibers

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Loss on Drying 731
Sample:  2.0 g of Banaba Leaf, finely powdered

Analysis:  Dry the Sample at 105  for 2 h.
Acceptance criteria:  NMT 10%

•  Articles of Botanical Origin, Total Ash 561
Analysis:  2.0 g of Banaba Leaf, finely powdered
Acceptance criteria:  NMT 7.0%

•  Articles of Botanical Origin, Acid-Insoluble Ash 561
Analysis:  4.0 g of Banaba Leaf, finely powdered
Acceptance criteria:  NMT 2%

•  Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1 561 : NLT 10.0%

•  Articles of Botanical Origin, Water-Soluble Extractives, Method 1 561 : NLT 18.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part(s) of

the plant contained in the article.

•  USP Reference Standards 11
USP Corosolic Acid RS 
USP Lagerstroemia speciosa Powdered Extract RS

BRIEFING

Borage Seed Oil Capsules. Because there is no existing USP monograph for this dietary
supplement dosage form, a new monograph is being proposed.

(DS: N. Davydova.)
Correspondence Number—C134870

Comment deadline: January 31, 2014

Add the following:
Borage Seed Oil Capsules

DEFINITION

Borage Seed Oil Capsules are prepared with Borage Oil derived from seeds of Borago officinalis
L. by cold pressing or supercritical fluid extraction and contain NLT 90.0% and NMT 110.0% of
the sum of the labeled amounts of gamma-linolenic (C18:3 n–6), linoleic (C18:2 n–6), and oleic
(C18:1 n–9) acids; and NLT 80% of each individual acid.

IDENTIFICATION
•  A. Fatty Acid Profile

USP38
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Sample solution:  Proceed as directed for the Sample solution in Strength, beginning with
“Transfer 80 mg” without the addition of the Internal standard.

Acceptance criteria:  The Sample solution conforms to the fatty acids composition profile
in Table 1.

Table 1

Fatty Acid
Shorthand

Notation
Percentage

(%)

Palmitic acid 16:0 8.0–11.0
Stearic acid 18:0 2.0–5.0
Oleic acid 18:1 n–9 14.0–19.0
gamma-Linolenic acid 18:3 n–6 18.0–24.0
Linoleic acid 18:2 n–6 34.0–42.0
Arachidic acid 20:0 NMT 0.5
Gondoic acid 20:1 n–9 NMT 6.0
Behenic acid 22:0 NMT 0.8
Erucic acid 22:1 n–9 NMT 5.0
Nervonic acid 24:1 n–9 NMT 4.5

STRENGTH
•  Content of gamma-Linolenic, Linoleic, and Oleic Acids
[Note—gamma-Linolenic acid is quantitated against USP Methyl Linolenate RS in this

procedure.]
0.5 N methanolic sodium hydroxide solution:  Dissolve 2 g of sodium hydroxide in 100 mL

of methanol.
Internal standard:  Methyl pentadecanoic acid
Sample solution:  Weigh NLT 10 Capsules. With a sharp blade, carefully slice open the

Capsules, avoiding loss of shell material. Combine the Capsule contents in a suitable
container, and mix well. Remove any adhering substance from the emptied Capsules by
washing with several portions of diethyl ether, and discard the washings. Allow the empty
Capsule shells to air-dry over a period of NMT 30 min, taking precautions to avoid uptake
or loss of moisture. Weigh the empty Capsule shells, and calculate the average fill
weight/Capsule (AF). Transfer 80 mg of the accurately weighed combined Capsule
contents directly into a tared 30-mL screw-top glass centrifuge tube. Re-tare, and
accurately weigh about 40 mg of Internal standard. Add 2 mL of 0.5 N methanolic sodium
hydroxide solution, tightly cap, and transfer to a heating block or another appropriate
heating device. Reflux the solution until fat globules disappear (usually 5–10 min). Add 2
mL of 0.14 g/mL boron trifluoride in methanol, cap, and reflux for 2 min. Add 4 mL of
chromatographic n-heptane, cap, and reflux for 1 min. Cool, add about 8 mL of saturated
sodium chloride solution, shake, and centrifuge to separate the layers. Dilute an aliquot of
the upper (heptane) layer 1:8 with chromatographic n-heptane, and mix well.

System suitability solution:  Using about 80 mg of USP Borage Oil RS, proceed as directed
for the Sample solution, beginning with “Transfer 80 mg” without the addition of the
Internal standard.

Standard solution:  Directly into a tared 30-mL screw-top glass centrifuge tube accurately
weigh about 20 mg of USP Methyl Linolenate RS, 40 mg of USP Methyl Linoleate RS, and
20 mg of USP Methyl Oleate RS. Proceed as directed for the Sample solution, beginning
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with “Re-tare”.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused silica capillary; coated with a 1.0-µm film of G16
Temperatures 

Injection port:  220

Detector:  260
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 0 70 2
70 5 240 5

Carrier gas:  Helium
Linear velocity:  50 cm/s
Split mode:  Splitless
Injection volume:  1 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Chromatogram similarity:  The System suitability solution chromatogram is similar to
the reference chromatogram provided with the lot of USP Borage Oil RS being used.

Resolution:  NLT 1.5 between methyl oleate and methyl stearate, System suitability
solution

Relative standard deviation:  NMT 2% for the peak area ratios of analytes to internal
standard, Standard solution

Analysis 
Samples:  Sample solution and Standard solution

[Note—The relative retention times for gamma methyl linolenate and alpha methyl linolenate
are about 0.98 and 1.0, respectively.]

Identify the retention times of the relevant fatty acid methyl esters by comparing the
peaks in the chromatogram of the System suitability solution with those in the reference
chromatogram. Identify the locus for the internal standard peak by comparison of the
chromatograms of the Standard solution and System suitability solution. 
Calculate the content, in mg/g, of gamma-linolenic, linoleic, and oleic acids in the portion
of Capsules content taken:

Result = (RU/RS) × (AU/AS) × (mS/W) × (Mr1/Mr2)

RU= peak area ratio of the relevant methyl ester peak to the internal standard peak from
the Sample solution

RS= peak area ratio of the relevant methyl ester peak to the internal standard peak from
the Standard solution
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AU= weight of the Internal standard in the Sample solution (mg)
AS= weight of the Internal standard in the Standard solution (mg)
mS= weight of the relevant USP Methyl Ester RS in the Standard solution (mg)
W= sample weight used to prepare the Sample solution (g)
Mr1= molecular weight of the relevant fatty acid (g/mol)
Mr2= molecular weight of the relevant fatty acid methyl ester (g/mol)

Calculate the percentage of the labeled sum of gamma-linolenic, linoleic, and oleic acids in
the portion of Capsules taken:

Result = S × AF × (100/L)

S= sum of the content of gamma-linolenic, linoleic, and oleic acids in the portion of
Capsules content taken (mg/g)

AF= average fill weight (g)
L= sum of the labeled content of gamma-linolenic, linoleic, and oleic acids (mg/Capsule)

Calculate the percentage of the labeled amounts of each (gamma-linolenic, linoleic, and
oleic) acid in the portion of Capsules taken:

Result = A × AF × (100/L)

A= content of the relevant fatty acid in the portion of Capsules content taken (mg/g)
AF= average fill weight (g)
L= labeled content of the relevant fatty acid (mg/Capsule)

Acceptance criteria:  90.0%–110.0% of the sum of the labeled amounts of gamma-
linolenic, linoleic, and oleic acids; NLT 80% of each individual acid

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements in Rupture Test for Soft
Shell Capsules

•  Weight Variation 2091 : Meet the requirements

SPECIFIC TESTS

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 10.0

CONTAMINANTS

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 1
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Escherichia coli

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tightly-closed, light-resistant containers.
•  Labeling: The label states the article which the Capsules were prepared with and content of

gamma-linolenic, linoleic, and oleic acids in mg/Capsule.
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•  USP Reference Standards 11
USP Borage Oil RS
USP Methyl Linoleate RS 
USP Methyl Linolenate RS 
USP Methyl Oleate RS 

BRIEFING

Fenugreek Seed. Because there is no existing USP monograph for this dietary supplement, a
new monograph is proposed. The liquid chromatographic procedure in the test for Content of
4-Hydroxyisoleucine is performed using the Phenomenex Luna C18(2) brand of L1 column
with 5-µm packing. The typical retention time for 4-hydroxyisoleucine is 7.5 min.

(DS: A. Bzhelyansky.)
Correspondence Number—C56128

Comment deadline: January 31, 2014

Add the following:
Fenugreek Seed

DEFINITION

Fenugreek Seed consists of the dried ripe seeds of Trigonella foenum-graecum L. (Fam.
Fabaceae). It contains NLT 0.2% of 4-hydroxyisoleucine, calculated on the dried basis.

IDENTIFICATION
•  A. Thin-Layer Chromatography—Amino Acid Profile

Standard solution A:  0.5 mg/mL of USP 4-Hydroxyisoleucine RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Fenugreek Seed, finely powdered, in 5 mL of

methanol, and heat, with agitation, at 50  for 15 min. Centrifuge, and use the
supernatant.

[Note—Standard solution B and the Sample solution may also be used for Identification test B—
Steroidal Saponins Profile and for Specific Tests, Presence of Trigonelline.]

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).1

Application volume:  2 µL each of Standard solution A and Standard solution B, and 4 µL
of the Sample solution, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of n-butanol, acetic acid, and water (7:2:1)
Spray reagent:  A solution of 3% ninhydrin in a mixture of isopropanol and glacial acetic

acid (19:1)
System suitability 

USP38
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Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit band patterns approximately corresponding in color and
position to those specified in Table 1.

Retardation factor (RF) reproducibility:  The retardation factors obtained with
Standard solution A and Standard solution B are within ±10% of the values specified in
Table 1.

Table 1

Component

Retardation
Factor 

(RF)

UV Light 
(365 nm) White Light

Standard
solution

A

Standard
solution

B

Standard
solution

A

Standard
solution

B

— 0.41 — light reddish-
brown — light brown

— 0.35 — light reddish-
brown — light brown

— 0.31 — — — light brown
4-

Hydroxyisoleucine 0.26
intense dark

brown
intense dark

brown
intense dark

brown
intense dark

brown

— 0.19 — faint light
brown — faint light

brown
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution 
Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6

cm. Air-dry, treat with Spray reagent, heat for 2 min at 105 –110 , and immediately
examine under white light and under long-wave UV light (365 nm).

Acceptance criteria:  Under long-wave UV light (365 nm), the chromatogram of the Sample
solution exhibits, in its lower half, four bands corresponding in color and RF to those
observed with Standard solution B. In its upper half, the chromatogram of the Sample
solution displays three yellow fluorescent bands, in the order of increasing RF: medium
intensity (0.64), the brightest (0.73), and the faintest (0.84). Under white light, the
chromatogram of the Sample solution displays, in its lower half, five brown bands
corresponding in color and RF to those observed with Standard solution B.

•  B. Thin-Layer Chromatography—Steroidal Saponins Profile
Standard solution:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Fenugreek Seed, finely powdered, in 5 mL of

methanol, and heat, with agitation, at 50  for 15 min. Centrifuge, and use the
supernatant.

[Note—The Standard solution and Sample solution may also be used for Identification test A—
Amino Acid Profile and for Specific Tests, Presence of Trigonelline.]

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)

PF 39(6): Nov.-Dec. 2013 115



Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).
Application volume:  2 µL each of Standard solution and Sample solution, as 8-mm

bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of dichloromethane, methanol, and water

(18:8:1)
Spray reagent:  A mixture of methanol, glacial acetic acid, sulfuric acid, and p-

anisaldehyde (170:20:10:1). Prepare on an ice bath, and mix well.
System suitability 

Sample:  Standard solution
Suitability requirements:  

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit band patterns approximately corresponding in color and
position to those specified in Table 2.

Retardation factor (RF) reproducibility:   The retardation factors obtained with the
Standard solution are within ±10% of the values specified in Table 2.

Table 2

Retardation Factor
(RF)

Standard solution

UV Light 
(365 nm) White Light

0.75 — very faint violet
0.72 — very faint violet
0.60 faint reddish-brown light violet
0.43 light blue faint yellow
0.33 faint reddish-brown violet
0.25 light blue brown
0.16 — brown
0.11 light blue brown

Analysis 
Samples:  Standard solution and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated approximately 6

cm. Air-dry, treat with Spray reagent, heat for 3 min at 105 –110 , and immediately
examine under white light and under long-wave UV light (365 nm).

Acceptance criteria:  Under white light, and under long-wave UV light (365 nm), the
chromatogram of the Sample solution displays bands similar in pattern and color to those
observed with the Standard solution.

COMPOSITION
•  Content of 4-Hydroxyisoleucine

Solution A:  0.1% Phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 3.
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Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 80.0 20.0
20 40.0 60.0
21 80.0 20.0
25 80.0 20.0

Diluent:  Methanol and water (1:1)
Reagent:  A mixture of acetonitrile, water, and triethylamine (10:3:2)
Standard solution:  Transfer about 4.0 mg of USP 4-Hydroxyisoleucine RS, accurately

weighed, into a 50-mL volumetric flask, and dissolve in 5 mL of the Diluent. Add 10 mL of
Reagent and 0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add 30 mL of
methanol, adjust with water to volume, and mix well.

Sample stock solution:  Transfer about 2.0 g of Fenugreek Seed, finely powdered and
accurately weighed, into a centrifuge tube. Add 8 mL of Diluent, place on a water bath at

65  for 5 min, sonicate for 5 min, and centrifuge. Retain the supernatant, and repeat
extraction with 8 mL of Diluent two more times. Combine all three extracts in the 25-mL
volumetric flask, dilute with Diluent to volume, and mix well.

Sample solution:  Transfer 5.0 mL of Sample stock solution into a 50-mL volumetric flask,
add 10 mL of Reagent and 0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add 30
mL of methanol, dilute with water to volume, and mix well. Pass through a nylon filter
having a 0.45-µm or finer pore size, discarding the initial few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV, 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Column temperature:  Ambient
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for the 4-hydroxyisoleucine peak, Standard solution
Relative standard deviation:  NMT 2.0% determined for the 4-hydroxyisoleucine peak

in replicate injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to 4-hydroxyisoleucine in the Sample solution chromatogram. 
Calculate the percentage of 4-hydroxyisoleucine in the portion of Fenugreek Seed taken:

Result = (rU/rS) × CS × (V/W) × D × 100

rU= peak area of 4-hydroxyisoleucine in the Sample solution
rS= peak area of 4-hydroxyisoleucine in the Standard solution
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CS= concentration of USP 4-Hydroxyisoleucine RS in the Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Fenugreek Seed taken to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution, 10

Acceptance criteria:  NLT 0.2% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Presence of Trigonelline

Standard solution A:  1.5 mg/mL of USP Trigonelline Hydrochloride RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Fenugreek Seed, finely powdered, in 5 mL of

methanol, and heat, with agitation, at 50  for 15 min. Centrifuge, and use the
supernatant.

[Note—Standard solution B and the Sample solution may also be used for Identification test A—
Amino Acid Profile and for Identification test B—Steroidal Saponins Profile.]

Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).
Application volume:  5 µL, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of isopropyl alcohol, methanol, and water (4:1:4)
Spray reagent:  Dragendorff reagent—Dissolve 1.7 g of bismuth subnitrate and 20 g of

tartaric acid in 80 mL of water (Solution A). Dissolve 16 g of potassium iodide in 40 mL of
water (Solution B). Mix equal volumes of Solution A and Solution B; to 5 mL of the
mixture, add 10 g tartaric acid and 50 mL of water, and mix well.

[Note—The mixture of Solution A and Solution B is stable for several weeks in the
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refrigerator.]
System suitability 

Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under short-wave UV light (254 nm), before treatment
with the Spray reagent, the chromatogram of Standard solution B displays, in its lower
half, a quenching band with a retardation factor (RF) similar to that of the trigonelline
band in the chromatogram of Standard solution A.

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6
cm. Air-dry, and examine under short-wave UV light (254 nm). Treat with Spray
reagent, air-dry, and immediately examine under white light.

Acceptance criteria:  Under short-wave UV light, the chromatogram of the Sample solution
displays a quenching band corresponding to the trigonelline band in the chromatograms of
Standard solution A and Standard solution B. Under white light, following treatment with
Spray reagent, the chromatogram of the Sample solution displays a red-orange band
corresponding to the trigonelline band in the chromatograms of Standard solution A and
Standard solution B.

•  Botanical Characteristics
Macroscopic:  The seeds are oblong, 3–5 mm long, 2–3 mm wide, 1.5–2.0 mm thick, with

rounded corners, smooth, dull yellowish-brown to reddish-brown. They are flattened and
have a very characteristic rhomboidal outline. Nearly in the center of one of the long,
narrow sides is a small depression in which both hilum and micropyle are situated, the
former being distinctly visible as a whitish point. This depression is continued in the form
of a furrow running diagonally across part of each of the adjoining sides, dividing the seed
into two unequal lobes. A cut made transversely to pass through both lobes reveals two
accumbent cotyledons in the larger lobe, and the radicle in the smaller lobe. Both are
yellowish in color, and surrounded by a darker, horny, translucent endosperm, which also
separates the radicle from the cotyledons.

Microscopic:  Transverse section shows an epidermis of palisade cells, one layer, with thick
cuticle and thick lamellated walls, and a relatively large lumen at the lower part.
Longitudinal pit-canals fine and close. Subepidermal layer of basket-like cells, with bar-like
thickening on the radial walls, followed by a parenchymatous layer. Endosperm consists of
a layer of thick-walled cells containing aleurone grains, several layers of polyhedral cells
with stratified mucilaginous contents and thickened walls. Cotyledons of parenchymatous
cells containing fixed oil globules and aleurone grains up to 15 µm in diameter. The
parenchyma of the testa composed of several layers of thin-walled cells which appear
similar in sectional view but in surface view the layers show structural differences: some
are composed of elongated rectangular cells with slightly thickened and beaded walls;
other layers include of thin-walled polygonal cells which may be very irregular in size or
may enclose irregular intercellular spaces.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Loss on Drying 731
Sample:  1 g

Analysis:  Dry the Sample at 105  for 2 h.
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Acceptance criteria:  NMT 12.0%

•  Articles of Botanical Origin, Total Ash 561 : NMT 5.0%

•  Articles of Botanical Origin, Alcohol–Soluble Extractives, Method 1 561 : NLT 5.0%

•  Articles of Botanical Origin, Water–Soluble Extractives, Method 1 561 : NLT 9.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was derived.

•  USP Reference Standards 11
USP 4-Hydroxyisoleucine RS 
USP Trigonella Foenum-graecum Seed Powdered Extract RS
USP Trigonelline Hydrochloride RS 

1  Suitable commercially available plates are HPTLC  Silica Gel 60 F254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING

Fenugreek Seed Powder. Because there is no existing USP monograph for this dietary
supplement, a new monograph is proposed. The liquid chromatographic procedure in the test
for Content of 4-Hydroxyisoleucine is performed using the Phenomenex Luna C18(2) brand of
L1 column with 5-µm packing. The typical retention time for 4-hydroxyisoleucine is 7.5 min.

(DS: A. Bzhelyansky.)
Correspondence Number—C56129

Comment deadline: January 31, 2014

Add the following:
Fenugreek Seed Powder

DEFINITION

Fenugreek Seed Powder consists of the dried ripe seeds of Trigonella foenum-graecum L. (Fam.
Fabaceae), reduced to powder or very fine powder. It contains NLT 0.2% of 4-
hydroxyisoleucine, calculated on the dried basis.

IDENTIFICATION
•  A. Thin-Layer Chromatography—Amino Acid Profile

Standard solution A:  0.5 mg/mL of USP 4-Hydroxyisoleucine RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Powder in 5 mL of methanol, and heat, with

agitation, at 50  for 15 min. Centrifuge, and use the supernatant.
[Note—Standard solution B and the Sample solution may also be used for Identification test B—

Steroidal Saponins Profile and for Specific Tests, Presence of Trigonelline.]

USP38
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Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).1

Application volume:  2 µL each of Standard solution A and Standard solution B, and 4 µL
of the Sample solution, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of n-butanol, acetic acid, and water (7:2:1)
Spray reagent:  A solution of 3% ninhydrin in a mixture of isopropanol and glacial acetic

acid (19:1)
System suitability 

Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit band patterns approximately corresponding in color and
position to those specified in Table 1.

Retardation factor (RF) reproducibility:  The retardation factors obtained with
Standard solution A and Standard solution B are within ±10% of the values specified in
Table 1.

Table 1

Component

Retardation
Factor
(RF)

UV Light
(365 nm) White Light

Standard
solution

A

Standard
solution

B

Standard
solution

A

Standard
solution

B

— 0.41 — light reddish-
brown — light brown

— 0.35 — light reddish-
brown — light brown

— 0.31 — — — light brown
4-

Hydroxyisoleucine 0.26
intense dark

brown
intense dark

brown
intense dark

brown
intense dark

brown

— 0.19 — faint light
brown — faint light

brown
Analysis 

Samples:  Standard solution A, Standard solution B, and Sample solution 
Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6

cm. Air-dry, treat with Spray reagent, heat for 2 min at 105 –110 , and immediately
examine under white light and under long-wave UV light (365 nm).

Acceptance criteria:  Under long-wave UV light (365 nm), the chromatogram of the Sample
solution exhibits, in its lower half, four bands corresponding in color and RF to those
observed with Standard solution B. In its upper half, the chromatogram of the Sample
solution displays three yellow fluorescent bands, in the order of increasing RF: medium
intensity (0.64), the brightest (0.73), and the faintest (0.84). Under white light, the
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chromatogram of the Sample solution displays, in its lower half, five brown bands
corresponding in color and RF to those observed with Standard solution B.

•  B. Thin-Layer Chromatography—Steroidal Saponins Profile
Standard solution:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Powder in 5 mL of methanol, and heat, with

agitation, at 50  for 15 min. Centrifuge, and use the supernatant.
[Note—The Standard solution and Sample solution may also be used for Identification test A—

Amino Acid Profile and for Specific Tests, Presence of Trigonelline.]
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).
Application volume:  2 µL each of the Standard solution and the Sample solution, as 8-

mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of dichloromethane, methanol, and water

(18:8:1)
Spray reagent:  A mixture of methanol, glacial acetic acid, sulfuric acid, and p-

anisaldehyde (170:20:10:1). Prepare on an ice bath, and mix well.
System suitability 

Sample:  Standard solution
Suitability requirements 

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit band patterns approximately corresponding in color and
position to those specified in Table 2.

Retardation factor (RF) reproducibility:  The retardation factors obtained with the
Standard solution are within ±10% of the values specified in Table 2.

Table 2

Retardation Factor
(RF)

Standard solution

UV Light
(365 nm) White Light

0.75 — very faint violet
0.72 — very faint violet
0.60 faint reddish-brown light violet
0.43 light blue faint yellow
0.33 faint reddish-brown violet
0.25 light blue brown
0.16 — brown
0.11 light blue brown

Analysis 
Samples:  Standard solution and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6
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cm. Air-dry, treat with Spray reagent, heat for 3 min at 105 –110 , and immediately
examine under white light and under the long-wave UV light (365 nm).

Acceptance criteria:  Under white light, and under long-wave UV light (365 nm), the
chromatogram of the Sample solution displays bands similar in pattern and color to those
observed with the Standard solution.

COMPOSITION
•  Content of 4-Hydroxyisoleucine

Solution A:  0.1% Phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 80.0 20.0
20 40.0 60.0
21 80.0 20.0
25 80.0 20.0

Diluent:   Methanol and water (1:1)
Reagent:  A mixture of acetonitrile, water, and triethylamine (10:3:2)
Standard solution:  Transfer about 4.0 mg of USP 4-Hydroxyisoleucine RS, accurately

weighed, into a 50-mL volumetric flask, and dissolve in 5 mL of the Diluent. Add 10 mL of
Reagent and 0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add 30 mL of
methanol, adjust with water to volume, and mix well.

Sample stock solution:  Transfer about 2.0 g of accurately weighed Powder into a

centrifuge tube. Add 8 mL of Diluent, place on a water bath at 65  for 5 min, sonicate for
5 min, and centrifuge. Retain the supernatant, and repeat extraction with 8 mL of Diluent
two more times. Combine all three extracts in the 25-mL volumetric flask, dilute with
Diluent to volume, and mix well.

Sample solution:  Transfer 5.0 mL of Sample stock solution into a 50-mL volumetric flask,
add 10 mL of Reagent and 0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add 30
mL of methanol, dilute with water to volume, and mix well. Pass through a nylon filter
having a 0.45-µm or finer pore size, discarding the initial few mL of the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV, 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Column temperature:  Ambient
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for the 4-hydroxyisoleucine peak, Standard solution
Relative standard deviation:  NMT 2.0% determined for the 4-hydroxyisoleucine peak
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in replicate injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to 4-hydroxyisoleucine in the Sample solution chromatogram. 
Calculate the percentage of 4-hydroxyisoleucine in the portion of Powder taken:

Result = (rU/rS) × CS × (V/W) × D × 100

rU= peak area of 4-hydroxyisoleucine in the Sample solution
rS= peak area of 4-hydroxyisoleucine in the Standard solution
CS= concentration of USP 4-Hydroxyisoleucine RS in the Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Powder taken to prepare the Sample stock solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution, 10

Acceptance criteria:   NLT 0.2% on the dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Presence of Trigonelline

Standard solution A:  1.5 mg/mL of USP Trigonelline Hydrochloride RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  Suspend about 1 g of Powder in 5 mL of methanol, and heat, with

agitation, at 50  for 15 min. Centrifuge, and use the supernatant.
[Note—Standard solution B and the Sample solution may also be used for Identification test A—

Amino Acid Profile and for Identification test B—Steroidal Saponins Profile.]
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
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Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plate).

Application volume:  5 µL, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of isopropyl alcohol, methanol, and water (4:1:4)
Spray reagent:  Dragendorff reagent—Dissolve 1.7 g of bismuth subnitrate and 20 g of

tartaric acid in 80 mL of water (Solution A). Dissolve 16 g of potassium iodide in 40 mL of
water (Solution B). Mix equal volumes of Solution A and Solution B; to 5 mL of the
mixture, add 10 g tartaric acid and 50 mL of water, and mix well.

[Note—The mixture of Solution A and Solution B is stable for several weeks in the
refrigerator.]

System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under short-wave UV light (254 nm), before treatment
with the Spray reagent, the chromatogram of Standard solution B displays, in its lower
half, a quenching band with a retardation factor (RF) similar to that of the trigonelline
band in the chromatogram of Standard solution A.

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6
cm. Air-dry, and examine under short-wave UV light (254 nm). Treat with Spray
reagent, air-dry, and immediately examine under white light.

Acceptance criteria:  Under short-wave UV light, the chromatogram of the Sample solution
displays a quenching band corresponding to the trigonelline band in the chromatograms of
Standard solution A and Standard solution B. Under white light, following treatment with
Spray reagent, the chromatogram of the Sample solution displays a red-orange band
corresponding to the trigonelline band in the chromatograms of Standard solution A and
Standard solution B.

•  Botanical Characteristics
Macroscopic:  Yellow-brown powder
Microscopic:  Fragments of the test in sectional view with thick cuticle covering lageniform

epidermal cells, with an underlying hypodermis of large cells, narrower at the upper end
and constricted in the middle, with bar-like thickenings of the radial walls; yellowish-brown
fragments of the epidermis in surface view, composed of small, polygonal cells with
thickened and pitted walls, frequently associated with the hypodermal cells, circular in
outline with thickened and closely beaded walls; fragments of the hypodermis viewed from
below, composed of polygonal cells whose bar-like thickenings extend to the upper and
lower walls; parenchyma of the testa with elongated, rectangular cells with slightly
thickened and beaded walls; fragments of endosperm with irregularly thickened, sometimes
elongated cells, containing mucilage.

•  Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%

•  Loss on Drying 731
Sample:  1 g

Analysis:  Dry the Sample at 105  for 2 h.
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Acceptance criteria:  NMT 12.0%

•  Articles of Botanical Origin, Total Ash 561 : NMT 5.0%

•  Articles of Botanical Origin, Alcohol–Soluble Extractives, Method 1 561 : NLT 5.0%

•  Articles of Botanical Origin, Water–Soluble Extractives, Method 1 561 : NLT 9.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the article was derived.

•  USP Reference Standards 11
USP 4-Hydroxyisoleucine RS 
USP Trigonella Foenum-graecum Seed Powdered Extract RS
USP Trigonelline Hydrochloride RS 

1  Suitable commercially available plates are HPTLC  Silica Gel 60 F254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING

Fenugreek Seed Powdered Extract. Because there is no existing USP monograph for this
dietary supplement, a new monograph is proposed. The liquid chromatographic procedure in
the test for Content of 4-Hydroxyisoleucine is performed using the Phenomenex Luna C18(2)
brand of L1 column with 5-µm packing. The typical retention time for 4-hydroxyisoleucine is
7.5 min.

(DS: A. Bzhelyansky.)
Correspondence Number—C56005

Comment deadline: January 31, 2014

Add the following:
Fenugreek Seed Powdered Extract

DEFINITION

Fenugreek Seed Powdered Extract is prepared from the dried ripe seeds of Trigonella foenum-
graecum L. (Fam. Fabaceae) by extraction with hydroalcoholic mixtures. It contains NLT 90.0%
and NMT 110.0% of the labeled amount of 4-hydroxyisoleucine, calculated on the dried basis.

IDENTIFICATION
•  A. Thin-Layer Chromatography—Amino Acid Profile

Standard solution A:  0.5 mg/mL of USP 4-Hydroxyisoleucine RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  50 mg/mL of Powdered Extract in methanol. Sonicate for 10 min,

centrifuge, and use the supernatant.
[Note—Standard solution B and the Sample solution may also be used for Identification test B—

USP38
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Steroidal Saponins Profile and for Specific Tests, Presence of Trigonelline.]
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).1

Application volume:  2 µL, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of n-butanol, acetic acid, and water (7:2:1)
Spray reagent:  A solution of 3% ninhydrin in a mixture of isopropanol and glacial acetic

acid (19:1)
System suitability 

Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 1.

Retardation factor (RF) reproducibility:  The retardation factors obtained with
Standard solution A and Standard solution B are within ±10% of the values specified in
Table 1.

Table 1

Component

Retardation
Factor
(RF)

UV Light
(365 nm) White Light

Standard
solution

A

Standard
solution

B

Standard
solution

A

Standard
solution

B

— 0.41 — light reddish-
brown — light brown

— 0.35 — light reddish-
brown — light brown

— 0.31 — — — light brown
4-Hydroxyisoleucine

0.26
intense dark

brown
intense dark

brown
intense dark

brown
intense dark

brown
— 0.19 — faint light brown — faint light brown

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, remove the plate from the chamber, until the solvent
front has migrated over a path of 6 cm. Air-dry, treat with Spray reagent, heat for 2

min at 105 –110 , and immediately examine under white light and under the long-wave
UV light (365 nm).

Acceptance criteria:  Under long-wave UV light (365 nm), the chromatogram of the Sample
solution exhibits, in its lower half, four bands corresponding in color and RF to those
observed with Standard solution B. In its upper half, the chromatogram of the Sample
solution displays three yellow fluorescent bands, in the order of increasing RF: medium
intensity (0.64), the brightest (0.73), and the faintest (0.84). Under white light, the
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chromatogram of the Sample solution displays, in its lower half, five brown bands
corresponding in color and RF to those observed with Standard solution B.

•  B. Thin-Layer Chromatography—Steroidal Saponins Profile
Standard solution:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  50 mg/mL of Powdered Extract in methanol. Sonicate for 10 min,

centrifuge, and use the supernatant.
[Note—The Standard solution and Sample solution may also be used for Identification test A—

Amino Acid Profile and for Specific Tests, Presence of Trigonelline.]
Chromatographic system  

(See Chromatography 621 Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).
Application volume:  2 µL, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of dichloromethane, methanol, and water

(18:8:1)
Spray reagent:  A mixture of methanol, glacial acetic acid, sulfuric acid, and p-

anisaldehyde (170:20:10:1). Prepare on an ice bath, and mix well.
System suitability 

Sample:  Standard solution
Suitability requirements 

Chromatographic pattern:  Under long-wave UV light (365 nm), and under white light,
the chromatograms exhibit the band patterns approximately corresponding in color and
position to those specified in Table 2.

Retardation factor (RF) reproducibility:  The retardation factors obtained with the
Standard solution are within ±10% of the values specified in Table 2.

Table 2

Retardation Factor
(RF)

Standard solution

UV Light
(365 nm)White Light

0.75 — very faint violet
0.72 — very faint violet
0.60 faint reddish-brownlight violet
0.43 light blue faint yellow
0.33 faint reddish-brown violet
0.25 light blue brown
0.16 — brown
0.11 light blue brown

Analysis 
Samples:  Standard solution and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6

cm. Air-dry, treat with Spray reagent, heat for 3 min at 105 –110 , and immediately
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examine under white light and under the long-wave UV light (365 nm).
Acceptance criteria:  Under white light, and under long-wave UV light (365 nm), the

chromatogram of the Sample solution displays the bands similar in pattern and color to
those observed with the Standard solution.

COMPOSITION
•  Content of 4-Hydroxyisoleucine

Solution A:  0.1% Phosphoric acid in water
Solution B:  Acetonitrile
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 80.0 20.0
20 40.0 60.0
21 80.0 20.0
25 80.0 20.0

Diluent:   Methanol and water (1:1)
Reagent:   A mixture of acetonitrile, water, and triethylamine (10:3:2)
Standard solution:  Transfer about 4.0 mg of USP 4-Hydroxyisoleucine RS, accurately

weighed, into a 50-mL volumetric flask, and dissolve in 5 mL of the Diluent. Add 10 mL of
Reagent and 0.5 mL of phenyl isothiocyanate, and shake for 5 min. Add 30 mL of
methanol, adjust with water to volume, and mix well.

Sample solution:  Transfer the amount of accurately weighed Powdered Extract calculated
to contain about 4 mg of 4-hydroxyisoleucine into a 50-mL volumetric flask, and dissolve
in 5 mL of Diluent. Add 10 mL of Reagent and 0.5 mL of phenyl isothiocyanate, and shake
for 5 min. Add 30 mL of methanol, adjust with water to volume, and mix well.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  HPLC
Detector:  UV, 254 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Column temperature:  Ambient
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0 for the 4-hydroxyisoleucine peak, Standard solution
Relative standard deviation:  NMT 2.0% determined for the 4-hydroxyisoleucine peak

in replicate injections, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to 4-hydroxyisoleucine in the Sample solution chromatogram. 
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Calculate the percentage of 4-hydroxyisoleucine in the portion of Powdered Extract taken:

Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of 4-hydroxyisoleucine from the Sample solution
rS= peak area of 4-hydroxyisoleucine from the Standard solution
CS= concentration of USP 4-Hydroxyisoleucine RS in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Extract taken to prepare the Sample solution (mg)

Acceptance criteria:  90.0%–110.0% of the labeled amount of 4-hydroxyisoleucine, on the
dried basis

CONTAMINANTS

•  Elemental Impurities—Procedures 233
Acceptance criteria 

Arsenic:  NMT 2.0 µg/g
Cadmium:  NMT 1.0 µg/g
Lead:  NMT 10.0 µg/g
Mercury:  NMT 1.0 µg/g

•  Articles of Botanical Origin, General Method for Pesticide Residues Analysis 561 : Meets
the requirements

•  Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli

SPECIFIC TESTS
•  Presence of Trigonelline

Standard solution A:  1.5 mg/mL of USP Trigonelline Hydrochloride RS in methanol
Standard solution B:  50 mg/mL of USP Trigonella Foenum-graecum Seed Powdered Extract

RS in methanol. Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution:  50 mg/mL of Powdered Extract in methanol. Sonicate for 10 min,

centrifuge, and use the supernatant.
[Note—Standard solution B and the Sample solution may also be used for Identification test A—

Amino Acid Profile and for Identification test B—Steroidal Saponins Profile.]
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  HPTLC
Adsorbent:  Chromatographic silica gel with an average particle size of 5 µm (HPTLC

plate).
Application volume:  5 µL, as 8-mm bands

Temperature:  Ambient, not to exceed 30
Developing solvent system:  A mixture of isopropyl alcohol, methanol, and water (4:1:4)
Spray reagent:  Dragendorff reagent—Dissolve 1.7 g of bismuth subnitrate and 20 g of

tartaric acid in 80 mL of water (Solution A). Dissolve 16 g of potassium iodide in 40 mL of
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water (Solution B). Mix equal volumes of Solution A and Solution B; to 5 mL of the
mixture, add 10 g of tartaric acid and 50 mL of water, and mix well.

[Note—The mixture of Solution A and Solution B is stable for several weeks in the
refrigerator.]

System suitability 
Samples:  Standard solution A and Standard solution B
Suitability requirements 

Chromatographic pattern:  Under short-wave UV light (254 nm), before application of
the Spray reagent, the chromatogram of Standard solution B displays, in its lower half,
a quenching band, with a retardation factor (RF) similar to that of the trigonelline band
in the chromatogram of Standard solution A.

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution 

Apply the samples as bands, and dry in air. Condition at relative humidity at about 33%.
Develop in a saturated chamber, until the solvent front has migrated over a path of 6
cm. Air-dry, and examine under short-wave UV light (254 nm). Treat with Spray
reagent, air-dry, and immediately examine under white light.

Acceptance criteria:  Under short-wave UV light (254 nm), the chromatogram of the
Sample solution displays a quenching band corresponding to the trigonelline band in the
chromatograms of Standard solution A and Standard solution B. Under white light,
following treatment with Spray reagent, the chromatogram of the Sample solution displays
a red-orange band corresponding to the trigonelline band in the chromatograms of
Standard solution A and Standard solution B.

•  Water Determination, Method Ia 921 : NMT 6.0%

•  Residue on Ignition 281 : NMT 5.0%

•  Residual Solvents 565 : Meets the requirements

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light and

moisture, and store at room temperature.
•  Labeling: The label states the Latin binomial and, following the official name, the part of the

plant from which the extract was derived. It also meets the requirements for Labeling in

Botanical Extracts 565 .

•  USP Reference Standards 11
USP 4-Hydroxyisoleucine RS 
USP Trigonella Foenum-graecum Seed Powdered Extract RS
USP Trigonelline Hydrochloride RS 

1  Suitable commercially available plates are HPTLC  Silica Gel 60 F254 from EMD Millipore (e.g., Part No.
1.05642.0001).

BRIEFING

Flax Seed Oil Capsules. Because there is no existing USP monograph for this dietary
supplement dosage form, a new monograph is being proposed.

(DS: N. Davydova.)

USP38
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Correspondence Number—C134205

Comment deadline: January 31, 2014

Add the following:
Flax Seed Oil Capsules

DEFINITION

Flax Seed Oil Capsules are prepared with Flax Oil derived from cold-pressed flax seeds and
contain NLT 90.0% and NMT 110.0% of the sum of the labeled amounts of alpha linolenic
(C18:3 n–3), linoleic (C18:2 n–6), and oleic (C18:1 n–9) acids and NLT 80% of each individual
acid.

IDENTIFICATION
•  A.

Sample:  A portion of oil, about 2 mL, from NLT 10 Capsules
Analysis:  Transfer the Sample to a suitable test tube. Add 2 mL of glacial acetic acid, and

warm the test tube to about 50 , while swirling, for 5 min. Cool, and add 1 drop of sulfuric
acid.

Acceptance criteria:  A greenish color develops.
•  B. Fatty Acid Profile

Sample solution:  Proceed as directed for the Sample solution in Strength, beginning with
“Transfer 80 mg” without the addition of the Internal standard.

Acceptance criteria:  The Sample solution conforms to the fatty acids composition profile
in Table 1.

Table 1

Fatty
Acid

Shorthand
Notation

Percentage
(%)

Palmitic acid 16:0 2.0–7.5
Stearic acid 18:0 1.0–6.0
Oleic acid 18:1 n–9 12.0–24.0
Linoleic acid 18:2 n–6 11.0–23.0
Alpha linolenic acid 18:3 n–3 50.0–65.0

STRENGTH
•  Content of Alpha Linolenic, Linoleic, and Oleic Acids

0.5 N methanolic sodium hydroxide solution:  Dissolve 2 g of sodium hydroxide in 100 mL
of methanol.

Internal standard:  Methyl nonadecanoate
Sample solution:  Weigh NLT 10 Capsules. With a sharp blade, carefully slice open the

Capsules, avoiding loss of shell material. Combine the Capsule contents in a suitable
container, and mix well. Remove any adhering substance from the emptied Capsules by
washing with several portions of diethyl ether, and discard the washings. Allow the empty
Capsule shells to air-dry over a period of NMT 30 min, taking precautions to avoid uptake
or loss of moisture. Weigh the empty Capsule shells, and calculate the average fill
weight/Capsule (AF). Transfer 80 mg of the accurately weighed combined Capsule
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contents directly into a tared 30-mL screw-top glass centrifuge tube. Re-tare, and
accurately weigh about 50 mg of Internal standard. Add 2 mL of 0.5 N methanolic sodium
hydroxide solution, tightly cap, and transfer to a heating block, or another appropriate
heating device. Reflux the solution until fat globules disappear (usually 5–10 min). Add 2
mL of 0.14 g/mL boron trifluoride in methanol, cap, and reflux for 2 min. Add 4 mL of
chromatographic n-heptane, cap, and reflux for 1 min. Cool, add about 8 mL of saturated
sodium chloride solution, shake, and centrifuge to separate layers. Dilute an aliquot of the
upper (heptane) layer 1:8 with chromatographic n-heptane, and mix well.

System suitability solution:  Using about 80 mg of USP Flax Oil RS, proceed as directed
for the Sample solution, beginning with “Transfer 80 mg” without the addition of the
Internal standard.

Standard solution:  Directly into a tared 30-mL screw-top glass centrifuge tube accurately
weigh about 50 mg of USP Methyl Linolenate RS, 20 mg of USP Methyl Linoleate RS, and
20 mg of USP Methyl Oleate RS. Proceed as directed for the Sample solution, beginning
with “Re-tare”.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.53-mm × 30-m fused silica capillary; coated with a 1.0-µm film of G16
Temperatures 

Injection port:  220

Detector:  260
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time
at Final

Temperature
(min)

70 0 70 2
70 5 240 5

Carrier gas:  Helium
Linear velocity:  50 cm/s
Split mode:  Splitless
Injection volume:  1 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Chromatogram similarity:  The System suitability solution chromatogram is similar to
the reference chromatogram provided with the lot of USP Flax Oil RS being used.

Resolution:  NLT 1.5 between methyl oleate and methyl stearate, System suitability
solution

Relative standard deviation:  NMT 2% for the peak area ratios of analytes to internal
standard, Standard solution

Analysis 
Samples:  Sample solution and Standard solution 
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Identify the retention times of the relevant fatty acid methyl esters by comparing the
peaks in the chromatogram of the System suitability solution with those in the reference
chromatogram. Identify the locus for the internal standard peak by comparison of the
chromatograms of the Standard solution and System suitability solution. 
Calculate the content, in mg/g, of alpha linolenic, linoleic, and oleic acids in the portion
of the Capsule contents taken:

Result = (RU/RS) × (AU/AS) × (mS/W) × (Mr1/Mr2)

RU= peak area ratio of the relevant methyl ester to the internal standard in the Sample
solution

RS= peak area ratio of the relevant methyl ester to the internal standard in the Standard
solution

AU= weight of the Internal standard in the Sample solution (mg)
AS= weight of the Internal standard in the Standard solution (mg)
mS= weight of the relevant USP Methyl Ester RS in the Standard solution (mg)
W= weight of sample used to prepare the Sample solution (g)
Mr1= molecular weight of the relevant fatty acid (g/mol)
Mr2= molecular weight of the relevant fatty acid methyl ester (g/mol)

Calculate the percentage of the labeled sum of alpha linolenic, linoleic, and oleic acids in
the portion of Capsules taken:

Result = S × AF × (100/L)

S= sum of the content of alpha linolenic, linoleic, and oleic acids in the portion of Capsule
contents taken (mg/g)

AF= average fill weight (g)
L= sum of the labeled content of alpha linolenic, linoleic, and oleic acids (mg/Capsule)

Calculate the percentage of the labeled amounts of each individual alpha linolenic,
linoleic, and oleic acid in the portion of Capsules taken:

Result = A × AF × (100/L)

A= content of the relevant fatty acid in the portion of Capsule contents taken (mg/g)
AF= average fill weight (g)
L= labeled content of the relevant fatty acid (mg/Capsule)

Acceptance criteria:  90.0%–110.0% of the sum of the labeled amounts of alpha linolenic,
linoleic, and oleic acids; and NLT 80% of each individual acid

PERFORMANCE TESTS

•  Disintegration and Dissolution 2040 : Meet the requirements for Rupture Test for Soft
Shell Capsules

•  Weight Variation 2091 : Meet the requirements

SPECIFIC TESTS

•  Fats and Fixed Oils, Peroxide Value 401 : NMT 10.0
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CONTAMINANTS

•  Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 1
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.

•  Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Escherichia coli

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tightly-closed, light-resistant containers.
•  Labeling: The label states the article from which the Capsules were prepared and the

content of alpha linolenic, linoleic, and oleic acids in mg/Capsule.

•  USP Reference Standards 11
USP Flax Oil RS
USP Methyl Linoleate RS 
USP Methyl Linolenate RS 
USP Methyl Oleate RS 

BRIEFING

Excipients, USP and NF Excipients, Listed by Functional Category, page 5895 of the
Second Supplement to USP 36. It is proposed to add Polyethylene Glycol 3350 to the Coating
Agent, Diluent, Film-Forming Agent, Lubricant, Ointment Base, Plasticizer, Solvent, and
Suppository Base categories to complement the new Polyethylene Glycol 3350 monograph that
also appears in this issue of PF.

(EXC: H. Wang.)    Correspondence Number—C118641

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.

Change to read:
Coating Agent

Polyethylene Glycol 3350

Change to read:
Diluent

Polyethylene Glycol 3350

Change to read:
Film-Forming Agent

Polyethylene Glycol 3350

Change to read:
Lubricant

USP38
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Polyethylene Glycol 3350

Change to read:
Ointment Base

Polyethylene Glycol 3350

Change to read:
Plasticizer

Polyethylene Glycol 3350

Change to read:
Solvent

Polyethylene Glycol 3350

Change to read:
Suppository Base

Polyethylene Glycol 3350

BRIEFING

Chlorobutanol, NF 31 page 1963. As part of the USP monograph modernization effort and
comments received, it is proposed to make the following revisions:

1. Replace the current titrimetric Assay with a gas chromatographic method. The proposed
method is based on analysis performed with the Agilent J&W DB-WAX brand of G16
column and a flame ionization detector using 2,2,2-trichloroethanol as an internal
standard. The chlorobutanol and internal standard peaks elute at approximately 5.9
and 7.9 min, respectively.

2. Replace the wet chemistry Identification test B with the identification by retention time
as obtained in the Assay.

(EXC: G. Holloway.)
Correspondence Number—C135442

Comment deadline: January 31, 2014
Chlorobutanol
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C4H7Cl3O       177.46 
C4H7Cl3O·½H2O       186.46 

2-Propanol, 1,1,1-trichloro-2-methyl-;     
1,1,1-Trichloro-2-methyl-2-propanol     [57-15-8].
Hemihydrate     [6001-64-5].

DEFINITION

Chlorobutanol is anhydrous or contains NMT one-half molecule of water of hydration. It
contains NLT 98.0% and NMT 100.5% of chlorobutanol (C4H7Cl3O), calculated on the
anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B.

Sample solution:  5 mg/mL, freshly prepared solution
Analysis:  To 5 mL of the Sample solution add 1 mL of 1 N sodium hydroxide, then slowly

add 3 mL of iodine TS.
Acceptance criteria:  A yellow precipitate of iodoform, recognizable by its odor, appears.

The retention time of the chlorobutanol peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Denatured alcohol:  10% of isopropyl alcohol in alcohol
Potassium hydroxide solution:  Prepare fresh just before use. Transfer 58 g of potassium

hydroxide to a 1000-mL flask. Add 100 mL of water to dissolve, then cool the solution.
Dilute with Denatured alcohol to volume.

Sample:  100 mg
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Direct titration
Electrode:  Silver-billet combination electrode, consisting of a metallic silver indicator

electrode and a double junction reference electrode that allows use of a nonchloride
filling solution (such as ammonium nitrate solution) for determining chloride, or
equivalent

Titrant:  0.1 N silver nitrate VS
Endpoint detection:  Potentiometric

Analysis:  Transfer the Sample to a glass-stoppered, flat-bottomed boiling flask. Add 50
mL of Potassium hydroxide solution, attach the flask to a reflux condenser, and reflux for
1 h. Allow the flask to cool while still attached to the condenser, then add 100 mL of
water, using a portion of the water to rinse the condenser and its tip. Add 15 mL of nitric

NF33
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acid while stirring. Titrate with Titrant. Perform a blank determination, and make any
necessary correction. Each mL of Titrant is equivalent to 5.915 mg of chlorobutanol
(C4H7Cl3O).
Standard solution:  10.0 mg/mL of USP Chlorobutanol RS and 15.0 mg/mL of 2,2,2-
trichloroethanol (internal standard) in n-hexane
Sample solution:  10.0 mg/mL of Chlorobutanol and 15.0 mg/mL of 2,2,2-trichloroethanol

(internal standard) in n-hexane
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m fused silica; coated with a 0.25-µm layer of stationary

phase G16
Temperatures 

Injection port:  260

Detector:  280

Column:  135
Carrier gas:  Helium
Flow rate:  1.0 mL/min
Injection volume:  1 µL
Injection type:  Split injection, split ratio 10:1
Run time:  12 min

System suitability 
Sample:  Standard solution
[Note—The relative retention times for chlorobutanol and 2,2,2-trichloroethanol are 1.0

and 1.3, respectively.]
Suitability requirements 

Resolution:  NLT 5 between the chlorobutanol and 2,2,2-trichloroethanol peaks
Tailing factor:  NMT 1.5 for the chlorobutanol peak
Relative standard deviation:  NMT 0.3% for peak area ratio of chlorobutanol to the

internal standard
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of chlorobutanol in the portion of Chlorobutanol taken:

Result = (RU/RS) × (CS/CU) × P × 100

RU= peak area ratio of chlorobutanol to the internal standard from the Sample solution
RS= peak area ratio of chlorobutanol to the internal standard from the Standard solution
CS= concentration of USP Chlorobutanol RS in the Standard solution (mg/mL)
CU= concentration of Chlorobutanol in the Sample solution (mg/mL)
P= labeled purity of USP Chlorobutanol RS

Acceptance criteria:  98.0%–100.5% on the anhydrous basis
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IMPURITIES
•  Chloride

Control solution:  0.50 mL of 0.020 N hydrochloric acid in a mixture of 25 mL of diluted
alcohol and 1 mL of nitric acid

Sample solution:  0.50 g of Chlorobutanol in a mixture of 25 mL of diluted alcohol and 1 mL
of nitric acid

Analysis:  To the Control solution and Sample solution add 2 mL of silver nitrate TS.
Acceptance criteria:  0.07%; any turbidity produced in the Sample solution is NMT that

produced in the Control solution.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 1.0% (anhydrous form) and NMT 6.0%
(hydrous form)

•  Reaction
Sample:  0.5 g
Analysis:  Shake the Sample thoroughly with 25 mL of water.
Acceptance criteria:  The water remains neutral to litmus.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Label it to indicate whether it is anhydrous or hydrous.

•  USP Reference Standards 11
USP Chlorobutanol RS 

BRIEFING

Methacrylic Acid Copolymer, NF 31 page 2087. On the basis of comments and data received,
it is proposed to make the following changes:

1. In the test for Limit of Monomers, add a note for preparation of the Standard solution
for Type A or Type B and the Sample solution for Type A or Type B. Increase the
concentrations of the Standard solution for Type C and the Sample solution for Type
C. Correspondingly, change the final volume of the Sample solution for Type C and
the dilution factor for preparation of the Sample solution for Type C in the
calculation formula.

2. Update the test for Rotational Rheometer Methods to include Method II and Method I,
and revise the texts for added clarity. See the Briefing under Rotational Rheometer

Methods 912  elsewhere in this PF for the change in chapter title. The proposed
chapter title is “Viscosity—Rotational Methods”.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(EXC: H. Wang.)
Correspondence Number—C129997

Comment deadline: January 31, 2014
Methacrylic Acid Copolymer
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(Any article currently titled Methacrylic Acid Copolymer, Type A or Type B, will be
officially titled Methacrylic Acid and Methyl Methacrylate Copolymer after December 1,
2015. Any article currently titled Methacrylic Acid Copolymer, Type C, will be officially
titled Methacrylic Acid and Ethyl Acrylate Copolymer after December 1, 2015. After
December 1, 2015, the Methacrylic Acid Copolymer monograph will no longer be valid.)

Type A or Type B: Poly(methacrylic acid, methyl methacrylate);     
Methacrylic acid–methyl methacrylate copolymer     [25086-15-1].
Type C: Poly(methacrylic acid, ethyl acrylate);     
Methacrylic acid–ethyl acrylate copolymer     [25212-88-8].

DEFINITION

Methacrylic Acid Copolymer consists of methacrylic acid and methyl methacrylate monomers
arranged in a random distribution or consists of methacrylic acid and ethyl acrylate monomers
arranged in a random distribution. It may contain suitable surface-active agents. The Assay
and Viscosity requirements differ for the three types, as described in the table below.

 Methacrylic
Acid Units, 
Dried Basis

(%)
Viscosity

mPa·s

Type Min. Max. Min. Max.
A 46.0 50.6 60 120
B 27.6 30.7 50 200
C 46.0 50.6 100 200

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. It meets the requirements of the Assay.

ASSAY
•  Procedure

Sample:  1 g, previously dried
Analysis:  Dissolve the Sample in 100 mL of neutralized acetone, and titrate with 0.1 N

sodium hydroxide VS, determining the endpoint potentiometrically (see Titrimetry 541
). Each mL of 0.1 N sodium hydroxide is equivalent to 8.609 mg of methacrylic acid
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(C4H6O2) units.
Acceptance criteria:  See Table 1.

Table 1

 Methacrylic
Acid Units, 
Dried Basis

(%)

Type Min. Max.

A 46.0 50.6
B 27.6 30.7
C 46.0 50.6

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1% for Types A and B; NMT 0.4% for Type C

•  Heavy Metals, Method II 231 : NMT 20 µg/g

Change to read:
•  Limit of Monomers

Phosphate buffer:  Prepare an aqueous solution containing 17.8 g/L of anhydrous dibasic
sodium phosphate and 17.0 g/L of monobasic potassium phosphate. Adjust with
phosphoric acid to a pH of 2.0. This buffer has a concentration of 0.125 M.

Sodium perchlorate solution:  35 mg/mL of sodium perchlorate. This solution has a
concentration of 0.25 M.

Mobile phase:  Add phosphoric acid dropwise to water to obtain a solution with a pH of
2.0. Prepare a mixture of this acidified water and methanol (80:20), and degas.

Standard solution for Type A or Type B:  Dissolve 0.05 g of methacrylic acid and 0.05 g of
methyl methacrylate in 5 mL of butanol, and add methanol to exactly 100 mL. Transfer 1.0
mL of this solution to a 100-mL volumetric flask. Dilute with methanol to volume. Mix 3.0
mL of this solution with 10.0 mL of Phosphate buffer. This solution contains 1.15 µg/mL
each of methacrylic acid and methyl methacrylate.
[Note—Due to volatility of monomers, tightly closed vials should be used.]

Standard solution for Type C:  Dissolve 0.01 g of methacrylic acid and 0.01 g of ethyl
acrylate in 5 mL of butanol, and add methanol to exactly 100 mL. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask. Dilute with methanol to volume. Mix 5.0
10.0

mL of this solution with 5.0 mL of Sodium perchlorate solution. This solution contains about
0.5
0.67

µg/mL each of methacrylic acid and ethyl acrylate.
Sample solution for Type A or Type B:  Transfer 1 g of Methacrylic Acid Copolymer, Type

A or Type B, to a 50-mL volumetric flask, dilute with methanol to volume, and mix. Add 3
mL of this solution dropwise, while continuously stirring, to a beaker that contains 10.0 mL
of Phosphate buffer. Remove the precipitated polymer to obtain a clear supernatant by
centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear supernatant.
[Note—Due to volatility of monomers, tightly closed vials should be used.]

Sample solution for Type C:  Transfer 3 g of Methacrylic Acid Copolymer, Type C, to a 50-
mL volumetric flask, dilute with methanol to volume, and mix. Add 5
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10.0
mL of this solution dropwise, while continuously stirring, to a beaker that contains 5.0 mL of

Sodium perchlorate solution. Remove the precipitated polymer to obtain a clear
supernatant by centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear
supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

For Type A or Type B 
System suitability 

Sample:  Standard solution for Type A or Type B
[Note—The relative retention times for methacrylic acid and methyl methacrylate are 1.0

and 2.8, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between methacrylic acid and methyl methacrylate
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution for Type A or Type B and Sample solution for Type A or

Type B

Calculate the percentage of each monomer (methacrylic acid or methyl methacrylate) in
the portion of Methacrylic Acid Copolymer Type A or Type B taken:

Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or methyl methacrylate) from the
Sample solution for Type A or Type B

rS= peak response of the monomer (methacrylic acid or methyl methacrylate) from the
Standard solution for Type A or Type B

C= concentration of the monomer (methacrylic acid or methyl methacrylate) in the
Standard solution for Type A or Type B (µg/mL)

W= weight of Methacrylic Acid Copolymer Type A or Type B taken to prepare the Sample
solution for Type A or Type B (g)

VF= final volume of the Sample solution for Type A or Type B, 13 mL
D= dilution factor for preparation of the Sample solution for Type A or Type B, 16.7
F= conversion factor, 10 6 g/µg

Acceptance criteria:  NMT 0.05% for the total amount of monomers
For Type C 
System suitability 

Sample:  Standard solution for Type C
[Note—The relative retention times for methacrylic acid and ethyl acrylate are 1.0 and

2.6, respectively.]
Suitability requirements 

NF33

PF 39(6): Nov.-Dec. 2013 142



Resolution:  NLT 2.0 between methacrylic acid and ethyl acrylate
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution for Type C and Sample solution for Type C

Calculate the percentage of each monomer (methacrylic acid or ethyl acrylate) in the
portion of Methacrylic Acid Copolymer Type C taken:

Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Sample
solution for Type C

rS= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Standard
solution for Type C

C= concentration of the monomer (methacrylic acid or ethyl acrylate) in the Standard
solution for Type C (µg/mL)

W= weight of Methacrylic Acid Copolymer Type C taken to prepare the Sample solution for
Type C (g)

VF= final volume of the Sample solution for Type C, 10
15

mL
D= dilution factor for preparation of the Sample solution for Type C, 10

5
F= conversion factor, 10−6 g/µg

Acceptance criteria:  NMT 0.01% for the total amount of monomers

SPECIFIC TESTS

Change to read:

•  Rotational Rheometer Methods 912

Viscosity—Rotational Methods 912
Analysis:  Place 254.6 g of isopropyl alcohol and 7.9 g of water in a test flask. Add a

quantity of Methacrylic Acid Copolymer, equivalent to 37.5 g of solids on the dried basis,
while stirring by means of a magnetic stirrer. Close the flask, and continue stirring until the

polymer has dissolved completely. Adjust the temperature to 20 ± 0.1 . Equip a rotational
viscometer with an accessory.1 The shear rate under the test condition is NLT 1 s-1 and
NMT 100 s-1.
Equip a rotational rheometer1 following Method II. The shear rate under the test condition

is NLT 1 s 1 and NMT 100 s  1. Validations demonstrate that equivalent viscosity value is
also obtained using a rotational viscometer with a cylindrical spindle 1.9 cm in diameter
and 6.5 cm high, attached to a shaft 0.3 cm in diameter.2 The spindle rotates at 30 rpm
at an immersion depth of 8.15 cm (see Method I).

Follow the instrument manufacturer's directions to measure the apparent viscosity.
Acceptance criteria:  See Table 2.

Table 2
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 Viscosity
mPa·s

TypeMin. Max.
A 60 120
B 50 200
C 100 200

•  Loss on Drying 731

Analysis:  Dry at 110  for 6 h.
Acceptance criteria:  NMT 5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
•  Labeling: Label it to state whether it is Type A, B, or C. The labeling also indicates the

name and quantity of any added surface-active agent.

•  USP Reference Standards 11
USP Methacrylic Acid Copolymer, Type A RS
USP Methacrylic Acid Copolymer, Type B RS
USP Methacrylic Acid Copolymer, Type C RS

1 A suitable accessory is available from Brookfield Engineering as the LV1 spindle, a cylindrical spindle 1.9 cm
in diameter and 6.5 cm high attached to a shaft 0.3 cm in diameter. The spindle rotates at 30 rpm at an
immersion depth of 8.15 cm.

1
 A suitable rheometer is available from Physica Messtechnik GmbH as the Coaxial-Cylinder 27 or the Double-
Gap-Cylinder 26.7, or any other equivalent rheometer.

2

 A suitable spindle is available from Brookfield as an LV1 spindle, or the equivalent.

BRIEFING

Methacrylic Acid Copolymer Dispersion, NF 31 page 2089. On the basis of comments and
data received, it is proposed to make the following changes:

1. Correct the calculation formula in the Assay.
2. In the test for Limit of Monomers, increase the concentrations of the Standard solution

and Sample solution. Correspondingly, change the final volume of the Sample solution
and the dilution factor for preparation of the Sample solution in the calculation
formula. The percentage of total monomers is calculated based on the weight of the
Dispersion, not on the solid portion of the Dispersion, changed accordingly in the
calculation section.

3. Update the test for Rotational Rheometer Methods to include Method II. See the

Briefing under Rotational Rheometer Methods 912  elsewhere in this PF for the
change in chapter title. The proposed chapter title is “Viscosity—Rotational
Methods”.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.
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(EXC: H. Wang.)
Correspondence Number—C98010

Comment deadline: January 31, 2014
Methacrylic Acid Copolymer Dispersion

(Title for this monograph—not to change until May 1, 2017) 
(Prior to May 1, 2017, the current practice of labeling the article of commerce with the
name Methacrylic Acid Copolymer Dispersion may be continued. Use of the name
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion will be permitted as of May 1,
2012; but the use of this name will not be mandatory until May 1, 2017. The 60-month
extension will provide the time needed by manufacturers and users to make necessary
changes.)

DEFINITION

Methacrylic Acid Copolymer Dispersion is an aqueous dispersion of Methacrylic Acid and Ethyl
Acrylate Copolymer in water. It contains, on the basis of the calculated amount of dry
substance in the Dispersion, NLT 46.0% and NMT 50.6% of methacrylic acid units. It may
contain suitable surface-active agents.

IDENTIFICATION

•  A. Infrared Absorption 197K : Proceed as directed in the chapter, except use the
residue obtained in the test for Loss on Drying as the sample.

•  B. It meets the requirements in the Assay.

ASSAY

Change to read:
•  Procedure

Sample:  2.5 g of the Dispersion
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N sodium hydroxide VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 100 mL of neutralized acetone. Titrate the solution as
directed in Titrimetric system. Each mL of 0.1 N sodium hydroxide is equivalent to 8.609
mg of methacrylic acid (C4H6O2) units. 
Calculate, on the dried basis, the percentage of methacrylic acid units in the portion of
Dispersion taken:

Result = [V × N/W × (100  L)] × 860.9

Result = (V × N)/[W × (100  L)] × 860.9

V= volume of Titrant consumed (mL)
N= normality of the Titrant
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W= weight of Dispersion taken (g)
L= percentage of the Loss on Drying value for the Dispersion

Acceptance criteria:  46.0%–50.6% based on the calculated amount of dry substance in
the Dispersion

IMPURITIES

•  Residue on Ignition 281
Analysis:  Using mild heating conditions (e.g., steam bath, sand bath) to avoid loss of

material, evaporate the Dispersion to dryness prior to ignition.
Acceptance criteria:  NMT 0.2% residue is obtained, calculated on the undried Dispersion

basis.

•  Heavy Metals, Method II 231
Analysis:  Using mild heating conditions (e.g., steam bath, sand bath) to avoid loss of

material, evaporate the Dispersion to dryness prior to wetting with sulfuric acid and
ignition.

Acceptance criteria:  The color of the solution from the Test Preparation is not darker
than that of the solution from the Standard Preparation (20 µg/g).

Change to read:
•  Limit of Monomers

Mobile phase:  Add phosphoric acid dropwise to water to obtain a solution with a pH of
2.0. Prepare a mixture of this acidified water and methanol (80:20), and degas.

Sodium perchlorate solution:  Dissolve 3.5 g of sodium perchlorate in 100 mL of water.
This solution has a concentration of 0.25 M.

Standard solution:  Dissolve 0.01 g of methacrylic acid and 0.01 g of ethyl acrylate in 5 mL
of butanol, and add methanol to make exactly 100 mL. Transfer 1.0 mL of this solution to
a 100-mL volumetric flask, and dilute with methanol to volume. Mix 5.0
10.0

mL of this solution with 5.0 mL of Sodium perchlorate solution, accurately measured. This
solution contains about 0.5
0.67

µg/mL each of methacrylic acid and ethyl acrylate.
Sample solution:  Transfer a quantity of Dispersion, equivalent to 3 g of solids on the dried

basis, to a 50-mL volumetric flask, dilute with methanol to volume, and mix. Add 5
10.0

mL of this solution dropwise while continuously stirring into a beaker that contains 5.0 mL of
Sodium perchlorate solution, accurately measured. Remove the precipitated polymer by
centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear supernatant.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
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Sample:  Standard solution
[Note—The relative retention times for methacrylic acid and ethyl acrylate are 1.0 and

2.6, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between methacrylic acid and ethyl acrylate
Relative standard deviation:  NMT 5.0%, determined for each analyte

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each monomer in the solid portion
weight

of the Dispersion taken:

Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Sample
solution

rS= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Standard
solution

C= concentration of the monomer (methacrylic acid or ethyl acrylate) in the Standard
solution (µg/mL)

W= solid weight of the Dispersion, calculated on the dried basis,
weight of the Dispersion

taken to prepare the Sample solution (g)
VF= final volume of the Sample solution, 10

15
mL

D= dilution factor for preparation of the Sample solution, 10
5

F= conversion factor, 10−6 g/µg

Acceptance criteria:  NMT 0.01% of total monomers, based on the weight of the solid
portion of

the Dispersion taken

SPECIFIC TESTS
•  Coagulum Content

Analysis:  Weigh a stainless steel sieve having 90-µm openings or a suitable single-woven
wire cloth with a mesh width of 90 µm, and filter 100 g of the Dispersion through it. [Note
—Suitable single-woven wire cloth mesh meets the requirements set in ISO 9044.] Wash
the sieve or the cloth with distilled water until a clear filtrate is obtained, and dry the

sieve or the cloth to constant weight at 110 .
Acceptance criteria:  The weight of the residue does not exceed 1000 mg (1%).

•  Loss on Drying 731

Analysis:  Dry at 110  for 6 h.
Acceptance criteria:  68.5%–71.5%

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
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total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.

•  pH 791 : 2.0–3.0

Change to read:

•  Rotational Rheometer Methods 912

Viscosity—Rotational Methods, Method II 912
Analysis:  Equip a suitable rotational viscometer with an adapter comprising a cylindrical

spindle rotating within an accurately machined chamber (or tube).1 Mix the Dispersion,
pipet the volume of test specimen recommended by the instrument manufacturer into the

chamber (or tube), and ensure that the temperature of the test specimen is at 20 ± 0.1 .

The shear rate under the test condition is NLT 1 s 1 and NMT 100 s 1.2 Measure the
apparent viscosity following the instrument manufacturer's directions.

Acceptance criteria:  The viscosity is between 2 and 15 mPa·s.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

Protect from freezing.
•  Labeling: The label indicates the name and amount of any substance added as a surface-

active agent.

•  USP Reference Standards 11
USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS (USP Methacrylic Acid

Copolymer, Type C RS)

1  A commercial device is available from Brookfield as an ultra-low (UL) viscosity adapter. The adapter
comprises a 0.4-cm diameter shaft, an accurately machined chamber (or tube) with an internal diameter of 2.8
cm and a depth of 13.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm in height.

2  The cylindrical spindle rotates at 30 rpm,

which corresponds to a shear rate of approximately 37 s 1.

BRIEFING

Methacrylic Acid and Ethyl Acrylate Copolymer, NF 31 page 2091. On the basis of
comments and data received, it is proposed to make the following changes:

1. In the test for Limit of Methacrylic Acid and Ethyl Acrylate, increase the concentrations
of the Standard solution and Sample solution. Correspondingly, change the final
volume of the Sample solution and the dilution factor for preparation of the Sample
solution in the calculation formula.

2. Update the test for Rotational Rheometer Methods to include Method II and Method I,
and revise the texts for added clarity. See the Briefing under Rotational Rheometer

Methods 912  elsewhere in this PF for the change in chapter title. The proposed
chapter title is “Viscosity—Rotational Methods”.

3. USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS is the new name for USP
Methacrylic Acid Copolymer, Type C RS.

Additionally, minor editorial changes have been made to update the monograph to current USP
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style.

(EXC: H. Wang.)
Correspondence Number—C129996

Comment deadline: January 31, 2014
Methacrylic Acid and Ethyl Acrylate Copolymer

(Title for this new monograph—to become official December 1, 2015) 
(Prior to December 1, 2015, the current practice of labeling the article of commerce with
the name Methacrylic Acid Copolymer, Type C, may be continued. Use of the name
Methacrylic Acid and Ethyl Acrylate Copolymer will be permitted as of December 1, 2010,
but the use of this name will not be mandatory until December 1, 2015. The 60-month
extension will provide the time needed by manufacturers and users to make necessary
changes.)

Poly(methacrylic acid, ethyl acrylate);     
Methacrylic acid–ethyl acrylate copolymer     [25212-88-8].

DEFINITION

Methacrylic Acid and Ethyl Acrylate Copolymer consists of methacrylic acid and ethyl acrylate
monomers arranged in a random distribution. Methacrylic acid units in Methacrylic Acid and
Ethyl Acrylate Copolymer are NLT 46.0% and NMT 50.6%, calculated on the dried basis. It may
contain suitable surface-active agents.

IDENTIFICATION

•  A. Infrared Absorption 197K : Use USP Methacrylic Acid and Ethyl Acrylate Copolymer
(1:1) RS for Methacrylic Acid and Ethyl Acrylate Copolymer having a range of 46.0%–
50.6% for methacrylic acid units.

•  B. It meets the requirements of the Assay.

ASSAY
•  Procedure

Sample:  1 g, previously dried
Analysis:  Dissolve the Sample in 100 mL of neutralized acetone, and titrate with 0.1 N

sodium hydroxide VS, determining the endpoint potentiometrically (see Titrimetry 541
). Each mL of 0.1 N sodium hydroxide is equivalent to 8.609 mg of methacrylic acid
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(C4H6O2) units.
Acceptance criteria:  46.0%–50.6% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.4%

•  Heavy Metals, Method II 231 : NMT 20 µg/g

Change to read:
•  Limit of Methacrylic Acid and Ethyl Acrylate

Sodium perchlorate solution:  35 mg/mL of sodium perchlorate. This solution has a
concentration of 0.25 M.

Mobile phase:  Add phosphoric acid dropwise to water to obtain a solution with a pH of
2.0. Prepare a mixture of this acidified water and methanol (80:20), and degas.

Standard solution:  Dissolve 0.01 g of methacrylic acid and 0.01 g of ethyl acrylate in 5 mL
of butanol, and add methanol to exactly 100 mL. Transfer 1.0 mL of this solution to a 100-
mL volumetric flask. Dilute with methanol to volume. Mix 5.0
10.0

mL of this solution with 5.0 mL of Sodium perchlorate solution. This solution contains about
0.5
0.67

µg/mL each of methacrylic acid and ethyl acrylate.
Sample solution:  Transfer about 3 g of Methacrylic Acid and Ethyl Acrylate Copolymer to

a 50-mL volumetric flask, dilute with methanol to volume, and mix. Add 5
10.0

mL of this solution dropwise, while continuously stirring, to a beaker that contains 5.0 mL of
Sodium perchlorate solution. Remove the precipitated polymer to obtain a clear
supernatant by centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear
supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for methacrylic acid and ethyl acrylate are 1.0 and

2.6, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between methacrylic acid and ethyl acrylate
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each monomer (methacrylic acid or ethyl acrylate) in the
portion of Methacrylic Acid and Ethyl Acrylate Copolymer taken:

NF33

NF33

NF33

PF 39(6): Nov.-Dec. 2013 150



Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Sample
solution

rS= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Standard
solution

C= concentration of the monomer (methacrylic acid or ethyl acrylate) in the Standard
solution (µg/mL)

W= weight of Methacrylic Acid and Ethyl Acrylate Copolymer taken to prepare the Sample
solution (g)

VF= final volume of the Sample solution, 10
15

mL
D= dilution factor for preparation of the Sample solution, 10

5
F= conversion factor, 10−6 g/µg

Acceptance criteria:  NMT 0.01% for the total amount of monomers

SPECIFIC TESTS

Change to read:

•  Rotational Rheometer Methods 912

Viscosity—Rotational Methods 912
Analysis:  Place 254.6 g of isopropyl alcohol and 7.9 g of water in a test flask. Add a

quantity of Methacrylic Acid and Ethyl Acrylate Copolymer, equivalent to 37.5 g of solids
on the dried basis, while stirring by means of a magnetic stirrer. Close the flask, and
continue stirring until the polymer has dissolved completely. Adjust the temperature to 20

± 0.1 . Equip a rotational viscometer with an accessory.1 The shear rate under the test

condition is NLT 1 s 1 and NMT 100 s  1.
Equip a rotational rheometer1 following Method II. The shear rate under the test condition

is NLT 1 s 1 and NMT 100 s  1. Validations demonstrate that equivalent viscosity value is
also obtained using a rotational viscometer with a cylindrical spindle 1.9 cm in diameter
and 6.5 cm high, attached to a shaft 0.3 cm in diameter.2 The spindle rotates at 30 rpm
at an immersion depth of 8.15 cm (see Method I).

Follow the instrument manufacturer's directions to measure the apparent viscosity.
Acceptance criteria:  100–200 mPa·s, for Methacrylic Acid and Ethyl Acrylate Copolymer

with a range of 46.0%–50.6% for methacrylic acid units

•  Loss on Drying 731

Analysis:  Dry at 110  for 6 h.
Acceptance criteria:  NMT 5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.
•  Labeling: Label it to indicate the range of methacrylic acid units. The labeling also indicates
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the name and quantity of any added surface-active agent.

Change to read:

•  USP Reference Standards 11
USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS
(USP Methacrylic Acid Copolymer, Type C RS)

USP Methacrylic Acid Copolymer, Type C RS.

1 A suitable accessory is available from Brookfield Engineering as the LV1 spindle, a cylindrical spindle 1.9 cm
in diameter and 6.5 cm high attached to a shaft 0.3 cm in diameter. The spindle rotates at 30 rpm at an
immersion depth of 8.15 cm.

1
 A suitable rheometer is available from Physica Messtechnik GmbH as the Coaxial-Cylinder 27 or the Double-
Gap-Cylinder 26.7, or any other equivalent rheometer.

2

 A suitable spindle is available from Brookfield as an LV1 spindle, or the equivalent.

BRIEFING

Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion, NF 31 page 2090. On the basis
of comments and data received, it is proposed to make the following changes:

1. Correct the calculation formula in the Assay.
2. In the test for Limit of Monomers, increase the concentrations of the Standard solution

and Sample solution. Correspondingly, change the final volume of the Sample solution
and the dilution factor for preparation of the Sample solution in the calculation
formula. The percentage of total monomers is calculated based on the weight of the
Dispersion, not on the solid portion of the Dispersion, changed accordingly in the
calculation section.

3. Update the test for Rotational Rheometer Methods to include Method II. See the

Briefing under Rotational Rheometer Methods 912  appearing elsewhere in this PF
for the change in chapter title. The proposed chapter title is “Viscosity—Rotational
Methods”.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(EXC: H. Wang.)
Correspondence Number—C98010

Comment deadline: January 31, 2014
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion

(Title for this monograph—to become official May 1, 2017) 
(Prior to May 1, 2017, the current practice of labeling the article of commerce with the
name Methacrylic Acid Copolymer Dispersion may be continued. Use of the name
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion will be permitted as of May 1,
2012; but the use of this name will not be mandatory until May 1, 2017. The 60-month
extension will provide the time needed by manufacturers and users to make necessary
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changes.)

DEFINITION

Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion is an aqueous dispersion of
Methacrylic Acid and Ethyl Acrylate Copolymer. It contains, on the basis of the calculated
amount of dry substance in the Dispersion, NLT 46.0% and NMT 50.6% of methacrylic acid
units. It may contain suitable surface-active agents.

IDENTIFICATION

•  A. Infrared Absorption 197K : Proceed as directed in the chapter, except use the
residue obtained in the test for Loss on Drying as the sample.

•  B. It meets the requirements in the Assay.

ASSAY

Change to read:
•  Procedure

Sample:  2.5 g of the Dispersion
Titrimetric system  

(See Titrimetry 541 .)
Mode:  Direct titration
Titrant:  0.1 N sodium hydroxide VS
Endpoint detection:  Potentiometric

Analysis:  Dissolve the Sample in 100 mL of neutralized acetone. Titrate the solution as
directed in Titrimetric system. Each mL of 0.1 N sodium hydroxide is equivalent to 8.609
mg of methacrylic acid (C4H6O2) units. 
Calculate, on the dried basis, the percentage of methacrylic acid units in the portion of
Dispersion taken:

Result = [V × N/W × (100  L)] × 860.9

Result = (V × N)/[W × (100  L)] × 860.9

V= volume of Titrant consumed (mL)
N= normality of the Titrant
W= weight of Dispersion taken (g)
L= percentage of the Loss on Drying value for the Dispersion

Acceptance criteria:  46.0%–50.6% based on the calculated amount of dry substance in
the Dispersion

IMPURITIES

•  Residue on Ignition 281
Analysis:  Using mild heating conditions (e.g., steam bath, sand bath) to avoid loss of

material, evaporate the Dispersion to dryness prior to ignition.
Acceptance criteria:  NMT 0.2% residue is obtained, calculated on the undried Dispersion
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basis.

•  Heavy Metals, Method II 231
Analysis:  Using mild heating conditions (e.g., steam bath, sand bath) to avoid loss of

material, evaporate the Dispersion to dryness prior to wetting with sulfuric acid and
ignition.

Acceptance criteria:  The color of the solution from the Test Preparation is not darker
than that of the solution from the Standard Preparation (20 µg/g).

Change to read:
•  Limit of Monomers

Mobile phase:  Add phosphoric acid dropwise to water to obtain a solution with a pH of
2.0. Prepare a mixture of this acidified water and methanol (80:20), and degas.

Sodium perchlorate solution:  Dissolve 3.5 g of sodium perchlorate in 100 mL of water.
This solution has a concentration of 0.25 M.

Standard solution:  Dissolve 0.01 g of methacrylic acid and 0.01 g of ethyl acrylate in 5 mL
of butanol, and add methanol to make exactly 100 mL. Transfer 1.0 mL of this solution to
a 100-mL volumetric flask, and dilute with methanol to volume. Mix 5.0
10.0

mL of this solution with 5.0 mL of Sodium perchlorate solution, accurately measured. This
solution contains about 0.5
0.67

µg/mL each of methacrylic acid and ethyl acrylate.
Sample solution:  Transfer a quantity of Dispersion, equivalent to 3 g of solids on the dried

basis, to a 50-mL volumetric flask, dilute with methanol to volume, and mix. Add 5
10.0

mL of this solution dropwise while continuously stirring into a beaker that contains 5.0 mL of
Sodium perchlorate solution, accurately measured. Remove the precipitated polymer by
centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear supernatant.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for methacrylic acid and ethyl acrylate are 1.0 and

2.6, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between methacrylic acid and ethyl acrylate
Relative standard deviation:  NMT 5.0%, determined for each analyte

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each monomer in the solid portion
weight

of the Dispersion taken:
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Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Sample
solution

rS= peak response of the monomer (methacrylic acid or ethyl acrylate) from the Standard
solution

C= concentration of the monomer (methacrylic acid or ethyl acrylate) in the Standard
solution (µg/mL)

W= solid weight of the Dispersion, calculated on the dried basis,
weight of the Dispersion

taken to prepare the Sample solution (g)
VF= final volume of the Sample solution, 10

15
mL

D= dilution factor for preparation of the Sample solution, 10
5

F= conversion factor, 10−6 g/µg

Acceptance criteria:  NMT 0.01% of total monomers, based on the weight of the solid
portion of

the Dispersion taken

SPECIFIC TESTS
•  Coagulum Content

Analysis:  Weigh a stainless steel sieve having 90-µm openings or a suitable single-woven
wire cloth with a mesh width of 90 µm, and filter 100 g of the Dispersion through it. [Note
—Suitable single-woven wire cloth mesh meets the requirements set in ISO 9044.] Wash
the sieve or the cloth with distilled water until a clear filtrate is obtained, and dry the

sieve or the cloth to constant weight at 110 .
Acceptance criteria:  The weight of the residue does not exceed 1000 mg (1%).

•  Loss on Drying 731

Analysis:  Dry at 110  for 6 h.
Acceptance criteria:   68.5%–71.5%

•  Microbial Enumeration Tests 61  and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.

•  pH 791 : 2.0–3.0

Change to read:

•  Rotational Rheometer Methods 912

Viscosity—Rotational Methods, Method II 912
Analysis:  Equip a suitable rotational viscometer with an adapter comprising a cylindrical

spindle rotating within an accurately machined chamber (or tube).1 Mix the Dispersion,
pipet the volume of test specimen recommended by the instrument manufacturer into the

chamber (or tube), and ensure that the temperature of the test specimen is at 20 ± 0.1 .
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The shear rate under the test condition is NLT 1 s 1 and NMT 100 s 1.2 Measure the
apparent viscosity following the instrument manufacturer's directions.

Acceptance criteria:  The viscosity is between 2 and 15 mPa·s.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

Protect from freezing.
•  Labeling: The label indicates the name and amount of any substance added as a surface-

active agent.

•  USP Reference Standards 11
USP Methacrylic Acid and Ethyl Acrylate Copolymer (1:1) RS (USP Methacrylic Acid

Copolymer, Type C RS)

1  A commercial device is available from Brookfield as an ultra-low (UL) viscosity adapter. The adapter
comprises a 0.4-cm diameter shaft, an accurately machined chamber (or tube) with an internal diameter of 2.8
cm and a depth of 13.5 cm, and a cylindrical spindle 2.5 cm in diameter and 9.1 cm in height.

2  The cylindrical spindle rotates at 30 rpm,

which corresponds to a shear rate of approximately 37 s 1.

BRIEFING

Methacrylic Acid and Methyl Methacrylate Copolymer, NF 31 page 2093. On the basis of
comments and data received, it is proposed to make the following changes:

1. In the test for Limit of Methacrylic Acid and Methyl Methacrylate, add a note for
preparation of the Standard solution and Sample solution.

2. Update the test for Rotational Rheometer Methods to include Method II and Method I,
and revise the texts for added clarity. See the Briefing under Rotational Rheometer

Methods 912  elsewhere in this PF for the change in chapter title. The proposed
chapter title is “Viscosity—Rotational Methods”.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(EXC: H. Wang.)
Correspondence Number—C129995

Comment deadline: January 31, 2014
Methacrylic Acid and Methyl Methacrylate Copolymer

(Title for this new monograph—to become official December 1, 2015) 
(Prior to December 1, 2015, the current practice of labeling the article of commerce with
the name Methacrylic Acid Copolymer, Type A or Type B, whichever is appropriate, may
be continued. Use of the name Methacrylic Acid and Methyl Methacrylate Copolymer will
be permitted as of December 1, 2010, but the use of this name will not be mandatory
until December 1, 2015. The 60-month extension will provide the time needed by
manufacturers and users to make necessary changes.)
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(Ratio of H to CH3 is either 1:1 or 1:2)     
Poly(methacrylic acid, methyl methacrylate);     
Methacrylic acid–methyl methacrylate copolymer     [25086-15-1].

DEFINITION

Methacrylic Acid and Methyl Methacrylate Copolymer consists of methacrylic acid and methyl
methacrylate monomers arranged in a random distribution. Methacrylic acid units in Methacrylic
Acid and Methyl Methacrylate Copolymer are NLT 27.6% and NMT 50.6%, calculated on the
dried basis. It may contain suitable surface-active agents.

IDENTIFICATION

•  A. Infrared Absorption 197K  
Use USP Methacrylic Acid and Methyl Methacrylate Copolymer (1:1) RS for Methacrylic
Acid and Methyl Methacrylate Copolymer, with a range of 46.0%–50.6% for methacrylic
acid units. 
Use USP Methacrylic Acid and Methyl Methacrylate Copolymer (1:2) RS for Methacrylic
Acid and Methyl Methacrylate Copolymer, with a range of 27.6%–30.7% for methacrylic
acid units.

•  B. It meets the requirements of the Assay.

ASSAY
•  Procedure

Sample:  1 g, previously dried
Analysis:  Dissolve the Sample in 100 mL of neutralized acetone, and titrate with 0.1 N

sodium hydroxide VS, determining the endpoint potentiometrically (see Titrimetry 541
). Each mL of 0.1 N sodium hydroxide is equivalent to 8.609 mg of methacrylic acid
(C4H6O2) units.

Acceptance criteria 
Methacrylic acid and methyl methacrylate copolymer (1:2):  27.6%–30.7% on the

dried basis
Methacrylic acid and methyl methacrylate copolymer (1:1):  46.0%–50.6% on the

dried basis

IMPURITIES
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•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 µg/g

Change to read:
•  Limit of Methacrylic Acid and Methyl Methacrylate

Phosphate buffer:  Prepare an aqueous solution containing 17.8 g/L of anhydrous dibasic
sodium phosphate and 17.0 g/L of monobasic potassium phosphate. Adjust with
phosphoric acid to a pH of 2.0. This buffer has a concentration of 0.125 M.

Mobile phase:  Add phosphoric acid dropwise to water to obtain a solution with a pH of
2.0. Prepare a mixture of this acidified water and methanol (80:20), and degas.

Standard solution:  Dissolve 0.05 g of methacrylic acid and 0.05 g of methyl methacrylate
in 5 mL of butanol, and add methanol to exactly 100 mL. Transfer 1.0 mL of this solution
to a 100-mL volumetric flask. Dilute with methanol to volume. Mix 3.0 mL of this solution
with 10.0 mL of Phosphate buffer. This solution contains 1.15 µg/mL each of methacrylic
acid and methyl methacrylate.
 [Note—Due to volatility of monomers, tightly closed vials should be used.]

Sample solution:  Transfer 1 g of Methacrylic Acid and Methyl Methacrylate Copolymer to
a 50-mL volumetric flask, dilute with methanol to volume, and mix. Add 3 mL of this
solution dropwise, while continuously stirring, to a beaker that contains 10.0 mL of
Phosphate buffer. Remove the precipitated polymer to obtain a clear supernatant by
centrifugation (e.g., NLT 5000 × g for NLT 5 min). Use the clear supernatant.
 [Note—Due to volatility of monomers, tightly closed vials should be used.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 202 nm
Column:  4.0-mm × 12.5-cm; 7-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for methacrylic acid and methyl methacrylate are 1.0

and 2.8, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between methacrylic acid and methyl methacrylate
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each monomer (methacrylic acid or methyl methacrylate) in
the portion of Methacrylic Acid and Methyl Methacrylate Copolymer taken:

Result = (rU/rS) × (C/W) × VF × D × F × 100

rU= peak response of the monomer (methacrylic acid or methyl methacrylate) from the
Sample solution

rS= peak response of the monomer (methacrylic acid or methyl methacrylate) from the
Standard solution

NF33

NF33
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C= concentration of the monomer (methacrylic acid or methyl methacrylate) in the
Standard solution (µg/mL)

W= weight of Methacrylic Acid and Methyl Methacrylate Copolymer taken to prepare the
Sample solution (g)

VF= final volume of the Sample solution, 13 mL
D= dilution factor for preparation of the Sample solution, 16.7
F= conversion factor, 10−6 g/µg

Acceptance criteria:  NMT 0.05% for the total amount of monomers

SPECIFIC TESTS

Change to read:

•  Rotational Rheometer Methods 912

Viscosity—Rotational Methods 912  
Analysis:  Place 254.6 g of isopropyl alcohol and 7.9 g of water in a test flask. Add a

quantity of Methacrylic Acid and Methyl Methacrylate Copolymer, equivalent to 37.5 g of
solids on the dried basis, while stirring by means of a magnetic stirrer. Close the flask, and
continue stirring until the polymer has dissolved completely. Adjust the temperature to 20

± 0.1 . Equip a rotational viscometer with an accessory.1 The shear rate under the test

condition is NLT 1 s 1 and NMT 100 s 1.
Equip a rotational rheometer1 following Method II. The shear rate under the test condition

is NLT 1 s 1 and NMT 100 s  1. Validations demonstrate that an equivalent viscosity
value is also obtained using a rotational viscometer with a cylindrical spindle 1.9 cm in
diameter and 6.5 cm high, attached to a shaft 0.3 cm in diameter.2 The spindle rotates at
30 rpm at an immersion depth of 8.15 cm (see Method I).

Follow the instrument manufacturer's directions to measure the apparent viscosity.
Acceptance criteria 

Methacrylic acid and methyl methacrylate copolymer, with a range of 46.0%–
50.6% for methacrylic acid units:  60–120 mPa·s

Methacrylic acid and methyl methacrylate copolymer, with a range of 27.6%–
30.7% for methacrylic acid units:  50–200 mPa·s

•  Loss on Drying 731

Analysis:  Dry at 110  for 6 h.
Acceptance criteria:  NMT 5.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.
•  Labeling: Label it to indicate the range of methacrylic acid units. The labeling also indicates

the name and quantity of any added surface-active agent.

•  USP Reference Standards 11
USP Methacrylic Acid and Methyl Methacrylate Copolymer (1:1) RS (USP Methacrylic Acid

Copolymer, Type A RS)
USP Methacrylic Acid and Methyl Methacrylate Copolymer (1:2) RS (USP Methacrylic Acid

NF33

NF33

PF 39(6): Nov.-Dec. 2013 159



Copolymer, Type B RS)

1 A suitable accessory is available from Brookfield Engineering as the LV1 spindle, a cylindrical spindle 1.9 cm
in diameter and 6.5 cm high attached to a shaft 0.3 cm in diameter. The spindle rotates at 30 rpm at an
immersion depth of 8.15 cm.

1
 A suitable rheometer is available from Physica Messtechnik GmbH as the Coaxial-Cylinder 27 or the Double-
Gap-Cylinder 26.7, or any other equivalent rheometer.

2

 A suitable spindle is available from Brookfield as an LV1 spindle, or the equivalent.

BRIEFING

Polyethylene Glycol, NF 31 page 2139. See the Briefing under Polyethylene Glycol 3350
appearing elsewhere in this issue of PF. The current monograph covers nominal average
molecular weights ranging from 200 to 8000 that include Polyethylene Glycol 3350. It is
proposed to develop a separate USP monograph for Polyethylene Glycol 3350 to reflect its
use as an active drug substance. The newly proposed Polyethylene Glycol 3350 monograph,
which covers Polyethylene Glycol with a nominal average molecular weight of 3350, will be
listed as a cross reference in the NF section of USP to reflect its use as both an active and
inactive ingredient. The Viscosity—Capillary Viscometer Methods test of this monograph is
revised to remove Polyethylene Glycol 3350.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(EXC: K. Moore.)
Correspondence Number—C137256

Comment deadline: January 31, 2014
Polyethylene Glycol

Poly(oxy-1,2-ethanediyl), -hydro- -hydroxy-;     
Polyethylene glycol     [25322-68-3].

DEFINITION

Polyethylene Glycol is an addition polymer of ethylene oxide and water, represented:

H(OCH2CH2)nOH

NF33

NF33

NF33
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in which n represents the average number of oxyethylene groups. The average molecular
weight is NLT 95.0% and NMT 105.0% of the labeled nominal value if the labeled nominal value
is less than 1000; it is NLT 90.0% and NMT 110.0% of the labeled nominal value if the labeled
nominal value is between 1000 and 7000; and it is NLT 87.5% and NMT 112.5% of the labeled
nominal value if the labeled nominal value is more than 7000. It may contain a suitable
antioxidant.

ASSAY
•  Average Molecular Weight

Phthalic anhydride solution:  Place 49.0 g of phthalic anhydride into an amber bottle, and
dissolve in 300 mL of pyridine from a freshly opened bottle or pyridine that has been
freshly distilled over phthalic anhydride. Shake vigorously until completely dissolved. Add 7
g of imidazole, swirl carefully to dissolve, and allow to stand for 16 h before using.

Sample solution for liquid polyethylene glycols:  Carefully introduce 25.0 mL of the
Phthalic anhydride solution into a dry, heat-resistant pressure bottle. Add an amount of
the specimen equivalent to its expected average molecular weight divided by 160. Insert
the stopper in the bottle, and wrap it securely in a cloth bag.

Sample solution for solid polyethylene glycols:  Carefully introduce 25.0 mL of Phthalic
anhydride solution into a dry, heat-resistant pressure bottle. Add an amount of the
specimen equivalent to its expected molecular weight divided by 160; however, because
of limited solubility, do not use more than 25 g. Add 25 mL of pyridine, from a freshly
opened bottle or pyridine that has been freshly distilled over phthalic anhydride. Swirl to
dissolve, insert the stopper in the bottle, and wrap it securely in a cloth bag.

Blank:  25.0 mL of Phthalic anhydride solution plus any additional pyridine added to the
bottle

Analysis:  Immerse the bottle in a water bath maintained at a temperature between 96

and 100 , to the same depth as that of the mixture in the bottle. Remove the bottles from
the bath after 5 min and, without unwrapping, swirl for 30 s to homogenize. Heat in the
water bath for 30 min (60 min for polyethylene glycols having molecular weights of 3000 or
more), then remove from the bath, and allow to cool to room temperature. Uncap the
bottle carefully to release any pressure, remove from the bag, add 10 mL of water, and
swirl thoroughly. Wait 2 min, add 0.5 mL of a solution of phenolphthalein in pyridine (1 in
100), and titrate with 0.5 N sodium hydroxide VS to the first pink color that persists for 15
s. Perform a blank determination. 
Calculate the average molecular weight taken:

Result = (2000 × W)/[(VB  VS) × N]

W= weight of Polyethylene Glycol taken for the Sample solution (g)
VB= volume of 0.5 N sodium hydroxide consumed by the Blank (mL)
VS= volume of 0.5 N sodium hydroxide consumed by the specimen (mL)
N= normality of the sodium hydroxide solution

Acceptance criteria:  See Table 1.

Table 1
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Label Claim
(Nominal Value)

Acceptance Criteria
(%)

<1000 95.0–105.0
1000–7000 90.0–110.0

>7000 87.5–112.5

IMPURITIES

•  Residue on Ignition 281
Sample:  25 g
Analysis:  Proceed as directed, using a platinum dish, and moistening the residue with 2 mL

of sulfuric acid.
Acceptance criteria:  NMT 0.1%

•  Heavy Metals 231
Test preparation:  4.0 g in 5.0 mL of 0.1 N hydrochloric acid. Dilute with water to 25 mL.
Acceptance criteria:  NMT 5 ppm

•  Limit of Free Ethylene Oxide and 1,4-Dioxane
Stripped polyethylene glycol 400:  Into a 5000-mL, 3-neck, round-bottom flask equipped

with a stirrer, a gas dispersion tube, and a vacuum outlet, place 3000 g of polyethylene
glycol 400. At room temperature, evacuate the flask carefully to a pressure of less than 1
mm of mercury, applying the vacuum slowly while observing for excessive foaming due to
entrapped gases. After any foaming has subsided and while stirring continuously, sparge
with nitrogen, allowing the pressure to rise to 10 mm of mercury. Continue stripping for a
minimum of 1 h. Completeness of the stripping procedure should be verified by making a
headspace injection of the stripped polyethylene glycol 400. [Note—The 10-mm value is a
guideline. Deviations from this value affect only the total time required to strip
polyethylene glycol 400.] 
Shut off the vacuum pump, and bring the flask pressure back to atmospheric pressure
while maintaining nitrogen sparging. Remove the gas dispersion tube with the gas still
flowing, then turn off the gas flow. Transfer Stripped polyethylene glycol 400 to a suitable
nitrogen-filled container.

Standard solution:  Transfer 4.90 g of Stripped polyethylene glycol 400 to a tared 22-mL
pressure headspace vial that can be sealed. Add 48 µL of 1,4-dioxane, equivalent to 50
mg of 1,4-dioxane, from a syringe; seal; and cap the vial. [Caution—Ethylene oxide and
1,4-dioxane are toxic and flammable. Prepare these solutions in a well-ventilated fume
hood.] 
Using the special handling described in the following, complete the preparation. Ethylene
oxide is a gas at room temperature. It is usually stored in a lecture-type gas cylinder or
small metal pressure bomb. Chill the cylinder in a refrigerator before use. Transfer 5 mL of
the liquid ethylene oxide to a 100-mL beaker chilled in wet ice. Using a gas-tight syringe
that has been chilled in a refrigerator, transfer 57 µL of the liquid ethylene oxide,
equivalent to 50 mg of ethylene oxide, to the mixture contained in the headspace vial,
and mix. With the aid of a syringe, transfer 2 mL of this solution to a 5-mL beaker.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, and dilute with Stripped
polyethylene glycol 400 to volume. Transfer 10 mL of this solution to a 100-mL volumetric
flask, dilute with Stripped polyethylene glycol 400 to volume, and mix to obtain a Standard
solution having known concentrations of 10 µg/g for both ethylene oxide and 1,4-dioxane.
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Transfer 1.0 mL of the Standard solution to a 22-mL pressure headspace vial, seal with a
silicone septum with or without a pressure relief star spring and a pressure relief safety
aluminum sealing cap, and crimp the cap closed with a cap-sealing tool.

System suitability solution:  Transfer 4.90 g of Stripped polyethylene glycol 400 to a 22-
mL pressure headspace vial. Pipet 50 µL of acetaldehyde into the vial. Using the special
handling described in the Standard solution, transfer 50.0 µL of liquid ethylene oxide into
the vial. Immediately seal the vial, and shake. Transfer 1.0 mL of this solution to a 100-mL
volumetric flask, and dilute with Stripped polyethylene glycol 400 to volume. Transfer 10.0
mL of this solution to a 100-mL volumetric flask, and dilute with Stripped polyethylene
glycol 400 to volume. Transfer 1.0 mL of the System suitability solution to a 22-mL
pressure headspace vial. Seal, cap, and crimp as directed for the Standard solution.

Sample solution:  Transfer 1.0 g of Polyethylene Glycol to a 22-mL pressure headspace
vial. Seal, cap, and crimp as directed in the Standard solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  Headspace GC (balanced pressure automatic headspace sampler)
Detector:  Flame ionization
Column:  0.32-mm × 50-m fused-silica capillary; bonded with 5-µm film of phase G27
Temperatures 

Injection port:  85

Detector:  250
Column:  See Table 2.

Table 2

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at Final
Temperature

(min)

70 10 250 —
Carrier gas:  Helium
Flow rate:  2.9 mL/min
Injection volume:  1.0 mL of headspace using a 2-mL gas syringe preheated in an oven

at 90
System suitability 

Sample:  System suitability solution
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.9

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.3 between the acetaldehyde and ethylene oxide peaks
Analysis 

Samples:  Standard solution and Sample solution
[Note—The relative retention times for ethylene oxide and 1,4-dioxane are about 1.0 and

3.4, respectively.]

Place the vials containing the Standard solution and the Sample solution into the

automated sampler, and heat the vials at a temperature of 80  for 30 min.
[Note—A headspace apparatus that automatically transfers the measured amount of
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headspace may be used to perform the injection.]
Acceptance criteria:  The peak areas for ethylene oxide and 1,4-dioxane of the Sample

solution are NMT those of the corresponding peaks of the Standard solution corresponding
to NMT 10 µg/g of ethylene oxide and NMT 10 µg/g of 1,4-dioxane.

•  Limit of Ethylene Glycol and Diethylene Glycol (for Polyethylene Glycol having a nominal
molecular weight less than 450)

Standard solution:  0.5 mg/mL each of ethylene glycol and diethylene glycol in water
Sample solution:  400 mg/mL of Polyethylene Glycol in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  3-mm × 1.5-m stainless steel; packing of 12% G13 on support S1NS
Temperatures 

Injection port:  250

Detector:  280

Column:  140
Carrier gas:  Nitrogen or another suitable inert gas
Flow rate:  50 mL/min
Injection volume:  2.0 µL

Analysis 
Samples:  Standard solution and Sample solution
[Note—The elution order is ethylene glycol followed by diethylene glycol.]

Calculate the percentage of ethylene glycol in the portion of Polyethylene Glycol taken:

Result = (rU1/rS1) × (CS1/CU) × 100

rU1= peak height of ethylene glycol from the Sample solution
rS1= peak height of ethylene glycol from the Standard solution
CS1= concentration of ethylene glycol in the Standard solution (mg/mL)
CU= concentration of Polyethylene Glycol in the Sample solution (mg/mL)

Calculate the percentage of diethylene glycol in the portion of Polyethylene Glycol taken:

Result = (rU2/rS2) × (CS2/CU) × 100

rU2= peak height of diethylene glycol from the Sample solution
rS2= peak height of diethylene glycol from the Standard solution
CS2= concentration of diethylene glycol in the Standard solution (mg/mL)
CU= concentration of Polyethylene Glycol in the Sample solution (mg/mL)

Acceptance criteria:  NMT 0.25% of the sum of ethylene glycol and diethylene glycol
•  Limit of Ethylene Glycol and Diethylene Glycol (for Polyethylene Glycol having a nominal

molecular weight of 450 or more but NMT 1000)
Ceric ammonium nitrate solution:  6.25 g of ceric ammonium nitrate in 100 mL of 0.25 N

nitric acid. Use within 3 days.
Standard stock solution:  2.5 mg/mL of diethylene glycol in freshly distilled acetonitrile and
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water (1:1)
Standard solution:  Add 10.0 mL of the Standard stock solution to 15.0 mL of Ceric

ammonium nitrate solution. Within 2–5 min, determine the absorbance of the Standard
solution.

Sample stock solution:  Dissolve 50.0 g of Polyethylene Glycol in 75 mL of diphenyl ether,
previously warmed if necessary, just to melt the crystals, in a 250-mL distilling flask.
Slowly distill at a pressure of 1–2 mm of mercury into a receiver graduated to 100 mL in 1-
mL subdivisions, until 25 mL of distillate has been collected. Add 20.0 mL of water to the
distillate, shake vigorously, and allow the layers to separate. Cool in an ice bath to solidify
the diphenyl ether and facilitate its removal. Filter the separated aqueous layer, wash the
diphenyl ether with 5.0 mL of ice-cold water, pass the washings through the filter, and
collect the filtrate and washings in a 25-mL volumetric flask. Warm to room temperature,
and dilute with water to volume, if necessary. Mix this solution with 25.0 mL of freshly
distilled acetonitrile in a glass-stoppered, 125-mL conical flask.

Sample solution:  Add 10.0 mL of the Sample stock solution to 15.0 mL of Ceric
ammonium nitrate solution. Within 2–5 min, determine the absorbance of the Sample
solution.

Blank:  Mixture of 15.0 mL of Ceric ammonium nitrate solution and 10.0 mL of freshly
distilled acetonitrile and water (1:1)

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Cell:  1 cm
Analytical wavelength:  450 nm

Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria:  The absorbance of the Sample solution does not exceed that of the
Standard solution, corresponding to NMT 0.25% of combined ethylene glycol and
diethylene glycol.

SPECIFIC TESTS

•  pH 791
Sample solution:  5.0 g of Polyethylene Glycol in 100 mL of carbon dioxide-free water. Add

0.30 mL of saturated potassium chloride solution.
Acceptance criteria:  4.5–7.5

•  Completeness and Color of Solution: A solution of 5 g of Polyethylene Glycol in 50 mL of
water is colorless; it is clear for liquid grades and NMT slightly hazy for solid grades.

Change to read:

•  Viscosity—Capillary Viscometer Methods 911 : Determine the viscosity by using a
capillary viscometer giving a flow time of NLT 200 s and using a liquid bath maintained at

98.9 ± 0.3  (210  F). The viscosity is within the limits specified in Table 3. For a
polyethylene glycol not listed in the table, calculate the limits by interpolation.

Table 3
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Nominal
Average

Molecular
Weight

Viscosity Range,
Centistokes

Nominal
Average

Molecular
Weight

Viscosity
Range,

Centistokes

200 3.9–4.8 2400 49–65
300 5.4–6.4 2500 51–70
400 6.8–8.0 2600 54–74
500 8.3–9.6 2700 57–78
600 9.9–11.3 2800 60–83
700 11.5–13.0 2900 64–88
800 12.5–14.5 3000 67–93
900 15.0–17.0 3250 73–105

1000 16.0–19.0
3350 76 –110

1100 18.0–22.0 3500 87–123
1200 20.0–24.5 3750 99–140
1300 22.0–27.5 4000 110–158
1400 24–30 4250 123–177
1450 25–32 4500 140–200
1500 26–33 4750 155–228
1600 28–36 5000 170–250
1700 31–39 5500 206–315
1800 33–42 6000 250–390
1900 35–45 6500 295–480
2000 38–49 7000 350–590
2100 40–53 7500 405–735
2200 43–56 8000 470–900
2300 46–60 — —

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Label it to state, as part of the official title, the average nominal molecular weight

of the Polyethylene Glycol. Label it to indicate the name and quantity of any added
antioxidant.

BRIEFING

Alfentanil Hydrochloride, USP 36 page 2365. As part of the USP monograph modernization
effort, it is proposed to replace the Assay titration method that utilizes mercuric acetate
with a stability indicating HPLC procedure. This HPLC procedure is based on the test for
Organic Impurities where the analysis was performed using the Phenomenex Luna C18(2)
brand of L1 column. The typical retention time for alfentanil is about 8 min. It is also
proposed to add an Identification test based on the retention time agreement from the
proposed HPLC method for the Assay.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

NF33 NF33
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(SM2: R.-H. Yeh.)
Correspondence Number—C127791

Comment deadline: January 31, 2014
Alfentanil Hydrochloride

Change to read:

C21H32N6O3·HCl·H2O       470.99 
C21H32N6O3·HCI       452.98

Propanamide, N-[1-[2-(4-ethyl-4,5-dihydro-5-oxo-1H-tetrazol-1-yl)ethyl]-4-(methoxymethyl)-
4-piperidinyl]-N-phenyl, monohydrochloride, monohydrate;     
N-[1-[2-(4-Ethyl-5-oxo-2-tetrazolin-1-yl)-ethyl]-4-(methoxymethyl)-4-piperidyl]propionanilide
monohydrochloride monohydrate     [70879-28-6].
Anhydrous

     [69049-06-5].

DEFINITION

Alfentanil Hydrochloride contains NLT 98.0% and NMT 102.0% of alfentanil hydrochloride
(C21H32N6O3·HCl), calculated on the anhydrous basis.
[Caution—Handle Alfentanil Hydrochloride with great care because it is a potent opioid
analgesic. Great care should be taken to prevent inhaling particles of Alfentanil Hydrochloride
and exposing the skin to it.]

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  350 mg
Titrimetric system 

USP38

USP38

USP38
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Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Visual
Analysis:  Dissolve the Sample in 30 mL of glacial acetic acid. Add 3 mL of mercuric

acetate TS and 3 drops of p-naphtholbenzein TS, and titrate with Titrant to a green
endpoint. Perform a blank determination, and make any necessary correction. Each mL of
Titrant is equivalent to 45.298 mg of alfentanil hydrochloride (C21H32N6O3·HCl).
Mobile phase:  Acetonitrile and 0.01 M tetrabutylammonium hydrogen sulfate (14:86)
Standard solution:  0.54 mg/mL of USP Alfentanil Hydrochloride RS in Mobile phase
Sample solution:  0.54 mg/mL of Alfentanil Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.0-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5400 theoretical plates
Tailing factor:  NMT 1.3
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of alfentanil hydrochloride (C21H32N6O3·HCl) in the portion
of Alfentanil Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Alfentanil Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Alfentanil Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities

Mobile phase:  Acetonitrile and 0.01 M tetrabutylammonium hydrogen sulfate (14:86)
Standard solution:  0.54 mg/mL of USP Alfentanil Hydrochloride RS in Mobile phase
Sample solution:  0.54 mg/mL of Alfentanil Hydrochloride in Mobile phase
Chromatographic system  

USP38
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(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 235 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  25 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 5400 theoretical plates
Tailing factor:  NMT 1.3
Relative standard deviation:  NMT 1.0%
0.73%

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Alfentanil Hydrochloride taken:

Result = (rU/rT) × 100

rU= peak response for each impurity
rT= sum of all the peak responses

Acceptance criteria 
Any single impurity:  NMT 0.5%
Total impurities:  NMT 1.0%

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 4.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Alfentanil Hydrochloride RS 

BRIEFING

Amiodarone Hydrochloride Injection. Because there is no existing USP monograph for this
drug product, a new monograph is proposed based on validated methods of analysis. The
liquid chromatographic procedures in the Assay and the test for Organic Impurities are
based on analyses performed using the 5-µm Inertsil ODS 3V brand of L1 column. The typical
retention time for amiodarone is about 10.5 min under the conditions for the Assay and
about 29 min under the conditions for Organic Impurities. The gas chromatographic
procedure in Content of Benzyl Alcohol is based on analysis performed using the 1-µm
Stabilwax brand of capillary column of phase G16. The typical retention times for benzyl
alcohol and phenol are about 7 and 11.3 min, respectively.

(SM2: S. Ramakrishna.)

USP38
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Correspondence Number—C105410

Comment deadline: January 31, 2014

Add the following:
Amiodarone Hydrochloride Injection

DEFINITION

Amiodarone Hydrochloride Injection is a sterile solution of Amiodarone Hydrochloride. It contains
NLT 90.0% and NMT 110.0% of the labeled amount of amiodarone hydrochloride
(C25H29I2NO3·HCl). It may contain suitable preservatives.

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  1.36 g/L of monobasic potassium phosphate in water prepared as follows. To 1.36 g
of monobasic potassium phosphate in a 1-L volumetric flask add about 900 mL of water
and 1 mL of triethylamine. Adjust with phosphoric acid to a pH of 6.0, and dilute to
volume.

Mobile phase:  Acetonitrile and Buffer (800:200)
Diluent:  Acetonitrile and water (60:40)
Standard solution:  0.025 mg/mL of USP Amiodarone Hydrochloride RS in Diluent
Sample solution:  Nominally 0.012 mg/mL of amiodarone hydrochloride in Diluent from a

suitable volume of Injection
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL
Run time:  NLT 2 times the retention time of amiodarone

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of the labeled amount of amiodarone hydrochloride
(C25H29I2NO3·HCl) in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of amiodarone from the Sample solution
rS= peak area of amiodarone from the Standard solution
CS= concentration of USP Amiodarone Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer:  3 mL/L of glacial acetic acid in water prepared as follows. To a suitable amount of
glacial acetic acid add water to fill 80% of the total volume, adjust with ammonia to a pH
of 4.9, and dilute with water to volume.

Mobile phase:  Acetonitrile, methanol, and Buffer (400:300:300)
Diluent:  Acetonitrile, methanol, and water (50:30:20)
Standard solution A:  0.001 mg/mL of USP Amiodarone Hydrochloride RS in Diluent
Standard solution B:  0.03 mg/mL of USP Amiodarone Related Compound D RS and 2 µg/mL

of USP Amiodarone Related Compound E RS in Diluent
Sample solution:   Nominally 1 mg/mL of amiodarone hydrochloride in Diluent from a suitable

volume of Injection
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  NLT 1.5 times the retention time of amiodarone for the Standard solution, and

NLT 2 times the retention time of amiodarone for the Sample solution
System suitability 

Sample:  Standard solution A
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 5.0%

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Calculate the percentage of amiodarone related compound D or amiodarone related
compound E in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of amiodarone related compound D or amiodarone related compound E from
the Sample solution

rS= peak area of amiodarone related compound D or amiodarone related compound E from
Standard solution B

CS= concentration of USP Amiodarone Related Compound D RS or USP Amiodarone Related
Compound E RS in Standard solution B (mg/mL)
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CU= nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any unspecified degradation product in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of any unspecified degradation product from the Sample solution
rS= peak area of amiodarone from Standard solution A
CS= concentration of USP Amiodarone Hydrochloride RS in Standard solution A (mg/mL)
CU= nominal concentration of amiodarone hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Amiodarone related compound Ea 0.39 0.2
Amiodarone related compound Db 0.55 3.0
Amiodarone 1.00 —
Any unspecified degradation product — 0.20
Total impurities — 3.5

a  (2-Butylbenzofuran-3-yl)(4-hydroxyphenyl) methanone.
b  (2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl) methanone.

•  Limit of Iodide 
Use freshly prepared solutions in amber glassware.

Potassium iodate solution:  10.7 g/L of potassium iodate in water
Potassium iodide solution:  88.2 mg/L of potassium iodide in water
Amiodarone stock solution:  5 mg/mL of amiodarone hydrochloride in water from Injection

prepared by diluting 5.0 mL of Injection in a 50-mL volumetric flask to volume
Standard solution:  4.41 µg/mL prepared as follows. Into a suitable flask pipet 15.0 mL of

Amiodarone stock solution, 1.0 mL of 0.1 M hydrochloric acid, 1.0 mL of Potassium iodide
solution, 1.0 mL of Potassium iodate solution, and 2.0 mL of water. Mix, and allow to
stand for 4 hr, protected from light.

Sample solution:  Into a suitable flask pipet 15.0 mL of Amiodarone stock solution, 1.0 mL
of 0.1 M hydrochloric acid, 1.0 mL of Potassium iodate solution, and 3.0 mL of water. Mix,
and allow to stand for 4 hr, protected from light.

Blank:  Into a suitable flask pipet 15.0 mL of Amiodarone stock solution, 1.0 mL of 0.1 M
hydrochloric acid, and 4.0 mL of water. Mix, and allow to stand for 4 hr, protected from
light.

Instrumental conditions 
Mode:  UV-Vis
Analytical wavelength:  420 nm
Cell:  1 cm

Analysis 
Samples:  Standard solution, Sample solution, and Blank
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Calculate the amount of iodide, in ppm, in the portion of Injection taken:

Result = (AU  AB)/[(AS  AB)  (AU  AB)] × (CS/CU) × (Mr1/Mr2)

AU = absorbance of the Sample solution
AB = absorbance of the Blank
AS = absorbance of the Standard solution
CS = concentration of potassium iodide in the Standard solution (µg/mL)
CU = concentration of amiodarone hydrochloride in the Sample solution (g/mL)
Mr1 = molecular weight of iodide, 126.90
Mr2 = molecular weight of potassium iodide, 166.00

Acceptance criteria:  NMT 250 ppm

OTHER COMPONENTS
•  Content of Benzyl Alcohol (if present)

Internal standard solution:  1 mg/mL of phenol in isopropyl alcohol
Blank solution:  0.2 mg/mL of phenol in isopropyl alcohol prepared as follows. Transfer 5 mL

of Internal standard solution into a 25-mL volumetric flask, and dilute with isopropyl
alcohol to volume.

Standard stock solution:  1.62 mg/mL of USP Benzyl Alcohol RS in isopropyl alcohol
Standard solution:  Transfer 5 mL of Internal standard solution and 3 mL of Standard stock

solution into a 25-mL volumetric flask, and dilute with isopropyl alcohol to volume.
Sample stock solution:  Nominally equivalent to 1.61 mg/mL of benzyl alcohol in isopropyl

alcohol prepared as follows. Transfer 2 mL of Injection into a 25-mL volumetric flask, and
dilute with isopropyl alcohol to volume.

Sample solution:  Nominally 0.2 mg/mL of phenol and 0.19 mg/mL of benzyl alcohol in
isopropyl alcohol prepared as follows. Transfer 5 mL of Internal standard solution and 3 mL
of Sample stock solution into a 25-mL volumetric flask, and dilute with isopropyl alcohol to
volume.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame ionization
Column:  0.32-mm × 30-m; coated with 1-µm phase G16
Temperatures 

Injection port:  200

Detector:  200

Column:  150
Carrier gas:  Nitrogen
Flow rate:  10 mL/min
Injection volume:  1 µL
Injection type:  Split injection with a split ratio, 10:1

System suitability 
Sample:  Standard solution
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Suitability requirements 
Relative standard deviation:  NMT 2.0% for the peak response ratio of benzyl alcohol

to phenol
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of benzyl alcohol in the portion of
Injection taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of benzyl alcohol to phenol from the Sample solution
RS= peak response ratio of benzyl alcohol to phenol from the Standard solution
CS= concentration of USP Benzyl Alcohol RS in the Standard solution (mg/mL)
CU= nominal concentration of benzyl alcohol in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : NMT 8.33 USP Endotoxin Units/mg of amiodarone
hydrochloride

•  Sterility Tests 71 : Meets the requirements

•  pH 791 : 3.0–5.0

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Other Requirements: Meets the requirements in Injections 1

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose or multiple-dose glass containers,

protected from light and excessive heat. Store at controlled room temperature.
•  Labeling: Label it to indicate that it is to be diluted to the appropriate strength with a

suitable parenteral vehicle prior to administration. Label it to indicate the type and amount
of preservative used. Label it to indicate that it is preservative free, if no preservative is
present.

•  USP Reference Standards 11
USP Amiodarone Hydrochloride RS 
USP Amiodarone Related Compound D RS  

(2-Butylbenzofuran-3-yl)(4-hydroxy-3,5-diiodophenyl) methanone.     
C19H16I2O3      546.14

USP Amiodarone Related Compound E RS  
(2-Butylbenzofuran-3-yl)(4-hydroxyphenyl) methanone.      
C19H18O3      294.34

USP Benzyl Alcohol RS 
USP Endotoxin RS

BRIEFING
USP38
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Azathioprine, USP 36 page 2569. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. The test for Limit of Mercaptopurine by thin-layer chromatography is replaced with a
stability-indicating HPLC Organic Impurities procedure adopted from the current
monograph for Azathioprine in the European Pharmacopoeia. The liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Zorbax SB Phenyl brand of L11 column. The typical retention time
for azathioprine is 15 min.

2. Identification test B is replaced with the retention time agreement of the major peaks,
as obtained in the Assay.

3. The current nonspecific titration Assay is replaced with a validated stability-indicating
HPLC procedure. The liquid chromatography procedure in the Assay is based on
analyses performed with the µBondapack C18 brand of L1 column. The typical
retention time for azathioprine is 4.3 min.

4. The acceptance criteria in the Definition is changed from "NLT 98.0% and NMT 101.5%"
to "NLT 98.0% and NMT 102.0%", which is typical for chromatographic procedures.

5. The test for Acidity or Alkalinity is deleted because the impurities are controlled by the
test for Organic Impurities.

6. USP Azathioprine Related Compound A RS and USP Azathioprine Related Compound G RS
are added in the USP Reference Standards section to support the proposed revision
in the test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: R. Prasad , F. Mao.)
Correspondence Number—C121348

Comment deadline: January 31, 2014
Azathioprine

C9H7N7O2S       277.26 

1H-Purine, 6-[(1-methyl-4-nitro-1H-imidazol-5-yl)thio]-;     
6-[(1-Methyl-4-nitroimidazol-5-yl)thio]purine     [446-86-6].

DEFINITION

Change to read:
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Azathioprine contains NLT 98.0% and NMT 101.5%
NMT 102.0%

of azathioprine (C9H7N7O2S), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. The principal spot of the Sample solution shows the same RF value as that of Standard

solution A in the test for Limit of Mercaptopurine.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Sample solution:  Dissolve 300 mg of Azathioprine in 80 mL of dimethylformamide, and add
5 drops of a 1-in-100 solution of thymol blue in dimethylformamide.

Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 N tetrabutylammonium hydroxide VS
Endpoint detection:  Visual

Analysis:  Titrate the Sample solution with Titrant, using a magnetic stirrer, and taking
precautions to prevent absorption of atmospheric carbon dioxide. Perform a blank
determination. Each mL of 0.1 N tetrabutylammonium hydroxide is equivalent to 27.73 mg
of azathioprine (C9H7N7O2S).

Acceptance criteria:  98.0%–101.5% on the dried basis
Solution A:  1.6 g/L of sodium 1-heptanesulfonate in water
Mobile phase:  Methanol and Solution A (30:70). Adjust with 1 N hydrochloric acid to a

pH of 3.5 ± 0.1.
Standard stock solution:  0.1 mg/mL of USP Azathioprine RS prepared as follows.

Transfer USP Azathioprine RS to a suitable volumetric flask. Add 25% of the flask
volume of methanol and 1% of ammonium hydroxide to the flask. Swirl, and sonicate for
2 min or until dissolved. Dilute with methanol to volume.

Standard solution:  0.1 mg/mL of USP Azathioprine RS in water from the Standard stock
solution

Sample solution:  0.1 mg/mL of Azathioprine prepared as follows. Transfer 50 mg of
sample to a 100 mL volumetric flask. Add 25 mL of methanol and 1.0 mL of ammonium
hydroxide to the flask, swirl, and sonicate for 2 min or until dissolved. Dilute with
methanol to volume. Transfer 10.0 mL of this solution into a 50-mL volumetric flask,
and dilute with water to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9 mm × 30-cm; 10-µm packing L1

USP38

USP38
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Flow rate:  1.8 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of azathioprine (C9H7N7O2S) in the portion of Azathioprine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of azathioprine from the Sample solution
rS= peak response of azathioprine from the Standard solution
CS= concentration of USP Azathioprine RS in the Standard solution (mg/mL)
CU= concentration of Azathioprine in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Delete the following:
•  Limit of Mercaptopurine

Standard solution A: 20 mg/mL of USP Azathioprine RS in 6 N ammonium hydroxide
Standard solution B: 200 µg/mL of USP Mercaptopurine RS, on the anhydrous basis, in 6 N

ammonium hydroxide
Sample solution: 20 mg/mL of Azathioprine in 6 N ammonium hydroxide
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of microcrystalline cellulose
Application volume: 5 µL
Developing solvent system: Butyl alcohol saturated with 6 N ammonium hydroxide

Analysis 
Samples: Standard solution A, Standard solution B, and Sample solution

Apply the Samples at points 2 cm from the bottom edge of a thin-layer chromatographic
plate. Allow the spots to dry, and develop the chromatogram in a suitable chamber until
the solvent front has moved 15 cm from the point of application. Remove the plate, air-
dry, and locate the spots by viewing under short- and long-wavelength UV light.

Acceptance criteria: 1.0%; any spot from the Sample solution, other than the principal
spot, is not more intense than the spot from the Standard solution B.

Add the following:

USP38
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•  Organic Impurities
Buffer:  2.76 g/L of monobasic sodium phosphate. Adjust with phosphoric acid to a pH of

2.5.
Solution A:  Methanol and Buffer (5:95)
Solution B:  Methanol and Buffer (60:40)
Mobile phase:  See Table 1. Return to original conditions, and re-equilibrate the system.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
5 100 0
15 0 100
20 0 100

Diluent:  0.8 g/L of sodium hydroxide in water
System suitability stock solution A:  0.2 mg/mL each of USP Azathioprine Related

Compound A RS and USP Mercaptopurine RS prepared as follows. Transfer USP
Azathioprine Related Compound A RS and USP Mercaptopurine RS to a suitable volumetric
flask. Add 35% of the flask volume of Diluent, and dilute with Buffer to volume.

System suitability stock solution B:  0.1 mg/mL each of USP Azathioprine Related
Compound G RS and USP Azathioprine RS prepared as follows. Transfer USP Azathioprine
Related Compound G RS and USP Azathioprine RS to a suitable volumetric flask. Add 35%
of the flask volume of Diluent, and dilute with Buffer to volume.

System suitability solution:  0.002 mg/mL each of USP Azathioprine Related Compound A
RS, USP Mercaptopurine RS, USP Azathioprine Related Compound G RS, and USP
Azathioprine RS prepared as follows. Transfer 1 mL of System suitability stock solution A
and 2 mL of System suitability stock solution B to a 100-mL volumetric flask. Add 35 mL of
Diluent, and dilute with Buffer to volume.

Standard stock solution:  0.1 mg/mL of USP Azathioprine RS prepared as follows. Transfer
USP Azathioprine RS to a suitable volumetric flask. Add 35% of the flask volume of Diluent,
and dilute with Buffer to volume.

Standard solution:  0.1 µg/mL of USP Azathioprine RS in Buffer from Standard stock
solution

Sample solution:  0.1 mg/mL of Azathioprine prepared as follows. Transfer Azathioprine to
a suitable volumetric flask. Add 35% of the flask volume with Diluent, and dilute with
Buffer to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6 mm × 15-cm; 5-µm packing L11

Column temperature:  30
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Sample:  System suitability solution
Suitability requirements 
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Resolution:  NLT 2 between azathioprine related compound A and mercaptopurine; NLT
2 between azathioprine related compound G and azathioprine.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Azathioprine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution

rS= peak response of azathioprine from the Standard solution

CS= concentration of USP Azathioprine RS in the Standard solution (mg/mL)

CU= concentration of Azathioprine in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. Disregard any impurity peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Azathioprine related compound Aa 0.3 0.15

Mercaptopurineb 0.4 0.15

Azathioprine related compound Gc 0.97 0.10
Azathioprine 1.0 —
Any other unspecified impurity — 0.10
Total impurities — 0.5

a  1-Methyl-4-nitro-1H-imidazol-5-amine.
b  9H-Purine-6-thiol.
c  6-[(1-Methyl-4-nitro-1H-imidazol-5-yl)thio]-9H-purin-2-amine.

SPECIFIC TESTS

Delete the following:
•  Acidity or Alkalinity

Sample: 2.0 g
Analysis: Shake the Sample with 100 mL of water for 15 min, and filter.
Acceptance criteria: 20.0 mL of the filtrate requires for neutralization NMT 0.10 mL of

0.020 N hydrochloric acid or NMT 0.10 mL of 0.020 N sodium hydroxide, using methyl red
TS as the indicator.

•  Loss on Drying 731

Analysis:  Dry under vacuum at 105  for 5 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

USP38
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Change to read:

•  USP Reference Standards 11
USP Azathioprine RS 
USP Azathioprine Related Compound A RS  

1-Methyl-4-nitro-1H-imidazol-5-amine. 
C4H6N4O2      142.12

USP Azathioprine Related Compound G RS  
6-[(1-Methyl-4-nitro-1H-imidazol-5-yl)thio]-9H-purin-2-amine. 
C9H8N8O2S      292.28

USP Mercaptopurine RS 

BRIEFING

Azithromycin, USP 36 page 2571. On the basis of comments received, the monograph is
revised as follows:

1. The Assay is revised based on a validated procedure from an FDA-approved sponsor.
The method was validated using the Asahipak ODP-50 brand of L67 column. The
typical retention time for azithromycin is 10 min. The procedure, which is based on a
UV detector, is similar to the one in the European Pharmacopoeia monograph for
Azithromycin.

2. The test for Organic Impurities, Procedure 1 is updated based on a validated procedure
from an FDA-approved sponsor and includes limits for specified impurities. The
method was validated using the Zirchrom-PBD brand of L49 column. The typical
retention time for azithromycin is 35 min.

3. The test for Organic Impurities, Procedure 2 is revised to update the relative response
factors and acceptance criteria based on FDA-approved requirements. The names of
some of the impurities are updated for consistency with the rest of the monograph.
A table cross-reference is revised to correct the table title. The statement about
when this procedure is to be used is also revised.

4. The USP Reference Standards section is revised to include the chemical information for
two of the impurity Reference Standards to be consistent with the rest of the
monograph and to remove a Reference Standard that is no longer required in the
monograph.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Wise.)
Correspondence Number—C98623; C135453

Comment deadline: January 31, 2014
Azithromycin

USP38
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C38H72N2O12       748.98 
C38H72N2O12·H2O       767.00 
C38H72N2O12·2H2O       785.02 

1-Oxa-6-azacyclopentadecan-15-one, 13-[(2,6-dideoxy-3-C-methyl-3-O-methyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-

trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-, [2R-
(2R*,3S*,4R*,5R*,8R*,10R*,11R*,12S*,13S*,14R*)];     
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-

trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-
one;     
9-Deoxo-9a-aza-9a-methyl-9a-homoerythromycin A     
Anhydrous     [83905-01-5].
Monohydrate     [121470-24-4].
Dihydrate     [117772-70-0].

DEFINITION

Azithromycin is anhydrous or contains one or two molecules of water of hydration. It contains
the equivalent of NLT 945 µg and NMT 1030 µg of azithromycin (C38H72N2O12) per mg,
calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K : If a difference appears in the IR spectra of the analyte
and the Standard, dissolve equal portions of the test specimen and the Reference
Standard in equal volumes of methanol. Evaporate the solutions to dryness on a water

bath, and dry at 80  for 30 min under vacuum. Perform the test on the residues.
•  B. The retention time of the azithromycin peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure
[Note—Use water that has a resistivity of NLT 18 Mohm-cm.]
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Mobile phase:  Dissolve 5.8 g of monobasic potassium phosphate in 2130 mL of water, and
add 870 mL of acetonitrile. Adjust with 6 mL of 10 N potassium hydroxide to a pH of 11.0
± 0.1, and filter.

Standard stock solution:  0.165 mg/mL of USP Azithromycin RS in acetonitrile. [Note
—Sonicate as necessary.]

Standard solution:  3.3 µg/mL of USP Azithromycin RS from the Standard stock solution in
Mobile phase

Sample stock solution:  0.165 mg/mL of Azithromycin in acetonitrile. [Note—Sonicate as
necessary.]

Sample solution:  3.3 µg/mL of azithromycin from the Sample stock solution in Mobile
phase

System suitability stock solution:  0.16 mg/mL of USP Azaerythromycin A RS in
acetonitrile and Mobile phase (1:9). [Note—Dissolve in acetonitrile, using 10% of the final
volume. Swirl and sonicate to dissolve. Dilute with Mobile phase to volume.]

System suitability solution:  3.3 µg/mL of azithromycin from the Sample stock solution
and 3.2 µg/mL of azaerythromycin A from the System suitability stock solution in Mobile
phase

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  Amperometric electrochemical detector
Detector type:  Dual glassy carbon electrodes
Detector mode:  Oxidative screen mode
Detector settings:  Electrode 1 set at +0.70 ± 0.05 V, electrode 2 set at +0.82 ± 0.05

V, background current optimized to 85 ± 15 nanoamperes
Column 

Guard column:  4.6-mm × 5-cm; 5-µm packing L29
Analytical column:  4.6-mm × 15-cm; 5-µm packing L29 or 3-µm packing L49 without

the guard column
Flow rate:  1.5 mL/min
Injection size:  50 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for azaerythromycin A and azithromycin with the L29

column are 0.7 and 1.0, respectively. The relative retention times for azaerythromycin
A and azithromycin with the L49 column are 0.8 and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.5 between azaerythromycin A and azithromycin, System suitability

solution
Column efficiency:  NLT 1000 theoretical plates, Standard solution
Tailing factor range:  0.9–1.5 for azithromycin, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the quantity, in µg, of C38H72N2O12 in each mg of Azithromycin taken:
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Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution
CU= concentration of Azithromycin in the Sample solution
P= potency of USP Azithromycin RS (µg/mg of azithromycin)

Acceptance criteria:  945–1030 µg/mg on the anhydrous basis
Solution A:  10 M potassium hydroxide
Solution B:  6.7 g/L of monobasic potassium phosphate adjusted with Solution A to a pH

of 11.0
Solution C:  6.7 g/L of monobasic potassium phosphate adjusted with phosphoric acid to

a pH of 8.0
Mobile phase:  Acetonitrile and Solution B (60:40)
Diluent:  Acetonitrile and Solution C (60:40)
System suitability solution:  0.5 mg/mL each of USP Azithromycin RS and USP

Azaerythromycin A RS prepared as follows. Dissolve USP Azithromycin RS and USP
Azaerythromycin A RS first in acetonitrile, using 5% of the final volume, and then dilute
with Diluent to volume.

Standard solution:  0.53 mg/mL of USP Azithromycin RS prepared as follows. Dissolve
USP Azithromycin RS first in acetonitrile, using 2% of the final volume, and then dilute
with Diluent to volume.

Sample solution:  0.53 mg/mL of Azithromycin prepared as follows. Dissolve
Azithromycin first in acetonitrile, using 2% of the final volume, and then dilute with
Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L67

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for azaerythromycin A and azithromycin are 0.7 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between azaerythromycin A and azithromycin, System
suitability solution

Tailing factor:  0.8–1.5 for azithromycin, Standard solution
Relative standard deviation:  NMT 0.85% for azithromycin, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the quantity, in µg, of azithromycin (C38H72N2O12) in each mg of
Azithromycin taken:

Result = (rU/rS) × (CS/CU) × P

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution
CU= concentration of Azithromycin in the Sample solution
P= potency of USP Azithromycin RS (µg/mg of azithromycin)

Acceptance criteria:  945–1030 µg/mg on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.3%, the charred residue being moistened with 2 mL of
nitric acid and 5 drops of sulfuric acid

•  Heavy Metals, Method II 231 : NMT 25 ppm

Change to read:
•  Organic Impurities, Procedure 1
[Note—Use Organic Impurities, Procedure 2 when the impurity profile includes azithromycin

related compound F.]
[Note—Use water that has a resistivity of NLT 18 Mohm-cm.]

Mobile phase:  Proceed as directed in the Assay.
Solution A:  2.7 mg/mL of monobasic potassium phosphate in water. Adjust with 10 N

potassium hydroxide to a pH of 7.5 ± 0.1.
Diluent:  Acetonitrile and Solution A (1:3)
Standard stock solution:  45 µg/mL of USP Desosaminylazithromycin RS, 105 µg/mL of

USP N-Demethylazithromycin RS, and 160 µg/mL of USP Azithromycin RS in acetonitrile
Standard solution:  0.9 µg/mL of USP Desosaminylazithromycin RS, 2.1 µg/mL of USP N-

Demethylazithromycin RS, and 3.2 µg/mL of USP Azithromycin RS from the Standard
stock solution in Diluent

Sample solution:  33 mg of Azithromycin in a 100-mL volumetric flask. Add 5 mL of
acetonitrile, and sonicate for about 20 s to dissolve. Dilute with Diluent to volume. [Note
—Use this solution within 6 h.]

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  Amperometric electrochemical detector
Detector type:  Dual glassy carbon electrodes
Detector mode:  Oxidative screen mode
Detector settings:  Electrode 1 set at +0.70 ± 0.05 V, electrode 2 set at +0.85 ± 0.05

V, background current optimized to 95 ± 25 nanoamperes
[Note—In general, maintain electrode 1 at 0.12 V less than electrode 2, and maintain the

electrodes at a constant temperature of about 26 .]
Column 
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Guard column:  4.6-mm × 5-cm; 5-µm packing L29
Analytical column:  4.6-mm × 15-cm; 5-µm packing L29 or 3-µm packing L49 without

the guard column.
Flow rate:  0.4 mL/min
Injection size:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1500 theoretical plates for the azithromycin peak
Tailing factor:  NMT 1.5 for each peak
Relative standard deviation:  NMT 5% for each of these compounds

Analysis 
Samples:  Standard solution and Sample solution
[Note—Record the Sample solution chromatograms for NLT 3.3 times the retention time

of the azithromycin peak.]

Calculate the percentages of desosaminylazithromycin and N-demethylazithromycin in the
portion of Azithromycin taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak area for the relevant analyte from the Sample solution
rS= peak area for the relevant analyte from the Standard solution
CS= concentration of the appropriate USP Reference Standard in the Standard solution

(µg/mL)
CU= concentration of the Sample solution (mg/mL)
F= unit conversion (0.001 mg/µg)

Calculate the percentages of other related substances in the portion of Azithromycin
taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak area of each additional impurity from the Sample solution
rS= peak area of the azithromycin peak from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (µg/mL)
CU= concentration of the Sample solution (mg/mL)
F= unit conversion (0.001 mg/µg)

Acceptance criteria:  See Impurity Table 1.

Impurity Table 1

Name

Relative 
Retention

Time

Acceptance
Criteria, 
NMT (%)

Desosaminylazithromycin 0.38 0.3
N-demethylazithromycin 0.54 0.7
Total impurities — 3.0

Use Organic Impurities, Procedure 1 when the impurity profile includes erythromycin A oxime
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and erythromycin A iminoether.

Use water that has a resistivity of NLT 18 Mohm-cm.
Solution A:  20 mM dibasic potassium phosphate
Mobile phase:  Acetonitrile and Solution A (250:750). Adjust with 5 M potassium hydroxide

to a pH of 10.55 ± 0.05.
Standard stock solution:  45 µg/mL of USP Desosaminylazithromycin RS, 105 µg/mL of

USP N-Demethylazithromycin RS, 150 µg/mL of USP Azaerythromycin A RS, and 160
µg/mL of USP Azithromycin RS in acetonitrile. Sonicate as necessary to dissolve.

Standard solution:  0.9 µg/mL of USP Desosaminylazithromycin RS, 2.1 µg/mL of USP N-
Demethylazithromycin RS, 3.0 µg/mL of USP Azaerythromycin A RS, and 3.2 µg/mL of USP
Azithromycin RS from the Standard stock solution in Mobile phase

Sample solution:  0.33 mg/mL of Azithromycin prepared as follows. Transfer a suitable
amount of Azithromycin to a suitable volumetric flask. Add acetonitrile, using 5% of the
final volume, and sonicate as necessary to dissolve. Dilute with Mobile phase to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Amperometric electrochemical
Detector type:  Dual glassy carbon electrodes
Detector mode:  Oxidative screen mode
Detector settings 

Electrode 1:  +0.70V
Electrode 2:  +0.82V

Column:  4.6-mm × 15-cm; 3-µm packing L49
Temperatures 

Detector preheater:  28

Autosampler:  5
Flow rate:  1 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between azithromycin and azaerythromycin A
Tailing factor:  NMT 2.0 for azithromycin; NMT 2.5 for N-demethylazithromycin
Relative standard deviation:  NMT 10.0% for azithromycin, azaerythromycin A, N-

demethylazithromycin, and desosaminylazithromycin
Analysis 

Samples:  Standard solution and Sample solution

Record the Sample solution chromatograms for NLT 3.3 times the retention time of the
azithromycin peak. 
Calculate the percentages of desosaminylazithromycin and N-demethylazithromycin in the
portion of Azithromycin taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak area of the relevant analyte from the Sample solution
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rS= peak area of the relevant analyte from the Standard solution
CS= concentration of the appropriate USP Reference Standard in the Standard solution

(µg/mL)

CU= concentration of the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg

Calculate the percentages of other related substances in the portion of Azithromycin
taken:

Result = (rU/rS) × (CS/CU) × F × 100

rU= peak area of each additional impurity from the Sample solution
rS= peak area of the azithromycin peak from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (µg/mL)
CU= concentration of the Sample solution (mg/mL)
F = conversion factor, 0.001 mg/µg

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Erythromycin A iminoethera 0.19 0.5

Desosaminylazithromycinb 0.29 0.3

Erythromycin A oximec 0.37 0.5

N-Demethylazithromycind 0.49 0.7

Azaerythromycin Ae 0.80 1.0

Azithromycin 1.0 —
3-Deoxyazithromycin (azithromycin B)f 2.33 1.0

Total impurities — 3.0
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a  (3R,4R,5S,6R,9R,10S,11S,12R,13S,15R,Z)-12-[[3,4,6-Trideoxy-3-(dimethylamino)-
-d-xylo-hexopyranosyl]oxy]-6-ethyl-4,5-dihydroxy-10-[(2,6-dideoxy-3-C-methyl-3-O-
methyl- -l-ribo-hexopyranosyl)oxy]-3,5,9,11,13,15-hexamethyl-7,16-dioxa-2-
azabicyclo[11.2.1]hexadec-1-en-8-one. 

b  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. 

c  (3R,4S,5S,6R,7R,9R,11S,12R,13S,14R,E)-6-[[3,4,6-Trideoxy-3-(dimethylamino)-
-d-xylo-hexopyranosyl]oxy]-14-ethyl-7,12,13-trihydroxy-4-[(2,6-dideoxy-3-C-methyl-
3-O-methyl- -l-ribo-hexopyranosyl)oxy]-10-(hydroxyimino)-3,5,7,9,11,13-
hexamethyloxacyclotetradecan-2-one. 

d  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one. 

e  9-Deoxo-9a-aza-9a-homoerythromycin A. 
f  (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-

-l-ribo-hexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one. 

Change to read:
•  Organic Impurities, Procedure 2 

Use Organic Impurities, Procedure 2 when the impurity profile includes azithromycin related
compound F.

Use Organic Impurities, Procedure 1 when the impurity profile includes erythromycin A oxime
and erythromycin A iminoether.

Solution A:  1.8 mg/mL of anhydrous dibasic sodium phosphate in water. Adjust with 1 N
sodium hydroxide or 10% phosphoric acid to a pH of 8.9.

Solution B:  Acetonitrile and methanol (3:1)
Solution C:  1.73 mg/mL of monobasic ammonium phosphate. Adjust with ammonia TS to a

pH of 10.0 ± 0.05.
Solution D:  Methanol, acetonitrile, and Solution C (7:6:7)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 50 50
25 45 55
30 40 60
80 25 75
81 50 50
93 50 50

System suitability solution:  0.0165 mg/mL of USP Azithromycin Related Compound F RS
and 0.027 mg/mL of USP Desosaminylazithromycin RS in Solution D

Standard solution:  86 µg/mL of USP Azithromycin RS in Solution D
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Sample solution:  8.6 mg/mL of Azithromycin in Solution D
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  60
Flow rate:  1 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Tailing factor:  0.8–1.5, Standard solution
Peak-to-valley ratio:   NLT 1.4, System suitability solution. Calculate the peak-to-

valley ratio as follows:

Result = HP/HV

HP= height above the baseline of the desosaminylazithromycin peak
HV= height above the baseline of the lowest point of the curve separating the

desosaminylazithromycin and azithromycin related compound F peaks

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of each related compound in the portion of Azithromycin
taken:

Result = (rU/rS) × (CS/CU) × P × F1 × (100/F2)

rU = peak response of each impurity from the Sample solution
rS = peak response of azithromycin from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution

(mg/mL)
CU = concentration of Azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg of azithromycin)

F1 = conversion factor, 0.001 mg/µg
F2 = relative response factor (see Table 2

Table 3
)

Acceptance criteria:  See Table 3. Disregard peaks eluting before azithromycin 3¢-

N-oxide and after 3-deoxyazithromycin (azithromycin B). Disregard peaks with a response
less than 0.1 times the response of the azithromycin peak in the Standard solution
(0.1%).

Table 3

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

(ERR 1-Apr-2013)

(ERR 1-Apr-2013)
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Azithromycin N-oxidea 0.29 0.43 0.5

3¢-(N,N-Didemethyl)-3¢-N-formylazithromycinb 0.37 1.7 0.5
3¢-(N,N-Didemethyl) azithromycin

(aminoazithromycin)c 0.43 1.0 0.5

Azithromycin related compound Fd 0.51 3.8 0.5

Desosaminylazithromycine 0.54 1.0 0.3

N-Demethylazithromycinf 0.61 1.0 0.7

Azithromycin C (3¢¢-O-demethylazithromycin)g 0.73 1.0 0.5

3¢-De(dimethylamino)-3¢-oxoazithromycinh 0.76 1.5 0.5
3¢-N-{[4-(Acetylamino)phenyl]sulfonyl}-3¢-
demethylazithromycini 0.79 10 0.5

Azaerythromycin Aj 0.83 1.0 0.5

Azithromycin impurity Pk 0.92 1.0 0.2
Azithromycin 1.0 — —

2-Desethyl-2-propylazithromycinl 1.23 1.0 0.5
3¢-N-Demethyl-3¢-N-[(4-

methylphenyl)sulfonyl]azithromycinm 1.26
1.0

5 0.5

3-Deoxyazithromycin (azithromycin B)n 1.31 1.0 1.0
Any individual, unidentified impurity — 1.0 0.2
Total impurities — — 3.0

a  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylazinoyl)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

b  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-formamido-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

c  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-amino-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-
15-one.

d  3¢-N-Demethyl-3¢-N-formylazithromycin;
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-(N-methyl)formamido-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

e  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

f  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.
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g  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-

trideoxy-3-dimethylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-
15-one.

h  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-

trideoxy-3-oxo- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.
i (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-[N-(4-acetamidophenylsulfonyl)-N-methylamino]-3,4,6-trideoxy- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. 

j  9-Deoxo-9a-aza-9a-homoerythromycin A.
k  Specified unidentified impurity.
l  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-

-l-ribo-hexopyranosyl)oxy]-2-propyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one. dihydrate

m  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-[N-(4-methylphenylsulfonyl)-N-methylamino]-3,4,6-trideoxy- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

n  (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S : 45  to 49 , at 20
Sample solution:  20 mg/mL in dehydrated alcohol

•  Crystallinity 695 : Meets the requirements except, where it is labeled as amorphous,
most of the particles do not exhibit birefringence and extinction positions

•  pH 791 : 9.0–11.0
Sample stock solution:  4 mg/mL in methanol
Sample solution:  2 mg/mL from the Sample stock solution in a mixture of methanol

and water (1:1)

•  Water Determination, Method I 921
Where it is labeled as anhydrous:  NMT 2.0%
Where it is labeled as the dihydrate:  4.0%–5.0%
Where it is labeled as the monohydrate:  1.8%–4.0%, except that it may be 4.0%–

6.5% when the requirements of the Loss on Drying test are met
•  Loss on Drying: Where it is labeled as Azithromycin monohydrate and has a water

content of 4.0%–6.5% (see Thermal Analysis 891 )
[Note—The quantity taken for this procedure may be adjusted, if necessary, for instrument

sensitivity.]
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Analysis:  Determine the percentage of volatile substances by thermogravimetric
analysis in an appropriately calibrated instrument, using about 10 mg of Azithromycin.

Heat the specimen at the rate of 10 /min between ambient temperature and 150  in
an atmosphere of nitrogen at a constant flow rate of about 35 mL/min. From the
thermogram plot the derivatives of the loss on drying (percent loss/min), and identify

the inflection points of the two weight loss steps at about 70  and 130 .
Acceptance criteria:  It loses NMT 4.5% of its weight between ambient temperature

and the inflection point at about 70 , and 1.8%–2.6% between the inflection point at

about 70  and the inflection point at about 130 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Label it to indicate whether it is anhydrous, or the monohydrate, or the

dihydrate. The amorphous form is so labeled. Where the quantity of azithromycin is
indicated in the labeling of any preparation containing Azithromycin, this shall be
understood to be in terms of anhydrous azithromycin (C38H72N2O12). The labeling
states with which Organic Impurities procedure the article complies, if other than
Procedure 1.

Change to read:

•  USP Reference Standards 11
USP Azaerythromycin A RS  
9-Deoxo-9a-aza-9a-homoerythromycin A; 

6-Demethylazithromycin.
C37H70N2O12      734.96

USP Azithromycin RS 
USP Azithromycin Identity RS  

A mixture of azithromycin, 3¢-(N-N-dimethyl-3¢-N-formyl-azithromycin, 3¢-N-demethyl-
3¢-N-formylazithromycin (Rotamer 1), 3¢-N-demethyl-3¢-N-formylazithromycin (Rotamer
2), 3¢-de(dimethylamino)-3¢-oxoazithromycin, 2-desethyl-2-propylazithromycin, 3-
deoxyazithromycin and 3¢-N-demethyl-3¢-N-[(4-methylphenyl)sulfonyl]azithromycin.

USP Azithromycin Related Compound F RS  
3¢-N-Demethyl-3¢-N-formylazithromycin;

(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-

(N-methyl)formamido-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.     
C38H70N2O13      762.97

USP N-Demethylazithromycin RS  
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-

11-[[3,4,6-trideoxy-3-methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.     

USP38

USP38

USP38
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C37H70N2O12       734.96
USP Desosaminylazithromycin RS  
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-3,5,6,8,10,12,14-

heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-hexopyranosyl]oxy]-1-
oxa-6-azacyclopentadecan-15-one.
C30H58N2O9      590.79

BRIEFING

Azithromycin for Oral Suspension, USP 36 page 2579. On the basis of comments received,
the following revisions are proposed:

1. The test for Water Determination is deleted because water content of a drug product is
formulation specific.

2. The USP Reference Standards section is revised to correct the name of the impurity
Reference Standard and to include the chemical information for this compound.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Wise.)
Correspondence Number—C125963

Comment deadline: January 31, 2014
Azithromycin for Oral Suspension

DEFINITION

Azithromycin for Oral Suspension is a dry mixture of Azithromycin and one or more buffers,
sweeteners, diluents, anticaking agents, and flavors. It contains NLT 90.0% and NMT 110.0%
of the labeled amount of azithromycin (C38H72N2O12).

IDENTIFICATION
•  A. The retention time of the azithromycin peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure
[Note—Use water that has a resistivity of NLT 18 Mohm-cm.]

Mobile phase:  Dissolve 5.8 g of monobasic potassium phosphate in 2130 mL of water, and
add 870 mL of acetonitrile. Adjust with about 6 mL of 10 N potassium hydroxide to a pH of
11.0 ± 0.1, and pass through a suitable filter.

Diluent:  Dissolve 2.2 g of monobasic potassium phosphate in 1590 mL of water, and add
600 mL of isopropyl alcohol, 480 mL of alcohol, and 330 mL of acetonitrile. Adjust with 10
N potassium hydroxide to a pH of 8.4 ± 0.1, and shake by mechanical means for 30 min.

Standard stock solution:  0.165 mg/mL of USP Azithromycin RS in acetonitrile. Swirl, and
sonicate as necessary.

Standard solution:  3.3 µg/mL of USP Azithromycin RS from the Standard stock solution in
Mobile phase

USP38
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System suitability stock solution:  0.16 mg/mL of USP Azaerythromycin A RS in
acetonitrile and Mobile phase (1:9). Dissolve first in acetonitrile using 10% of the final
volume. Swirl, and sonicate to dissolve. Dilute with Mobile phase to volume.

System suitability solution:  3.2 µg/mL of azaerythromycin A from the System suitability
stock solution and 3.3 µg/mL of azithromycin from the Standard stock solution in Mobile
phase

Sample stock solution 1 (where packaged in a single-unit container):  2 mg/mL of
azithromycin from Azithromycin for Oral Suspension in Diluent. Transfer the contents of a
container of Azithromycin for Oral Suspension to a suitable volumetric flask. Add Diluent
equal to 70% of the volume of the flask, and shake by mechanical means for 30 min.
Dilute with Diluent to volume. Transfer 40 mL of this suspension to a stoppered centrifuge
tube, and centrifuge for 20 min. Use the supernatant to prepare Sample solution 1.

Sample stock solution 2 (where packaged in a multiple-unit container):  0.4 mg/mL of
azithromycin from Azithromycin for Oral Suspension in Diluent. Constitute Azithromycin for
Oral Suspension as directed in the labeling. Transfer a suitable aliquot of the suspension
so obtained, freshly mixed and free from air bubbles, to a suitable volumetric flask to
obtain a final concentration of 0.4 mg/mL. Add Diluent equal to 70% of the final volume,
shake by mechanical means for 30 min, and dilute with Diluent to volume. Transfer 40 mL
of the suspension so obtained to a stoppered centrifuge tube, and centrifuge for 20 min.
Use the supernatant to prepare Sample solution 2.

Sample solution 1:  3.2 µg/mL of azithromycin from Sample stock solution 1 in Mobile
phase

Sample solution 2:  4 µg/mL of azithromycin from Sample stock solution 2 in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Amperometric electrochemical detector

Electrode:  Dual glassy carbon
Mode:  Oxidative screen mode
Electrode 1:  +0.70 ± 0.05 V
Electrode 2:  +0.82 ± 0.05 V
Background current:  85 ± 15 nanoamperes

Columns 
Guard:  4.6-mm × 5-cm; 5-µm packing L29
Analytical:  4.6-mm × 15-cm; 5-µm packing L29 or 3-µm packing L49 without the Guard

column
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for azaerythromycin A and azithromycin with the L29

column are 0.7 and 1.0, respectively; the relative retention times for azaerythromycin A
and azithromycin with the L49 column are 0.8 and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 2.5 between azaerythromycin A and azithromycin, System suitability

solution
Column efficiency:  NLT 1000 theoretical plates, Standard solution
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Tailing factor:  0.9–1.5, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution, Sample solution 1, or Sample solution 2
Where packaged in a single-unit container  

Calculate the percentage of the labeled amount of azithromycin (C38H72N2O12) in the
portion of Azithromycin for Oral Suspension taken:

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

rU= peak response from Sample solution 1
rS= peak response from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in Sample solution 1 (mg/mL)
P= potency of azithromycin in USP Azithromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Where packaged in a multiple-unit container  
Calculate the percentage of the labeled amount of azithromycin (C38H72N2O12) in the
portion of Azithromycin for Oral Suspension taken:

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

rU= peak response from Sample solution 2
rS= peak response from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in Sample solution 2 (mg/mL)
P= potency of azithromycin in USP Azithromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Deliverable Volume 698 : Meets the requirements

•  Uniformity of Dosage Units 905
For single-unit containers 

Acceptance criteria:  Meets the requirements

SPECIFIC TESTS

•  pH 791
For a solid packaged in single-unit containers:  9.0–11.0, in the suspension constituted

as directed in the labeling
For a solid packaged in multiple-unit containers:  8.5–11.0, in the suspension

constituted as directed in the labeling

Delete the following:

•  Water Determination, Method I 921 : NMT 1.5% USP38
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

Change to read:

•  USP Reference Standards 11
USP Azaerythromycin RS 
USP Azaerythromycin A RS  

(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. 
C30H58N2O9      590.79

USP Azithromycin RS 

BRIEFING

Azithromycin Tablets, USP 36 page 2580. On the basis of comments and supporting validation
data received, the following revisions are being proposed:

1. The Assay is replaced with a procedure that is more suitable for public standard; the
new method uses a mobile phase that is less alkaline, making for longer column
lifetimes. The procedure was validated using the Hypersil BDS C18 brand of L1
column. The typical retention time for azithromycin is 6 min.

2. The Dissolution test is revised to delete the column efficiency requirement because the
remaining system suitability criteria are adequate to evaluate system suitability.

3. The test for Organic Impurities is replaced with a procedure that provides improved
selectivity. The procedure was validated using the XBridge C18 brand of L1 column.
The typical retention time for azithromycin is 30 min.

4. The USP Reference Standards section is revised to include reference standards required
in the test for Organic Impurities and to delete one that is no longer required.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Wise.)
Correspondence Number—C97346; C126992

Comment deadline: January 31, 2014
Azithromycin Tablets

DEFINITION

Azithromycin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
azithromycin (C38H72N2O12).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:

USP38
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Change to read:
•  Procedure

Solution A:  A solution containing 4.4 mg/mL of dibasic potassium phosphate and 0.5
mg/mL of sodium 1-octanesulfonate. Adjust with phosphoric acid to a pH of 8.20 ± 0.05.

Mobile phase:  Acetonitrile, methanol, and Solution A (9:3:8)
Solution B:  1.7 mg/mL of monobasic ammonium phosphate. Adjust with ammonium

hydroxide to a pH of 10.00 ± 0.05.
Diluent A:  Methanol, acetonitrile, and Solution B (7:6:7)
Standard solution:  Dissolve USP Azithromycin RS in Diluent A using about 75% of the final

volume, sonicate to dissolve, dilute with Diluent A to volume, and mix to obtain a solution
having a known concentration of 0.4 mg/mL of azithromycin.

System suitability stock solution:  0.2 mg/mL of USP Azaerythromycin A RS in
acetonitrile. [Note—Sonicate if necessary to dissolve.]

System suitability solution:  0.02 mg/mL of azaerythromycin A from the System
suitability stock solution and 0.02 mg/mL of azithromycin from the Standard solution in
Diluent A

Sample stock solution:  Weigh and finely powder NLT 20 Tablets. Transfer an equivalent
to 667 mg of azithromycin to a 200-mL volumetric flask. Add 75 mL of Diluent A, and
sonicate for NLT 15 min. Shake by mechanical means for NLT 15 min. Allow the solution
to equilibrate to room temperature, dilute with Diluent A to volume, and mix.

Sample solution:  0.4 mg/mL of azithromycin from the Sample stock solution in Diluent A.
Pass through a filter of 0.45-µm pore size.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—Identify the peaks by their relative retention times, which are 0.64 and 1.0 for

azaerythromycin A and azithromycin, respectively.]
Suitability requirements 

Resolution:  NLT 2.5 between azaerythromycin A and azithromycin, System suitability
solution

Column efficiency:  NLT 1000 theoretical plates, Standard solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of C38H72N2O12 in the portion of Tablets taken:

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

rU= peak response of azithromycin from the Sample solution
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rS= peak response of azithromycin from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F= unit conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–110.0%
Buffer:  Dissolve 4.6 g of monobasic potassium phosphate anhydrous in 900 mL of water.
Adjust with 1 N sodium hydroxide to a pH of 7.5, and dilute with water to 1 L.
Mobile phase:  Acetonitrile and Buffer (65:35)
Standard solution:  1 mg/mL of USP Azithromycin RS in Mobile phase. Sonicate and

shake as needed to dissolve.
Sample solution:  Nominally 1 mg/mL of azithromycin in Mobile phase from NLT 20

Tablets, finely powdered. Sonicate and shake as needed to dissolve.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  2 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of azithromycin (C38H72N2O12) in the
portion of Tablets taken:

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

rU= peak response of azithromycin from the Sample solution
rS= peak response of azithromycin from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F = conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

USP38
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•  Dissolution 711
Medium:  pH 6.0 phosphate buffer; 900 mL
Apparatus 2:  75 rpm
Time:  30 min
Solution A:  4.4 mg/mL of dibasic potassium phosphate and 0.5 mg/mL of sodium 1-

octanesulfonate, adjusted with phosphoric acid to a pH of 8.20 ± 0.05
Mobile phase:  Acetonitrile, methanol, and Solution A (9:3:8)
Diluent:  17.5 mg/mL of dibasic potassium phosphate. Adjust with phosphoric acid to a pH

of 8.00 ± 0.05. Prepare a mixture of this solution and acetonitrile (80:20).
Standard stock solution:  Dissolve USP Azithromycin RS in Medium to obtain a solution

having a known concentration of about (L/1000) mg/mL, where L is the Tablet label claim
in mg.

Standard solution:  Dilute the Standard stock solution with Diluent to obtain a solution
having a known concentration of about (L/2000) mg/mL, where L is the Tablet label claim
in mg.

Sample solution:  Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size. Dilute a portion of the filtrate with Diluent to obtain a solution having a
theoretical concentration of about (L/2000) mg/mL, where L is the Tablet label claim in
mg, assuming complete dissolution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  50
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 1000 theoretical plates

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of the labeled amount of azithromycin (C38H72N2O12)
dissolved:

Result = (rU/rS) × (CS/L) × V × 100

rU= peak response of azithromycin from the Sample solution
rS= peak response of azithromycin from the Standard solution
CS= concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
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Tolerances:  NLT 80% (Q) of the labeled amount of azithromycin (C38H72N2O12) is
dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Procedure 
[Note—Use low-actinic glassware. Refrigerate the Standard solution and the Sample

solution after preparation and during analysis, using a refrigerated autosampler set at 4 .
The solutions must be analyzed within 24 h of preparation.]
Solution B, Diluent A, and System suitability solution:  Proceed as directed in the

Assay.
Solution C:  1.8 mg/mL of dibasic sodium phosphate in water
Solution D:  Acetonitrile and methanol (3:1)
Mobile phase:  See the gradient table below.

Time
(min)

Solution C
(%)

Solution D
(%)

0 50 50
25 50 50
30 45 55
40 40 60
55 35 65
60 35 65
61 50 50
70 50 50

Diluent B:  Methanol and Solution B (1:1)
Blank:  Use Diluent A.
Standard stock solution:  Use the Standard solution as directed in the Assay.
Standard solution:  0.02 mg/mL of azithromycin from the Standard stock solution in

Diluent A
Sensitivity solution:  0.004 mg/mL of azithromycin from the Standard solution in Diluent

A
Sample stock solution:  Weigh and finely powder NLT 20 Tablets. Transfer an

equivalent to 1335 mg of azithromycin to a 100-mL volumetric flask. Add 75 mL of
acetonitrile, and sonicate for NLT 15 min. Shake by mechanical means for NLT 15 min.
Allow the solution to equilibrate to room temperature, dilute with acetonitrile to volume,
and mix.

Sample solution:  Centrifuge an aliquot of the Sample stock solution for 15 min.
Transfer 3.0 mL of the supernatant to a 10-mL volumetric flask, dilute with Diluent B to
volume, and mix to obtain a solution having a nominal concentration of about 4 mg/mL
of azithromycin. Pass through a filter of 0.45-µm pore size.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

PF 39(6): Nov.-Dec. 2013 200



Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  60
Flow rate:  0.8 mL/min

Autosampler temperature:  4
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Resolution:  NLT 2.5 between azaerythromycin A and azithromycin, System

suitability solution
Relative standard deviation:  NMT 10.0%, Standard solution

Analysis 
Samples:  Blank and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × P × F1 × (1/F2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of azithromycin from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F1= unit conversion factor, 0.001 mg/µg
F2= relative response factor (see Impurity Table 1)

Acceptance criteria 
[Note—The reporting level for impurities is 0.1%. Disregard any peaks in the Sample

solution that correspond to peaks in the Blank.]
Individual impurities:  See Impurity Table 1.
Total impurities:  See Impurity Table 1.

Impurity Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Azithromycin 3¢-N-oxide 0.28 0.45 1.0
3¢-(N,N-Didemethyl)-3¢-N-formylazithromycin 0.38 1.9 1.0
3¢-(N,N-

Didemethyl)azithromycin(aminoazithromycin) 0.40 0.52 0.5

Desosaminylazithromycin 0.47 1.1 0.5

Azithromycin related compound Fa 0.53 4.8 1.0
3¢-N-Demethylazithromycin 0.57 0.53 0.7
3¢-De(dimethylamino)-3¢-oxoazithromycin 0.78 1.6 1.0
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6-Demethylazithromycin (azaerythromycin A)b 0.82 — —
Azithromycin 1.0 — —

3-Deoxyazithromycin (azithromycin B)b 1.3 — —
3¢-N-Demethyl-3¢-N-[(4-

methylphenyl)sulfonyl]azithromycinb 1.4 — —

Any other unspecified impurity — 1.0 0.2

Total impuritiesb — — 5.0

a 3¢-(N-Demethyl)-3¢-N-formylazithromycin.
b These compounds are synthetic process impurities of azithromycin. They are controlled in

the drug substance and are listed here for information only. The total impurities
specification does not include these impurities.

Protect all solutions containing azithromycin from light using low-actinic glassware. Refrigerate
the Standard solution and the Sample solution after preparation and during analysis, using

a refrigerated autosampler set at 4 . The solutions must be analyzed within 24 h of
preparation.
Solution A:  Water and ammonium hydroxide (2000: 1.2). The pH of this solution is about

10.5.
Solution B:  Acetonitrile, methanol, and ammonium hydroxide (1800: 200: 1.2)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 54 46
20 54 46
35 10 90

35.1 54 46
40 54 46

Buffer:  1.7 g/L of monobasic ammonium phosphate in water. Adjust with ammonium
hydroxide to a pH of 10.

Diluent A:  Methanol, acetonitrile, and Buffer (350:300:350)
Diluent B:  Methanol and Buffer (1:1)
System suitability stock solution:  0.1 mg/mL each of USP Desosaminylazithromycin RS

and USP Azithromycin Related Compound F RS in acetonitrile
System suitability solution:  0.028 mg/mL each of USP Desosaminylazithromycin RS and

USP Azithromycin Related Compound F RS from System suitability stock solution in Diluent
A

Standard stock solution:  0.4 mg/mL of USP Azithromycin RS in acetonitrile. Sonicate and
shake as needed to dissolve.

Standard solution:  0.02 mg/mL of azithromycin from Standard stock solution in Diluent A
Sensitivity solution:  0.004 mg/mL of azithromycin from Standard solution in Diluent A
Sample stock solution:  Nominally 14.3 mg/mL of azithromycin prepared as follows. Weigh

and finely powder NLT 20 Tablets. Transfer nominally 1430 mg of azithromycin to a 100-
mL volumetric flask. Add 75 mL of acetonitrile, and sonicate for NLT 15 min. Shake by
mechanical means for NLT 15 min. Allow the solution to equilibrate to room temperature,
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dilute with acetonitrile to volume, and mix.
Sample solution:  Nominally 4 mg/mL of azithromycin prepared as follows. Centrifuge an

aliquot of the Sample stock solution for NLT 15 min. Transfer 7.0 mL of the supernatant
to a 25-mL volumetric flask, and dilute with Diluent B to volume.

Blank:  Diluent A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  50
Flow rate:  1.2 mL/min

Autosampler temperature:  4
Injection volume:  100 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Resolution:  NLT 1.0 between desosaminylazithromycin and azithromycin related

compound F, System suitability solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Sample solution and Blank

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × P × F1 × (1/F2) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of azithromycin from the Standard solution
CS= concentration of USP Azithromycin RS in the Standard solution (mg/mL)
CU= nominal concentration of azithromycin in the Sample solution (mg/mL)
P= potency of USP Azithromycin RS (µg/mg)
F1= conversion factor, 0.001 mg/µg
F2= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. The reporting level for impurities is 0.1%. Disregard
any peaks in the Sample solution that correspond to peaks in the Blank.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Azithromycin N-oxidea 0.20 0.42 1.0

3¢-(N,N-Didemethyl)-3¢-N-formylazithromycinb 0.29 1.7 1.0
3¢-(N,N-

Didemethyl)azithromycin(aminoazithromycin)c 0.34 0.49 0.5
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Azithromycin related compound Fd 0.42 4.3 1.0

Desosaminylazithromycine 0.46 1.1 0.5

N-Demethylazithromycinf 0.50 0.54 0.7

3¢-De(dimethylamino)-3¢-oxoazithromycing 0.87 1.4 1.0

Azaerythromycin Ah,i 0.94 — —

Azithromycin 1.0 — —

2-Desethyl-2-propylazithromycinh,j 1.10 — —

3¢-N-Demethyl-3¢-N-[(4-
methylphenyl)sulfonyl]azithromycinh,k 1.11

— —

3-Deoxyazithromycin (azithromycin B)h,l 1.14 — —

Any individual unspecified impurityh — 1.0 0.2

Total impuritiesh — — 5.0
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a  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylazinoyl)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

b  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-formamido-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

c  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-amino-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-
15-one.

d  3¢-(N-Demethyl)-3¢-N-formylazithromycin; (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-
[(2,6-Dideoxy-3-C-methyl-3-O-methyl- -l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-

trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-[[3-(N-methyl)formamido-3,4,6-trideoxy-
-d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

e  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

f  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-methylamino- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.

g  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3,3-dimethyl- -l-ribo-
hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-oxo- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-
one.

h  Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only. The unspecified impurities and total impurities
limits do not include these impurities.

i  9-Deoxo-9a-aza-9a-homoerythromycin A.
j  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-

-l-ribo-hexopyranosyl)oxy]-2-propyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-

11-[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one dihydrate.

k  (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3-[N-(4-methylphenylsulfonyl)-N-methylamino]-3,4,6-trideoxy- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one.

l  (2R,3R,4S,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-4,10-dihydroxy-3,5,6,8,10,12,14-heptamethyl-11-

[[3,4,6-trideoxy-3-(dimethylamino)- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one.
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Azaerythromycin A RS 

 
USP Azithromycin RS 
USP Azithromycin Related Compound F RS  

3¢-(N-Demethyl)-3¢-N-formylazithromycin; 
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-Dideoxy-3-C-methyl-3-O-methyl-
-l-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,6,8,10,12,14-heptamethyl-

11-[[3-(N-methyl)formamido-3,4,6-trideoxy- -d-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecan-15-one. 
C38H70N2O13      762.97

USP Desosaminylazithromycin RS  
(2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-2-Ethyl-3,4,10,13-tetrahydroxy-

3,5,6,8,10,12,14-heptamethyl-11-[[3,4,6-trideoxy-3-dimethylamino- -d-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecan-15-one. 
C30H58N2O9      590.79

BRIEFING

Benzyl Benzoate, USP 36 page 2630. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. Replace the titration procedure in the Assay with a validated liquid chromatographic
method. The Limit of Aldehydes test is replaced with an updated test for Organic
Impurities, which includes more relevant impurities. The HPLC procedures in the
Assay and the test for Organic Impurities are now similar and are based on analyses
performed with the Agilent Zorbax Eclipse Plus C18 column with the 3.5-µm
stationary phase in the L1 column. In the Assay and the test for Organic Impurities,
the typical retention time for benzyl benzoate is about 11.8 min.

2. An orthogonal Identification test B is added to strengthen the monograph requirements.
3. The acceptance criteria in the Definition and resulting Acceptance criteria in the Assay

are revised to be consistent with typical HPLC procedures.
4. The three reference standards needed in the test for Organic Impurities are added to

the USP Reference Standards section.

(SM1: A. Martin-Esker, S. Shivaprasad.)
Correspondence Number—C123398

Comment deadline: January 31, 2014
Benzyl Benzoate
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C14H12O2       212.24 

Benzoic acid, phenylmethyl ester;     
Benzyl benzoate     [120-51-4].

DEFINITION

Change to read:

Benzyl Benzoate contains NLT 99.0% and NMT 100.5%
NLT 98.0% and NMT 102.0%

of benzyl benzoate (C14H12O2).

IDENTIFICATION

•  A. Infrared Absorption 197F

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  2 g of Benzyl Benzoate
Analysis:  Transfer the Sample to a conical flask fitted with a reflux condenser. Add 50.0

mL of 0.5 N alcoholic potassium hydroxide VS, and boil gently for 1 h. Cool, add
phenolphthalein TS, and titrate with 0.5 N hydrochloric acid VS. Perform a blank

determination (see Titrimetry 541 ). Each mL of 0.5 N alcoholic potassium hydroxide is
equivalent to 106.1 mg of Benzyl Benzoate (C14H12O2).

Acceptance criteria:  99.0%–100.5%
Solution A:  0.1% phosphoric acid
Diluent:  Acetonitrile and water (50:50)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Acetonitrile
(%)
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0 65 35
8 35 65
13 35 65

13.1 65 35
18 65 35

Benzyl ether impurity stock solution:  0.2 mg/mL of benzyl ether in Diluent
System suitability solution:  0.2 mg/mL of USP Benzyl Benzoate RS and 2 µg/mL of

benzyl ether prepared as follows. Dilute 20 mg of USP Benzyl Benzoate RS in an
appropriately sized volumetric flask with 1 mL of Benzyl ether impurity stock solution,
and dilute with Diluent to volume.

Standard solution:  0.2 mg/mL of USP Benzyl Benzoate RS in Diluent
Sample solution:  0.2 mg/mL of Benzyl Benzoate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3.0- or 3.5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.5 between benzyl benzoate and benzyl ether, System suitability
solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of benzyl benzoate (C14H12O2) in the portion of Benzyl
Benzoate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of benzyl benzoate from the Sample solution
rS= peak response of benzyl benzoate from the Standard solution
CS= concentration of USP Benzyl Benzoate RS in the Standard solution (mg/mL)
CU= concentration of Benzyl Benzoate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0%

IMPURITIES

Delete the following:
•  Limit of Aldehydes

Sample solution: Transfer 10.0 g to a 125-mL conical flask containing 50 mL of alcohol and
5 mL of hydroxylamine hydrochloride solution (3.5 in 100), mix, and allow to stand for 10
min.
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Analysis: Add 1 mL of bromophenol blue TS, and titrate with 0.1 N sodium hydroxide VS to
a light green endpoint. Perform a blank determination, and match the color of the endpoint
with that of the titrated Sample solution.

Acceptance criteria: The net volume of 0.1 N sodium hydroxide consumed does not exceed
0.50 mL (0.05% as benzaldehyde).

Add the following:
•  Organic Impurities

Solution A, Diluent, Mobile phase, System suitability solution, and Chromatographic
system:  Proceed as directed in the Assay.

Impurity stock solution:  1.0 µg/mL each of USP Benzoic Acid RS, USP Benzyl Alcohol RS,
benzyl ether, and USP Benzyl Benzoate RS, and 0.5 µg/mL of USP Benzaldehyde RS in
Diluent

Standard solution:  0.4 µg/mL each of USP Benzyl Benzoate RS, USP Benzoic Acid RS, USP
Benzyl Alcohol RS, and benzyl ether, and 0.2 µg/mL of USP Benzaldehyde RS in Diluent
prepared by proper dilution of the Impurity stock solution

Sample solution:  0.4 mg/mL of Benzyl Benzoate in Diluent
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.5 between benzyl benzoate and benzyl ether, System suitability
solution

Relative standard deviation:  NMT 3.0% for each peak, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Benzyl Benzoate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of each impurity from the Standard solution
CS= concentration of each impurity in the Standard solution (µg/mL)
CU= concentration of each impurity in the Sample solution (µg/mL)

Calculate the percentage of any unspecified impurity in the portion of Benzyl Benzoate
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of benzyl benzoate from the Standard solution
CS= concentration of USP Benzyl Benzoate RS in the Standard solution (µg/mL)
CU= concentration of each impurity in the Sample solution (µg/mL)

Acceptance criteria:  See Table 2.

Table 2
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Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Benzyl alcohol 0.27 0.1
Benzoic acid 0.32 0.1
Benzaldehyde 0.45 0.05
Benzyl benzoate 1.0 —
Benzyl ether 1.04 0.1
Any unspecified impurity — 0.10
Total impurities — 1.0

SPECIFIC TESTS

•  Specific Gravity 841 : 1.116–1.120

•  Congealing Temperature 651
Analysis:  Congelation may be brought about by the addition of a fragment of previously

congealed Benzyl Benzoate when the temperature has reached the expected congealing
temperature.

Acceptance criteria:  NLT 18.0

•  Refractive Index 831 : 1.568–1.570 at 20
•  Acidity

Analysis:  Add 2 drops of phenolphthalein TS to 25 mL of alcohol, and add 0.020 N sodium
hydroxide until a pink color is produced. Add 5.0 g of Benzyl Benzoate, and titrate with
0.020 N sodium hydroxide.

Acceptance criteria:  NMT 1.5 mL of 0.020 N sodium hydroxide is required to restore the
pink color.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, well-filled, light-resistant containers, and avoid

exposure to excessive heat.

Change to read:

•  USP Reference Standards 11
USP Benzaldehyde RS  

Benzaldehyde. 
C7H6O      106.12

USP Benzoic Acid RS  
Benzoic acid. 
C7H6O2      122.12

USP Benzyl Alcohol RS  
Phenylmethanol. 
C7H8O      108.14

USP Benzyl Benzoate RS 

BRIEFING

Biotin, USP 36 page 2664. On the basis of comments received, it is proposed to revise the
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Definition.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(DS: H. Dinh.)
Correspondence Number—C132334

Comment deadline: January 31, 2014
Biotin

C10H16N2O3S       244.31 

1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, [3aS-(3a ,4 ,6a )]-;     
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid     [58-85-5].

DEFINITION

Change to read:

Biotin contains NLT 97.5% and NMT 100.5%
102.0%

of biotin (C10H16N2O3S).

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. It meets the requirements in Specific Tests for Optical Rotation 781S , Specific
Rotation.

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer solution:  Dissolve 1 g of sodium perchlorate monohydrate in 500 mL of water, add 1
mL of phosphoric acid, and dilute with water to 1000 mL.

Mobile phase:  Acetonitrile and Buffer solution (8.5: 91.5)
Diluent:  Acetonitrile and water (1:4)
Standard solution:  0.1 mg/mL of USP Biotin RS in Diluent. Sonicate if necessary to
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dissolve.
Sample solution:  0.1 mg/mL of Biotin in Diluent. Sonicate if necessary to dissolve.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 200 nm
Column:  4.6-mm × 15-cm; 3-µm packing L7
Flow rate:  1.2 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0% for replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of biotin (C10H16N2O3S) in the portion of Biotin taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Biotin RS in the Standard solution (mg/mL)
CU= concentration of Biotin in the Sample solution (mg/mL)

Acceptance criteria:  97.5%–100.5%
102.0%

IMPURITIES
•  Related Compounds

Buffer solution, Mobile phase, Diluent, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Measure the peak responses of the Sample solution. Calculate the percentage of each
impurity in the portion of Biotin taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of the peak responses of all the peaks from the Sample solution

Acceptance criteria 
Individual impurity:  NMT 1.0%
Total impurities:  NMT 2.0%

SPECIFIC TESTS
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•  Optical Rotation, Specific Rotation 781S
Sample solution:  20 mg/mL in 0.1 N sodium hydroxide

Acceptance criteria:  +89  to +93

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Store in tight containers.

•  USP Reference Standards 11
USP Biotin RS 

BRIEFING

Citalopram Hydrobromide, page 5966 of the First Supplement to USP 36 and the Revision
Bulletin posted on the USP website with an official date of January 1, 2013. Based upon
comments received, it is proposed to revise the monograph as follows:

1. Add a System suitability solution and a resolution requirement to the Assay to
strengthen the public standard.

2. Revise the Run time in the Assay to allow for longer run times.
3. Add a tailing factor requirement to Organic Impurities, Procedure 2, to strengthen the

public standard.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: H. Joyce.)
Correspondence Number—C122242

Comment deadline: January 31, 2014
Citalopram Hydrobromide

C20H21FN2O·HBr       405.30 

5-Isobenzofurancarbonitrile, 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydro-,
monohydrobromide;     
1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarbonitrile monohydrobromide    
[59729-32-7].

DEFINITION

Citalopram Hydrobromide contains NLT 98.0% and NMT 102.0% of citalopram hydrobromide
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(C20H21FN2O·HBr), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  C. Identification Tests—General, Bromide 191
Sample solution:  10 mg/mL of Citalopram Hydrobromide in water
Acceptance criteria:  Meets the requirements of the silver nitrate precipitate test

ASSAY

Change to read:
•  Procedure

Buffer:  Dissolve 1 g of sodium acetate in 800 mL of water, and add 6 mL of triethylamine.
Adjust with acetic acid to a pH of 4.6, and dilute with water to 1 L.

Mobile phase:  Acetonitrile and Buffer (20:80). The apparent pH is 5.0 ± 0.1. Make
adjustments, if necessary.

Diluent:  Methanol and water (50:50)
System suitability solution:  1 µg/mL each of USP Citalopram Hydrobromide RS and USP
Citalopram Related Compound D RS in Diluent

Standard solution:  0.625 mg/mL of USP Citalopram Hydrobromide RS in Diluent
Sample solution:  0.625 mg/mL of Citalopram Hydrobromide in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 239 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  50
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  
NLT
1.3 times the retention time of citalopram

System suitability 
Samples:  
System suitability solution and

Standard solution
Suitability requirements 

Resolution:  NLT 1.8 between citalopram related compound D and citalopram, System
suitability solution

Column efficiency:  NLT 3000 theoretical plates,
Standard solution

Tailing factor:  NMT 3.0,
Standard solution

Relative standard deviation:  NMT 2.0%,
Standard solution 
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Analysis 
Samples:  Diluent, Standard solution, and Sample solution

Verify that there are no interfering peaks, using the Diluent. 
Calculate the percentage of citalopram hydrobromide (C20H21FN2O·HBr) in the portion of
Citalopram Hydrobromide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution (mg/mL)
CU= concentration of Citalopram Hydrobromide in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281
Analysis:  Moisten the sample with 2 mL of nitric acid and 5 drops of sulfuric acid.
Acceptance criteria:  NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities, Procedure 1
[Note—On the basis of the synthetic route used, perform either Procedure 1 or Procedure 2.

However, if the chloro and bromo analogs are potential related compounds in the synthetic
route used, Procedure 2 is recommended.]

Buffer, Mobile phase, Diluent,
System suitability solution,

and Sample solution:  Proceed as directed in the Assay.
System suitability solution:  1 µg/mL each of USP Citalopram Hydrobromide RS and USP

Citalopram Related Compound D RS in Diluent
 

Standard solution:  0.625 µg/mL of USP Citalopram Hydrobromide RS in Diluent
Sensitivity solution:  0.0625 µg/mL of USP Citalopram Hydrobromide RS in Diluent
Chromatographic system:  Proceed as directed in the Assay, except use a Run time of
1.7 times the retention time of citalopram.

System suitability 
Samples:  System suitability solution and Sensitivity solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.8 between citalopram related compound D and citalopram, System
suitability solution

Tailing factor:  0.8–1.5 for citalopram, System suitability solution
Relative standard deviation:  NMT 5% for citalopram, System suitability solution
Signal-to-noise ratio:  NLT 3, Sensitivity solution

Analysis 
Samples:  Diluent, Standard solution, and Sample solution
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Verify that there are no interfering peaks, using the Diluent. 
Calculate the percentage of each impurity in the portion of Citalopram Hydrobromide
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of citalopram from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution (mg/mL)
CU= concentration of Citalopram Hydrobromide in the Sample solution (mg/mL)
Mr1= molecular weight of citalopram, 324.39
Mr2= molecular weight of citalopram hydrobromide, 405.30
F = relative response factor (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor
a

Acceptance
Criteria,
NMT (%)

Citalopram ketoneb 0.13 0.34 0.1
Citalopram related compound A 0.18 0.77 0.1

Citalopram open ringc 0.26 0.99 0.1
Citalopram related compound B

d 0.40 0.98 0.1
Citalopram related compound C 0.67 0.69 0.1
Citalopram related compound D 0.90 1.04 0.1
Citalopram 1.0 — —
Citalopram related compound E

e 1.29 0.91 0.1
Individual unknown impurity — 1.0 0.1
Total impurities — — 0.5

a  The relative response factors provided are for each impurity relative to citalopram (free
base).

b  4-(Dimethylamino)-1-{1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-
dihydroisobenzofuran-5-yl}butan-1-one.

c  4-[4-(Dimethylamino)-1-(4-fluorophenyl)-1-hydroxybutyl]-3-
(hydroxymethyl)benzonitrile.

d  1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5-
carbonitrile.

e  1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
carbonitrile-N-oxide.

Change to read:

(RB 1-Jan-2013)

(RB 1-Jan-2013)

(RB 1-Jan-2013)

(RB 1-Jan-2013)

(RB 1-Jan-2013)

(RB 1-Jan-2013)
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•  Organic Impurities, Procedure 2
Buffer:  To each L of 2.7 g/L of monobasic potassium phosphate in water prepared, add 1

mL of N,N-dimethyloctylamine, and adjust with phosphoric acid to a pH of 3.0.
Solution A:  Methanol, tetrahydrofuran, and Buffer (24:6:70)
Solution B:  Acetonitrile and Buffer (80:20)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
18 100 0
40 10 90
45 10 90
46 100 0
55 100 0

Diluent:  Acetonitrile and Buffer (30:70)
System suitability solution:  1.5 µg/mL each of USP Citalopram Hydrobromide RS, USP
Citalopram Related Compound A RS, USP Citalopram Related Compound C RS, USP
Citalopram Related Compound D RS, USP Citalopram Related Compound G RS, and USP
Citalopram Related Compound H RS in Diluent
Standard solution:  1.5 µg/mL of USP Citalopram Hydrobromide RS in Diluent

Sample solution:  1.5 mg/mL of Citalopram Hydrobromide in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 224 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  0.8 mL/min
Injection volume:  10 µL

System suitability 
Sample:  
System suitability solution

[Note—See Table 3 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between citalopram and citalopram related compound D; NLT 4.0
between citalopram related compound G and citalopram related compound H
Tailing factor:  NMT 1.5 for citalopram

Relative standard deviation:  NMT 2.0% for citalopram
Analysis 

Samples:  
System suitability solution,

Standard solution, and Sample solution 
Chromatograph the System suitability solution, and identify the components on the basis
of their relative retention times, as shown in Table 3.

(RB 1-Jan-2013)

(RB 1-Jan-2013)
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Calculate the percentage of each impurity in the portion of Citalopram Hydrobromide
taken:

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

rU= peak area of each impurity from the Sample solution
rS= peak area of citalopram from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution (mg/mL)
CU= concentration of Citalopram Hydrobromide in the Sample solution (mg/mL)
F = relative response factor (see Table 3)

Acceptance criteria:  See Table 3.

Table 3

Name

Relative
Retention

Time

Relative
Response
Factora

Acceptance
Criteria,
NMT (%)

Bromideb 0.24 — —
Citalopram related compound A 0.40 0.73 0.15
Citalopram related compound C 0.88 1.7 0.15
Citalopram 1.0 — —
Citalopram related compound D 1.09 0.93 0.15
Citalopram related compound G 2.20 1.2 0.15
Citalopram related compound H 2.30 1.1 0.15
Individual unspecified impurity — 1.0 0.1
Total impurities — — 0.75

a  The relative response factors provided are for each impurity relative to citalopram
hydrobromide.

b  This peak is due to the counterion. It is not an impurity and should not be included in the
Total impurities.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  25 mg/mL of Citalopram Hydrobromide in methanol

Acceptance criteria:  –0.2  to +0.2  at 20

•  pH 791
Sample solution:  5 mg/mL of Citalopram Hydrobromide in water
Acceptance criteria:  5.5–6.5

•  Water Determination, Method I 921
Sample:  250 mg of Citalopram Hydrobromide
Acceptance criteria:  NMT 0.5%

•  Completeness of Solution

(RB 1-Jan-2013)

(RB 1-Jan-2013)
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Blank:  96% alcohol
Sample solution:  25 mg/mL of Citalopram Hydrobromide in 96% alcohol
Analytical wavelength:  410 nm
Acceptance criteria:  Absorbance is NMT 0.040 in a 1-cm quartz cell

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature.
•  Labeling: If a procedure for Organic Impurities other than Procedure 1 is used, then the

labeling states with which Organic Impurities procedure the article complies.

Change to read:

•  USP Reference Standards 11
USP Citalopram Hydrobromide RS 
USP Citalopram Related Compound A RS  

1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-
carboxamide. 
C20H23FN2O2       342.41

USP Citalopram Related Compound C RS  
3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone
oxalate. 
C20H19FN2O2·C2H2O4      428.42

USP Citalopram Related Compound D RS 
[Note—May be available as a hydrochloride or a hydrobromide salt. ]

1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-
carbonitrile hydrochloride. 
C19H19FN2O·HCl      346.83 
1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-
carbonitrile hydrobromide. 
C19H19FN2O·HBr      391.28

USP Citalopram Related Compound G RS  
3-[5-Chloro-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-
dimethylpropan-1-amine hydrobromide. 
C19H21ClFNO·HBr       414.74

USP Citalopram Related Compound H RS  
3-[5-Bromo-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-
dimethylpropan-1-amine hydrobromide. 
C19H21BrFNO·HBr      459.19

BRIEFING

Clofazimine, USP 36 page 3046. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. Replace the titration Assay and thin-layer chromatographic Organic Impurities test with
an HPLC-based Assay and Organic Impurities procedure. The HPLC procedure is
adopted from the Clofazimine monograph in the European Pharmacopoeia, 7th

(RB 1-Jan-2013)
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edition, Related Substances. The HPLC procedures in the Assay and the test for
Organic Impurities are based on analyses performed with the Merck KGaA
Lichrospher 100 RP-8e brand of L7 column. The typical retention times for the
clofazimine and clofazimine related compound B peaks in the Assay and Organic
Impurities are 14 min and 12 min, respectively.

2. Replace the current Identification test A for Infrared Absorption 197S  using the

toxic solvent methylene chloride with 197A  or 197K  using a neat sample or
pellet preparation, respectively.

3. Identification test B is changed to strengthen the monograph requirements and to add
an orthogonal test to the existing IR test found in Identification test A now based on
HPLC in the Assay method.

4. The USP Reference Standards section is revised to add the necessary standards for
preparation of the System suitability solution in the Assay.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Martin-Esker, S. Shivaprasad.)
Correspondence Number—C118198

Comment deadline: January 31, 2014
Clofazimine

C27H22Cl2N4       473.40 

2-Phenazinamine, N,5-bis(4-chlorophenyl)-3,5-dihydro-3-[(1-methylethyl)imino]-;     
3-(p-Chloroanilino)-10-(p-chlorophenyl)-2,10-dihydro-2-(isopropylimino)phenazine     [2030-63-
9].

DEFINITION

Clofazimine contains NLT 98.5% and NMT 101.5% of clofazimine (C27H22Cl2N4), calculated on
the dried basis.

IDENTIFICATION

Delete the following:

•  A. Infrared Absorption 197S
Sample solution: 5% solution in methylene chloride

PF 39(6): Nov.-Dec. 2013 220



Acceptance criteria: Meets the requirements

Add the following:

•  A. Infrared Absorption 197 : Use 197A  or 197K . 

Change to read:
•  B. The RF value of the principal spot of the Sample solution corresponds to that of Standard

solution A, as obtained in Organic Impurities.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Sample:  300 mg of Clofazimine
Analysis:  Dissolve the Sample in 5 mL of chloroform, with the aid of heat if necessary. Add

20 mL of acetone and 5 mL of glacial acetic acid, and titrate with 0.1 N perchloric acid VS
in glacial acetic acid, using a glass electrode and a calomel electrode with a saturated
solution of potassium chloride as the bridge fluid and agar gel as the bridge. Perform a
blank determination, and make any necessary correction. Each mL of 0.1 N perchloric acid
is equivalent to 47.34 mg of clofazimine (C27H22Cl2N4).

Acceptance criteria:  NLT 98.5% and NMT 101.5% on the dried basis
Buffer:  4.5 mg/mL of sodium dodecyl sulfate, 1.7 mg/mL of tetra butyl ammonium
hydrogen sulfate, and 1.8 mg/mL of disodium hydrogen phosphate in water. Adjust with
dilute phosphoric acid to a pH of 3.0 in 90% of the volume before diluting with water to
volume.
Mobile phase:  Acetonitrile and Buffer (65:35)
System suitability solution:  0.5 mg/mL of USP Clofazimine RS and 1.5 µg/mL of USP

Clofazimine Related Compound B RS in Mobile phase
Standard solution:  0.05 mg/mL of USP Clofazimine RS in Mobile phase
Sample solution:  0.05 mg/mL of Clofazimine in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.0 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between the clofazimine and clofazimine related compound B
peaks, System suitability solution

Tailing factor:  NMT 1.5 for the clofazimine peak, Standard solution
Relative standard deviation:  NMT 0.73% for the clofazimine peak, Standard

solution
Analysis 

USP38

USP38

USP38
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Samples:  Standard solution and Sample solution

Calculate the percentage of clofazimine (C27H22Cl2N4) in the portion of Clofazimine
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
CU= concentration of Clofazimine in the Sample solution (mg/mL)

Acceptance criteria:  98.5%–101.5% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities

Solution A:  Ammonium hydroxide and water (1 in 100). Prepare this solution fresh daily.
Standard solution A:  0.5 mg/mL of USP Clofazimine RS in methylene chloride
Standard solution B:  0.25 mg/mL of USP Clofazimine RS from Standard solution A in

methylene chloride
Standard solution C:  0.1 mg/mL of USP Clofazimine RS from Standard solution A in

methylene chloride
Sample solution:  50 mg/mL of Clofazimine in methylene chloride
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  5 µL
Developing solvent system:  Methylene chloride and n-propyl alcohol (10:1)
Chromatographic plate:  Immediately before use, expose the plate to ammonia vapors

for 30 min by suspending the plate in a tank containing a shallow layer of approximately
25 mL of Solution A. Prevent the plate from coming into contact with the liquid.

Analysis 
Samples:  Standard solution A, Standard solution B, Standard solution C, and Sample

solution

Allow the spots to dry, and develop the chromatogram in the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Remove the
plate from the developing chamber, mark the solvent front, and air-dry. Examine the
plate under short-wavelength UV light, and compare the intensities of any secondary
spots of the Sample solution with those of the principal spots of the Standard
solutions.

Acceptance criteria 
Individual impurities:  NMT 1.0%; no secondary spot from the Sample solution is larger

USP38
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or more intense than the principal spot from Standard solution A.
Total impurities:  NMT 2.0%; the sum of the intensities of the secondary spots from the

Sample solution
Buffer, Mobile phase, System suitability solution, Chromatographic system, and
Suitability requirements:  Proceed as directed in the Assay.
Standard solution:  0.5 mg/mL of USP Clofazimine RS in Mobile phase
Sample solution:  0.5 mg/mL of Clofazimine in Mobile phase
Analysis 

Samples:   Standard solution and Sample solution

Calculate the percentage of clofazimine related compound B in the portion of
Clofazimine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clofazimine related compound B from the Sample solution
rS= peak response of clofazimine related compound B from the Standard solution
CS= concentration of USP Clofazimine Related Compound B RS in the Standard solution

(mg/mL)
CU= concentration of Clofazimine in the Sample solution (mg/mL)

Calculate the percentage of unspecified impurities in the portion of Clofazimine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of clofazimine from the Standard solution
CS= concentration of USP Clofazimine RS in the Standard solution (mg/mL)
CU= concentration of Clofazimine in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Clofazimine related compound Ba 0.81 1.0
Clofazimine 1.00 —
Any unspecified impurity — 0.10
Total impurities — 2.0

a  5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 0.5%

USP38
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ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers at room temperature.

Change to read:

•  USP Reference Standards 11
USP Clofazimine RS 
USP Clofazimine Related Compound B RS  

5-(4-Chlorophenyl)-3-(isopropylimino)-N-phenyl-3,5-dihydrophenazin-2-amine. 
C27H23ClN4      438.95

BRIEFING

Clotrimazole, USP 36 page 3070. As part of the USP monograph modernization initiative, it is
proposed to replace the chromatographic procedure in the Assay with a validated stability-
indicating HPLC method similar to that in the Organic Impurities test. The proposed change
in the test for Organic Impurities provides a single procedure capable of separating all of the
related compounds in one HPLC test. This procedure eliminates the need for the two current
Organic Impurities test procedures, Procedure 1: Limit of Imidazole and Procedure 2: Limit
of Clotrimazole Related Compound A. These two procedures are therefore deleted, and a
single new Organic Impurities test is proposed.

The HPLC procedures in the Assay and in the test for Organic Impurities are based on analyses
performed with an L## column. [Note—A suitable column is the Acclaim Mixed-Mode WCX-1
column available at www.thermofisher.com.]The typical retention time for the clotrimazole
peak is 8 min.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Martin-Esker, S. Shivaprasad.)
Correspondence Number—C123398

Comment deadline: January 31, 2014
Clotrimazole

C22H17ClN2       344.84 

1H-Imidazole, 1-[(2-chlorophenyl)diphenylmethyl]-;     
1-(o-Chloro- , -diphenylbenzyl)imidazole     [23593-75-1].

DEFINITION

USP38
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Clotrimazole contains NLT 98.0% and NMT 102.0% of clotrimazole (C22H17ClN2), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  4.35 mg/mL of dibasic potassium phosphate
Mobile phase:  Acetonitrile and Buffer (3:1). Pass through a membrane filter having a 0.2-

µm or finer pore size. The ratio of volumes may be changed to obtain the required
resolution.

Standard solution:  0.5 mg/mL of USP Clotrimazole RS in methanol
System suitability solution:  0.1 mg/mL each of USP Clotrimazole RS and USP

Clotrimazole Related Compound A RS in methanol
Sample solution:  0.5 mg/mL of Clotrimazole in methanol
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Samples:  Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole and clotrimazole related compound A

are 1.0 and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between clotrimazole and clotrimazole related compound A,
System suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of clotrimazole (C22H17ClN2) in the portion of Clotrimazole
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clotrimazole from the Sample solution
rS= peak response of clotrimazole from the Standard solution
CS= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)

PF 39(6): Nov.-Dec. 2013 225



CU= concentration of Clotrimazole in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis
Buffer:  0.3 g/L of anhydrous monobasic sodium phosphate and 0.35 g/L of anhydrous
dibasic sodium phosphate in water. Adjust with phosphoric acid to a pH of 6.8 ± 0.2 if
necessary.
Diluent:  Acetonitrile and water (1:1)
Mobile phase:  Acetonitrile and Buffer (1:1)
Standard solution:  0.2 mg/mL of USP Clotrimazole RS in Diluent
Sample solution:  0.2 mg/mL of Clotrimazole in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 206 nm
Column:  4.6-mm × 15-cm; 5-µm packing L##
Flow rate:  1 mL/min
Injection volume:  8 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution 

Calculate the percentage of clotrimazole (C22H17ClN2) in the portion of Clotrimazole
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clotrimazole from the Sample solution
rS= peak response of clotrimazole from the Standard solution
CS= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU= concentration of Clotrimazole in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

•  Procedure 1: Limit of Imidazole
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Standard solution:  500 µg/mL of USP Imidazole RS in chloroform
Sample solution:  100 mg/mL of Clotrimazole in chloroform
Application volume:  5 µL

USP38
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Developing solvent system:  Methanol and chloroform (3:2)
Analysis 

Samples:  Standard solution and Sample solution

Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. After
air-drying the plate for 5 min, place it in a closed container with a dish containing 100
g of iodine in a shallow layer, and allow to remain for 60 min. Remove the plate from
the container, and observe the chromatogram.

Acceptance criteria:  Any brown spot from the Sample solution at an RF value
corresponding to the principal spot from the Standard solution is not greater in size or
intensity than the principal spot from the Standard solution: NMT 0.5% of imidazole.

•  Procedure 2: Limit of Clotrimazole Related Compound A
Buffer, Mobile phase, System suitability solution, and Chromatographic system:

 Proceed as directed in the Assay.
Standard solution:  50 µg/mL of USP Clotrimazole Related Compound A RS prepared by

dissolving in methanol using about 75% of the final flask volume. Dilute with Buffer to
volume.

Sample solution:  Transfer 100 mg of Clotrimazole to a 10-mL volumetric flask, add 5 mL
of methanol to dissolve, add 2.5 mL of Buffer, dilute with methanol to volume, and mix.

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of clotrimazole related compound A in the portion of
Clotrimazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clotrimazole related compound A from the Sample solution
rS= peak response of clotrimazole related compound A from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  NMT 0.5%
Buffer, Diluent, Mobile phase, Sample solution, and Chromatographic system:
 Proceed as directed in the Assay.
Standard solution:  1 µg/mL each of USP Clotrimazole RS, USP Clotrimazole Related

Compound A RS, and USP Imidazole RS in Diluent
System suitability 

Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 4 between the clotrimazole related compound A and imidazole peaks
and between the clotrimazole and clotrimazole related compound A peaks

Relative standard deviation:  NMT 3.0% for the peaks for clotrimazole, clotrimazole
related compound A, and imidazole

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of clotrimazole related compound A or imidazole in the portion
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of Clotrimazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of clotrimazole related compound A or imidazole from the Sample
solution

rS= peak response of clotrimazole related compound A or imidazole from the Standard
solution

CS= concentration of USP Clotrimazole Related Compound A RS or USP Imidazole RS in
the Standard solution (mg/mL)

CU= concentration of Clotrimazole in the Sample solution (mg/mL)

Calculate the percentage of any unspecified impurity in the portion of Clotrimazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of clotrimazole from the Standard solution
CS= concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
CU= concentration of Clotrimazole in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Imidazole 0.5 0.5
Clotrimazole related compound Aa 0.7 0.5

Clotrimazole 1.00 —
Any unspecified impurity — 0.10
Total impurities — 2.0

a  (o-Chlorophenyl)diphenylmethanol.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Clotrimazole RS 
USP Clotrimazole Related Compound A RS  

(o-Chlorophenyl)diphenylmethanol.     
C19H15ClO      294.78

USP Imidazole RS 

USP38
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BRIEFING

Cyclobenzaprine Hydrochloride Tablets, USP 36 page 3119. As part of the USP monograph
modernization effort, the following revisions are proposed:

1. Revise the HPLC procedure in the Assay to be consistent with the testing conditions in
the test for Organic Impurities in the Cyclobenzaprine Hydrochloride monograph
proposed in PF 38(4). This procedure is based on analyses performed with the Inertsil
C8-3 brand of L7 column. The typical retention time of the cyclobenzaprine peak is
about 14 min.

2. Add a stability-indicating HPLC test for Organic Impurities based on the Assay
procedure.

3. Include a storage condition that is consistent with an FDA-approved drug product label.
4. An equation is added to the Dissolution test based on current USP style.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R.-H. Yeh.)
Correspondence Number—C120149

Comment deadline: January 31, 2014
Cyclobenzaprine Hydrochloride Tablets

DEFINITION

Cyclobenzaprine Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of cyclobenzaprine hydrochloride (C20H21N·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197M
Sample:  Transfer an amount equivalent to 50 mg of cyclobenzaprine hydrochloride from a

quantity of finely powdered Tablets to a small flask. Add 10 mL of methylene chloride,
swirl to dissolve, and filter. Evaporate the clear filtrate to about 5 mL, transfer to a
centrifuge tube, and add 1–2 mL of ether. Evaporate with the aid of a current of air to
about 1 mL, and agitate until crystallization occurs. Wash the crystals with several
portions of ether, and air-dry.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, methanol, methanesulfonic acid, and water (28: 24: 0.2: 48).
Adjust with diethylamine to a pH of 3.6.

Standard solution:  0.05 mg/mL of USP Cyclobenzaprine Hydrochloride RS in 0.1 N
hydrochloric acid
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Sample solution:  Nominally 0.05 mg/mL of cyclobenzaprine hydrochloride from finely
powdered Tablets (NLT 20) in 0.1 N hydrochloric acid prepared as follows. Transfer a
suitable amount of the powder to a suitable volumetric flask. Add 75% of the flask
volume of 0.1 N hydrochloric acid, and shake by mechnical means for 30 min. Dilute with
0.1 N hydrochloric acid to volume.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 290 nm
Column:  4.6-mm × 10-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Capacity factor:  NLT 2.0
Column efficiency:  NLT 1000 theoretical plates
Tailing factor:  NMT 2
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20H21N·HCl) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution

(mg/mL)
CU= nominal concentration of cyclobenzaprine hydrochloride in the Sample solution (mg/mL)

 
Buffer:  11.4 g/L of ammonium acetate in water. Adjust with ammonium hydroxide to a pH

of 7.2.
Mobile phase:  Methanol and Buffer (65:35)
Standard solution:  0.2 mg/mL of USP Cyclobenzaprine Hydrochloride RS in Mobile phase.

Sonication may be used to aid in dissolution.
Sample solution:  Nominally 0.2 mg/mL of cyclobenzaprine hydrochloride from NLT 20

finely powdered Tablets in Mobile phase prepared as follows. Transfer a suitable amount
of the powder to a suitable volumetric flask. Add 60% of the flask volume of Mobile
phase, and sonicate for 30 min. Allow the solution to cool to room temperature, and then
dilute with Mobile phase to volume. Centrifuge the solution, and use the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 226 nm
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Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.85%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20H21N·HCl) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution

(mg/mL)
CU= nominal concentration of cyclobenzaprine hydrochloride in the Sample solution

(mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  50 rpm
Time:  30 min
Sample solution:  Pass a portion of the solution under test through a suitable filter, and

dilute with Medium if necessary.
Standard solution:  USP Cyclobenzaprine Hydrochloride RS in Medium having a

concentration similar to the one expected in the Sample solution
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  290 nm

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20H21N·HCl) dissolved:
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Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution

CS= concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 75% (Q) of the labeled amount of cyclobenzaprine hydrochloride
(C20H21N·HCl) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Buffer and Mobile phase:  Proceed as directed in the Assay.
Standard solution:  0.6 µg/mL each of USP Cyclobenzaprine Hydrochloride RS, USP

Cyclobenzaprine Related Compound A RS, and USP Cyclobenzaprine Related Compound B
RS in Mobile phase

Sample solution:  Nominally 400 µg/mL of cyclobenzaprine hydrochloride from NLT 20 finely
powdered Tablets in Mobile phase prepared as follows. Transfer a suitable amount of the
powder to a suitable volumetric flask. Add 75% of the flask volume of Mobile phase, and
sonicate for 30 min. Allow the solution to cool to room temperature, and then dilute with
Mobile phase to volume. Centrifuge the solution, and use the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 226 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  10 µL
Run time:  NLT 3 times the retention time of cyclobenzaprine

System suitability 
Sample:  Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between the cyclobenzaprine related compound A and
cyclobenzaprine related compound B peaks

Relative standard deviation:  NMT 2.0% for the cyclobenzaprine peak
Analysis 

Sample:  Sample solution

Calculate the percentage of any individual unspecified degradation product in the portion
of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any individual unspecified degradation product from the Sample
solution

rS= peak response of cyclobenzaprine from the Standard solution
CS= concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution

(µg/mL)
CU= nominal concentration of cyclobenzaprine hydrochloride in the Sample solution (µg/mL)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria

NMT (%)

Cyclobenzaprine related compound Aa 0.51 —

Cyclobenzaprine related compound Ba 0.59 —

Cyclobenzaprine N-oxideb 0.74 0.15
Cyclobenzaprine 1.0 —

Amitriptylinea,c 1.3 —

Dibenzocycloheptenoned 1.6 0.15
Any individual unspecified degradation product — 0.1
Total degradation products — 2.0

a  Process impurity included for identification only and not included in the calculation of
total degradation products.

b  3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N,N-dimethyl-1-propanamine N-oxide.

c  10,11-Dihydro-N,N-dimethyl-5H-dibenzo[a,d]cycloheptene-D5, ,-propylamine.
d  Dibenzo[a,d]cyclohepten-5-one.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Cyclobenzaprine Hydrochloride RS 

USP Cyclobenzaprine Related Compound A RS  
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol. 
C20H23NO      293.40

USP Cyclobenzaprine Related Compound B RS  
3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-1-propanamine. 
C19H19N      261.36
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BRIEFING

Desipramine Hydrochloride, USP 36 page 3162. As part of the USP monograph modernization
effort, the following revisions are being proposed:

1. Replace the spectrophotometric Assay procedure with a specific, stability-indicating
HPLC procedure. This procedure was validated with the Zorbax SB CN brand of L10
column. The typical retention time for desipramine is about 8.5 min. The Spherisorb
S3 CN-RP brand of L10 column with a Novapak CN guard column may also be
suitable.

2. Revise the Definition for consistency with the proposed Assay procedure.
3. Replace the Identification test, based on spectrophotometric and visual procedures,

with an Identification test based on retention time agreement of the major peaks of
the Sample solution and the Standard solution using the proposed Assay.

4. Replace the spectrophotometric Limit of Iminodibenzyl procedure with an HPLC-based
test for Organic Impurities. This procedure was validated with the 4-µm Synergi
Hydro-RP brand of L1 column. The 5-µm Gemini C18 110A brand of L1 column may
also be suitable. The typical retention time for desipramine is about 15.5 min.

5. Add a storage requirement for consistency with the European Pharmacopoeia 7.0
monograph for Desipramine Hydrochloride.

6. Add USP Imipramine Hydrochloride RS in the USP Reference Standards section to
support the proposed procedures for the Assay and the test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: H. Joyce.)
Correspondence Number—C94297; C97942

Comment deadline: January 31, 2014
Desipramine Hydrochloride

C18H22N2·HCl       302.84 

5H-Dibenz[b,f]azepine-5-propanamine, 10,11-dihydro-N-methyl-, monohydrochloride;     
10,11-Dihydro-5-[3-(methylamino)propyl]-5H-dibenz[b,f]azepine monohydrochloride     [58-28-
6].

DEFINITION

Change to read:
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Desipramine Hydrochloride dried under vacuum at 105  for 2 h, contains NLT 98.0% and NMT
100.5%
contains NLT 98.0% and NMT 102.0%

of desipramine hydrochloride (C18H22N2·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197M

Change to read:

•  B. Ultraviolet Absorption 197U
Analytical wavelength:  251 nm
Sample solution:  30 µg/mL in 0.1 N hydrochloric acid
Acceptance criteria:  Absorptivities, calculated on the dried basis, do not differ by more

than 2.0%.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

Delete the following:
•  C. Add 5 mg to 2 mL of nitric acid on a spot plate.

Acceptance criteria: An intense blue color is produced.

Change to read:
•  D.

C.

Identification Tests—General, Chloride 191
Sample solution:  50 mg/mL of Desipramine Hydrochloride in alcohol
Acceptance criteria:  Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample:  0.6 g of previously dried and weighed Desipramine Hydrochloride
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric
Blank:  Glacial acetic acid

Analysis:  Dissolve Sample in 100 mL of glacial acetic acid, add 10 mL of mercuric acetate
TS, and titrate with Titrant. Determine the endpoint potentiometrically, using a calomel-
glass electrode system. Perform a blank determination. Each mL of 0.1 N perchloric acid
is equivalent to 30.29 mg of desipramine hydrochloride (C18H22N2·HCl).

Acceptance criteria:  98.0%–100.5% dried under vacuum at 105  for 2 h
Buffer:  3.4 g/L of sodium acetate trihydrate in water adjusted with glacial acetic acid to
a pH of 5.0
Mobile phase:  Acetonitrile, methanol, and Buffer (35:20:45)
Diluent:  0.1 M hydrochloric acid
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System suitability solution:  0.02 mg/mL each of USP Desipramine Hydrochloride RS and
USP Imipramine Hydrochloride RS in Diluent. Sonication may be used to promote
dissolution.

Standard solution:  0.1 mg/mL of USP Desipramine Hydrochloride RS in Diluent.
Sonication may be used to promote dissolution.

Sample solution:  0.1 mg/mL of Desipramine Hydrochloride in Diluent. Sonication may be
used to promote dissolution.

Chromatographic system  

(See Chromatography 621 ,System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L10
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for desipramine and imipramine are 1.0 and 1.1,
respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between desipramine and imipramine, System suitability solution
Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of desipramine hydrochloride (C18H22N2·HCl) in the portion of
Desipramine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Desipramine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Delete the following:
•   Limit of iminodibenzyl

[Note—Protect samples, the Reference Standard, and solutions containing them, by conducting
the procedures under subdued light, or using low-actinic glassware.]

Diluent: Hydrochloric acid and alcohol (50:50)
Solution A: 0.4% solution of furfural in alcohol
Standard stock solution: 50 µg/mL of USP Iminodibenzyl RS in alcohol
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Standard solution: Transfer 1.0 mL of Standard stock solution to a 25-mL volumetric flask
and add 10 mL of Diluent.

Sample solution: Transfer 50.0 mg of Desipramine Hydrochloride to a 25-mL volumetric
flask and add 10 mL of Diluent.

Instrumental conditions 
Mode: Vis
Analytical wavelength: 565 nm
Cell: 1 cm
Blank: Diluent

Analysis 
Samples: Standard solution, Sample solution, and Blank 

To the two flasks containing the Standard solution and the Sample solution, and to a
third flask containing 10 mL of Blank, add slowly 5 mL of Solution A , then add 5 mL of

hydrochloric acid, and allow the flasks to stand in a constant-temperature bath at 25
for 3 h. Dilute each flask with Diluent to volume. Determine the absorbances of the
solutions, using the Blank to set the instrument.

Acceptance criteria: The absorbance of the solution obtained from the Sample solution is
NMT that obtained from the Standard solution (0.1%).

Add the following:
•  Organic Impurities

Buffer:  5.2 g/L of dibasic potassium phosphate in water. Add 1 mL of triethylamine per L,
and adjust with phosphoric acid to a pH of 6.4.

Solution A:  Acetonitrile and methanol (55:45)
Solution B:  Solution A and Buffer (25:75)
Solution C:  Solution A and Buffer (62.5: 37.5)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 85 15
35 0 100
50 0 100

50.1 85 15
60 85 15

Standard stock solution:  0.25 mg/mL of USP Desipramine Hydrochloride RS prepared as
follows. Transfer a suitable quantity of USP Desipramine Hydrochloride RS to an
appropriate volumetric flask, and add 50% of the final flask volume of Solution B. Sonicate
for NLT 2 min, and allow the solution to equilibrate to room temperature. Dilute with
Solution B to volume.

Standard solution:  0.005 mg/mL of USP Desipramine Hydrochloride RS from Standard stock
solution in Solution B

System suitability solution:  0.01 mg/mL each of USP Imipramine Hydrochloride RS and
USP Iminodibenzyl RS in Standard stock solution

Sensitivity solution:  0.3 µg/mL of USP Desipramine Hydrochloride RS from Standard
solution in Solution B. Use within 24 h.

Sample solution:  0.5 mg/mL of Desipramine Hydrochloride prepared as follows. Transfer a
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suitable quantity of Desipramine Hydrochloride to an appropriate volumetric flask, and add
50% of the final flask volume of Solution B. Sonicate for NLT 2 min, and allow the solution
to equilibrate to room temperature. Dilute with Solution B to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 4-µm or 5-µm packing L1

Column temperature:  60
Flow rate:  1.4 mL/min
Injection volume:  40 µL

System suitability 
Samples:  Standard solution, System suitability solution, and Sensitivity solution

[Note—See Table 2 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between imipramine and iminodibenzyl, System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution
Relative standard deviation:  NMT 3.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Desipramine Hydrochloride
taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of desipramine from the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Desipramine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Desipramine 1.0 — —
Imipramine 1.6 1.0 0.15
Iminodibenzyl 2.1 0.55 0.1
Any unspecified impurity — 1.0 0.10
Total impurities — — 1.0

SPECIFIC TESTS

•  Loss on Drying 731
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Analysis:  Dry under vacuum at 105  for 2 h.
Acceptance criteria:   NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Protect from light.

Change to read:

•  USP Reference Standards 11
USP Desipramine Hydrochloride RS 
USP Iminodibenzyl RS  

10,11-Dihydro-5H-dibenzo[b,f]azepine.     
C14H13N      195.28

USP Imipramine Hydrochloride RS

BRIEFING

Desipramine Hydrochloride Tablets, USP 36 page 3162. As part of the USP monograph
modernization effort, the following revisions are proposed:

1. Replace the spectrophotometric Assay with a specific, stability-indicating HPLC
procedure. This procedure is based on analyses conducted with the Zorbax CN brand
of L10 column. The typical retention time for desipramine is about 11 min. The
Spherisorb S3 CN-RP brand of L10 column with a Novapak CN guard column may also
be suitable.

2. Add Identification test B that is based on the HPLC retention time agreement of the
major peaks in the Sample solution and Standard solution using the proposed Assay.

3. Delete the Procedure for content uniformity in the test for Uniformity of Dosage Units
to allow flexibility.

4. Add an HPLC-based test for Organic Impurities that allows for the quantitative
determination of specified and unspecified impurities. This procedure was validated
with the 4-µm Synergi Hydro-RP brand of L1 column. The 5-µm Gemini C18 110A
brand of L1 column may also be suitable. The typical retention time for desipramine is
about 15.5 min.

5. Add a specific equation in the test for Dissolution to provide additional information.
6. Add a storage requirement that is consistent with an approved drug product.
7. Add USP Iminodibenzyl RS and USP Imipramine Hydrochloride RS in the USP Reference

Standards section to support the proposed procedures in the Assay and test for
Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: H. Joyce.)
Correspondence Number—C92338

Comment deadline: January 31, 2014
Desipramine Hydrochloride Tablets
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DEFINITION

Desipramine Hydrochloride Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount
of desipramine hydrochloride (C18H22N2·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197M
Sample:  Finely powder a number of Tablets, equivalent to 350 mg of desipramine

hydrochloride, and triturate the powder with 15 mL of chloroform. Pass the chloroform
extract through paper into a wide-mouth test tube, and evaporate the filtrate to 3 mL.
Carefully add ether until the liquid becomes turbid. Heat cautiously to produce a clear
solution, then cool, and allow to stand. Collect the crystals, wash with ether, and dry

under vacuum at 80  for 30 min.
Acceptance criteria:  Meet the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Diluent:  0.1 N hydrochloric acid
Standard solution:  25 µg/mL of USP Desipramine Hydrochloride RS in Diluent
Sample stock solution:  Finely powder a number of Tablets, equivalent to 0.5 g of

desipramine hydrochloride, and transfer the powder to a 500-mL volumetric flask with the
aid of 100 mL of Diluent. Add 150 mL of Diluent to the mixture, insert the stopper, and
shake by mechanical means for 30 min. Dilute with Diluent to volume, pass through a
suitable filter, and discard the first 10 mL of the filtrate.

Sample solution:   Transfer 5.0 mL of the Sample stock solution to a 200-mL volumetric
flask, and dilute with Diluent to volume.

Instrumental conditions 
Mode:  UV
Analytical wavelength:  maximum absorbance at about 255 nm
Cell:  1 cm
Blank:  Cyclohexane suitable for use in UV spectrophotometry

Analysis 
Samples:  Standard solution and Sample solution

Transfer 15.0 mL each of the Standard solution and the Sample solution to separate glass-
stoppered, 50-mL centrifuge tubes. To each tube, add 2 mL of 2.5 N sodium hydroxide
and 15.0 mL of cyclohexane suitable for use in UV spectrophotometry. Insert the
stoppers, shake the tubes by mechanical means for 30 min, and centrifuge at 1500 rpm
until the clear phases separate (5–10 min).

Determine the absorbances of the cyclohexane extracts, using the Blank. Calculate the
percentage of desipramine hydrochloride (C18H22N2·HCl) in the portion of Tablets taken:
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Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of desipramine hydrochloride in the Sample solution (mg/mL)

 
Buffer:  3.4 g/L of sodium acetate trihydrate in water adjusted with glacial acetic acid to a

pH of 5.0
Mobile phase:  Acetonitrile, methanol, and Buffer (30:20:50)
Diluent:  0.1 M hydrochloric acid
System suitability solution:  0.02 mg/mL each of USP Desipramine Hydrochloride RS and

USP Imipramine Hydrochloride RS in Diluent. Sonication may be used to promote
dissolution.

Standard solution:  0.02 mg/mL of USP Desipramine Hydrochloride RS in Diluent.
Sonication may be used to promote dissolution.

Sample stock solution:  Nominally 1–1.5 mg/mL of desipramine hydrochloride from NLT 20
Tablets prepared as follows. Transfer 20 Tablets into a suitable volumetric flask. Add
50% of the final flask volume of Diluent. Sonicate the flask for NLT 15 min. Shake the
flask for NLT 15 min. Dilute with Diluent to volume.

Sample solution:  Nominally 0.02 mg/mL of desipramine hydrochloride prepared as follows.
Transfer a suitable volume of Sample stock solution to an appropriate volumetric flask.
Add 50% of the final flask volume of Diluent. Shake the flask for NLT 5 min, and dilute
with Diluent to volume. Pass through a suitable filter, and discard the first 5 mL of the
filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 25-cm; 5-µm packing L10
Flow rate:  1.5–2.0 mL/min
Injection volume:  25 µL
Run time:  NLT 1.2 times the retention time of the imipramine peak

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for desipramine and imipramine are 1.0 and 1.1,

respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between desipramine and imipramine, System suitability solution
Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of desipramine hydrochloride
(C18H22N2·HCl) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution

rS= peak response from the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of desipramine hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 2:  50 rpm
Time:  60 min
Standard solution:  USP Desipramine Hydrochloride RS in Medium
Sample solution:  Pass a portion of the solution under test through a suitable filter. If

necessary, dilute with Medium to a concentration that is similar to that of the Standard
solution.

Instrumental conditions 
Mode:  UV
Analytical wavelength:  Maximum absorbance at 251 nm

Analysis 
Samples:  Standard solution and Sample solution

Determine the percentage of the labeled amount of desipramine hydrochloride
(C18H22N2·HCl) dissolved.

Calculate the percentage of the labeled amount of desipramine hydrochloride
(C18H22N2·HCl) dissolved:

Result = (AU/AS) × CS × D × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
D= dilution factor for the Sample solution, if needed
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 75% (Q) of the labeled amount of desipramine hydrochloride (C18H22N2·HCl) is
dissolved.

Change to read:

•  Uniformity of Dosage Units 905 : Meet the requirements
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Procedure for content uniformity 
Diluent 0.1 N hydrochloric acid
Standard solution:  25 µg/mL of USP Desipramine Hydrochloride RS in Diluent
Sample stock solution:  Transfer 1 finely powdered Tablet to a 100-mL volumetric flask,

add 50 mL of Diluent, and shake by mechanical means for 15 min. Dilute with Diluent to
volume. Pass through a suitable filter and discard the first 20 mL of the filtrate.

Sample solution:  Nominally 25 µg/mL of desipramine hydrochloride from Sample stock
solution in Diluent

Instrumental conditions 
Analytical wavelength:  maximum absorbance at about 251 nm
Cell:  1 cm
Blank:  Diluent

Analysis 
Samples:  Standard solution,, Sample solution, and Blank

Calculate the percentage of desipramine hydrochloride (C18H22N2·HCl) in the portion of
Tablet taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of desipramine hydrochloride in the Sample solution (mg/mL)

IMPURITIES

Add the following:
•  Organic Impurities 

Buffer:  5.2 g/L of dibasic potassium phosphate in water. Add 1 mL of triethylamine per L,
and adjust with phosphoric acid to a pH of 6.4.

Solution A:  Acetonitrile and methanol (55:45)
Solution B:  Solution A and Buffer (25:75)
Solution C:  Solution A and Buffer (62.5: 37.5)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 85 15
35 0 100
50 0 100

50.1 85 15
60 85 15

Standard stock solution:  0.25 mg/mL of USP Desipramine Hydrochloride RS prepared as
follows. Transfer a suitable quantity of USP Desipramine Hydrochloride RS to an
appropriate volumetric flask, and add 50% of the final flask volume of Solution B. Sonicate
for NLT 2 min, and allow the solution to equilibrate to room temperature. Dilute with
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Solution B to volume.
Standard solution:  0.005 mg/mL of USP Desipramine Hydrochloride RS from Standard stock

solution in Solution B
System suitability solution:  0.01 mg/mL each of USP Imipramine Hydrochloride RS and

USP Iminodibenzyl RS in Standard stock solution
Sensitivity solution:  0.3 µg/mL of USP Desipramine Hydrochloride RS from Standard

solution in Solution B. Use within 24 h.
Sample solution:  Nominally 0.5 mg/mL of desipramine hydrochloride from NLT 20 Tablets

prepared as follows. Finely powder 20 Tablets, and transfer a suitable quantity of the
powder, equivalent to 50 mg of desipramine hydrochloride, to a 100-mL volumetric flask
with the aid of Solution B. Add Solution B to about 50% of the flask volume, and sonicate
the flask with occasional shaking for NLT 10 min. Allow the solution to equilibrate to room
temperature. Dilute with Solution B to volume. Pass through a suitable filter, and discard
NLT the first 2 mL of filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 4-µm or 5-µm packing L1

Column temperature:  60
Flow rate:  1.4 mL/min
Injection volume:  40 µL

System suitability 
Samples:  Standard solution, System suitability solution, and Sensitivity solution
[Note—See Table 2 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between imipramine and iminodibenzyl, System suitability solution
Relative standard deviation:  NMT 3.0%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each degradation product in the portion of Tablets taken:

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

rU= peak response of each degradation product from the Sample solution
rS= peak response of desipramine from the Standard solution
CS= concentration of USP Desipramine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of desipramine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)
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Desipramine 1.0 — —
Imipramine 1.6 1.0 0.2
Iminodibenzyl 2.1 0.55 0.5
Any unspecified degradation product — 1.0 0.2
Total degradation products — — 2.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Desipramine Hydrochloride RS 
USP Iminodibenzyl RS  

10,11-Dihydro-5H-dibenzo[b,f]azepine. 
C14H13N      195.28

USP Imipramine Hydrochloride RS  

BRIEFING

Dinoprostone, page 5974 of the Second Supplement to USP 36. On the basis of comments
received, the following revisions are proposed:

1. The Resolution requirement in the Assay and test for Organic Impurities has been
replaced with a limit between dinoprostone and 5,6-trans-dinoprostone (USP
Dinoprostone Related Compound C RS).

2. The new reference standard used in the Assay and test for Organic Impurities has been

added to the USP Reference Standards 11  section.
3. The composition of acetic acid used in the Mobile phase in the Assay and test for

Organic Impurities has been clarified.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Vicchio.)
Correspondence Number— C119681

Comment deadline: January 31, 2014
Dinoprostone
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C20H32O5       352.47 

Prosta-5,13-dien-1-oic acid, 11,15-dihydroxy-9-oxo-, (5Z,11 ,13E,15S)-;     
(E,Z)-(1R,2R,3R)-7-[3-Hydroxy-2-[(3S)-(3-hydroxy-1-octenyl)]-5-oxocyclopentyl]-5-
heptenoic acid;     
Prostaglandin E2     [363-24-6].

DEFINITION

Dinoprostone contains NLT 97.0% and NMT 103.0% of dinoprostone (C20H32O5).
[Note—Prepare all solutions in all tests immediately before use.]

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Methanol and 0.2% acetic acid (29:21)
Solution A:  0.2% (v/v) of 5 N acetic acid in water
Mobile phase:  Methanol and Solution A (29:21)
System suitability solution:  0.04 mg/mL each of USP Dinoprostone RS and USP

Dinoprostone Related Compound C RS in Mobile phase
Standard solution:  2.5 mg/mL of USP Dinoprostone RS in Mobile phase
Sample solution:  2.5 mg/mL of Dinoprostone in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 

USP38
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Samples:  Standard solution
System suitability solution and Standard solution

Suitability requirements 
Resolution:  NLT 1.0 between dinoprostone and any other adjacent peak
NLT 3.8 between dinoprostone and dinoprostone related compound C, System
suitability solution 

Relative standard deviation:  NMT 2.0%,
Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of dinoprostone (C20H32O5) in the portion of Dinoprostone
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Dinoprostone RS in the Standard solution (mg/mL)
CU= concentration of Dinoprostone in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.5%

Change to read:
•  Organic Impurities

Mobile phase,
System suitability solution,

and Sample solution:   Proceed as directed in the Assay.
Standard stock solution:  Proceed as directed for the Standard solution in the Assay.
Standard solution:  Transfer 0.5 mL of the Standard stock solution to a 50-mL volumetric

flask, and dilute with Mobile phase to volume.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  
System suitability solution 

and Sample solution
Standard solution

Suitability requirements 

USP38
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Resolution:  NLT 1.0 between dinoprostone and any other adjacent peak
NLT 3.8 between dinoprostone and dinoprostone related compound C, System
suitability solution 

Column efficiency:  NLT 6000 theoretical plates,
Standard solution

Relative standard deviation:  
NMT 10.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Dinoprostone taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of dinoprostone from the Standard solution
CS= concentration of USP Dinoprostone RS in the Standard solution (mg/mL)
CU= concentration of Dinoprostone in the Sample solution (mg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

15-Oxo-dinoprostone 0.79 5 —a

15-Epi-dinoprostone 0.85 1.1 —a

8-Isodinoprostone 0.90 1.0 —a

Dinoprostone 1.00 — —
5,6-trans-Dinoprostone
Dinoprostone related compound C

1.15 1.0 2.0
(5Z,13E,15S)-15-Hydroxy-9-
oxoprosta-5, 10,13-triene-1-oic acid 1.80 5 1.0
(5Z,13E,15S)-15-Hydroxy-9-
oxoprosta-5, 8(12),13-trien-1-oic acid 1.90 1.43 1.0
Any individual unspecified impurity — 1.0 0.10

a  The sum of these three impurities is NMT 1.0%.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  5 mg/mL in alcohol

Acceptance criteria:  82.0  to 90.0 , at 20

•  Water Determination, Method I 921 : NMT 0.5%

ADDITIONAL REQUIREMENTS

USP38

1S (USP36)
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•  Packaging and Storage: Preserve in well-closed, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Dinoprostone RS 
USP Dinoprostone Related Compound C RS  

(E)-7-{(1R,2R,3R)-3-Hydroxy-2-[(S,E)-3-hydroxyoct-1-en-1-yl]-5-
oxocyclopentyl}hept-5-enoic acid. 
C20H32O5      352.47

BRIEFING

Diphenhydramine Hydrochloride Injection, USP 36 page 3276. As part of USP monograph
modernization efforts, it is proposed to make the following changes:

1. The current Assay procedure is replaced with a validated new HPLC procedure. The
liquid chromatographic procedure in the Assay is based on analyses performed with
the YMC-Pack Pro C8 brand of L7 column. The typical retention time for
diphenhydramine is 5 min.

2. The test for Organic Impurities is based on the validated HPLC procedure. The liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the YMC-Pack Pro C8 brand of L7 column. The typical retention time
for diphenhydramine is 5 min.

3. USP Diphenhydramine Related Compound A RS is added to the USP Reference Standards
section to support the proposed revision in the test for Organic Impurities.

4. Update the Packaging and Storage section to include storage conditions.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R. Prasad.)
Correspondence Number—C123268

Comment deadline: January 31, 2014
Diphenhydramine Hydrochloride Injection

DEFINITION

Diphenhydramine Hydrochloride Injection is a sterile solution of Diphenhydramine Hydrochloride
in Water for Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
diphenhydramine hydrochloride (C17H21NO·HCl).

IDENTIFICATION
•  A.

Sample solution:  Dilute a volume of Injection equivalent to 50 mg of diphenhydramine
hydrochloride with 0.03 N sulfuric acid to 25 mL.

Analysis:  Proceed as directed in Identification—Organic Nitrogenous Bases 181 ,
beginning with “Transfer the liquid to a separator”.

Acceptance criteria:  Meets the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

USP38
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Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, triethylamine, and water (100:1:100). Adjust with glacial
acetic acid to a pH of 6.5.

System suitability solution:  5 mg of benzophenone in 5 mL of acetonitrile. Dilute with
water to 100 mL. Transfer 1.0 mL of this solution and 5 mg of diphenhydramine
hydrochloride to a 10-mL volumetric flask, and dilute with water to volume.

Standard solution:  0.5 mg/mL of USP Diphenhydramine Hydrochloride RS in water
Sample solution:  Transfer a volume of Injection equivalent to 50 mg of diphenhydramine

hydrochloride, to a 100-mL volumetric flask, and dilute with water to volume.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; packing L10
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between benzophenone and diphenhydramine, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of C17H21NO·HCl in each mL of the Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution

(mg/mL)
CU= nominal concentration of Diphenhydramine Hydrochloride in the Sample solution

(mg/mL)

 
Buffer:  5.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid

to a pH of 3.0.
Solution A:  Use the Buffer.
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

PF 39(6): Nov.-Dec. 2013 250



Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 65 35
4 65 35
7 20 80
9 65 35
13 65 35

Diluent:  Acetonitrile and Buffer (35:65)
System suitability solution:  0.1 mg/mL each of USP Diphenhydramine Hydrochloride

Related Compound A RS and USP Diphenhydramine Hydrochloride RS in Diluent
Standard solution:  0.07 mg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Sample solution:  Nominally equivalent to 0.07 mg/mL of diphenhydramine hydrochloride in

Diluent prepared as follows. Transfer 5.0 mL of Injection equivalent to 250 mg of
diphenhydramine hydrochloride to a 500-mL volumetric flask, and dilute with water to
volume. Transfer 7.0 mL of this solution to a 50.0-mL volumetric flask, and dilute with
Diluent to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for diphenhydramine hydrochloride related compound

A and diphenhydramine hydrochloride are about 0.9 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between diphenhydramine and diphenhydramine related compound
A, System suitability solution

Relative standard deviation:  NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of diphenhydramine hydrochloride
(C17H21NO·HCl) in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution

(mg/mL)
CU= nominal concentration of diphenhydramine hydrochloride in the Sample solution

(mg/mL)
USP38
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Acceptance criteria:  90.0%–110.0%

IMPURITIES

Add the following:
•  Organic Impurities

Buffer and System suitability solution:  Proceed as directed in the Assay.
Mobile phase:  Acetonitrile and Buffer (35:65)
Standard solution:  0.002 mg/mL of USP Diphenhydramine Hydrochloride RS in Mobile phase
Sample solution:   Nominally equivalent to 2 mg/mL of diphenhydramine hydrochloride in

water prepared as follows. Transfer a volume of Injection equivalent to 500 mg of
diphenhydramine hydrochloride into a 250-mL volumetric flask, and dilute with water to
volume.

Chromatographic system:  Proceed as directed in the Assay, except use a run time of 9
times the retention time of diphenhydramine.

System suitability 
Sample:  System suitability solution

[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between diphenhydramine and diphenhydramine related compound
A

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each degradation product in the portion of Injection taken:

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

rU= peak response of each degradation product from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution

(mg/mL)
CU= nominal concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard any peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Diphenhydramine related compound A 0.9 1.0 0.5
Diphenhydramine hydrochloride 1.0 1.0 —

Benzophenonea 4.3 1.5 0.3

Benzhydrolb 8.2 0.8 0.3
Individual unspecified impurity — — 0.1
Total impurities — — 2.0
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a  Diphenylmethanone.
b  Diphenylmethanol.

SPECIFIC TESTS

•  pH 791 : 4.0–6.5

•  Bacterial Endotoxins Test 85 : NMT 3.4 USP Endotoxin Units/mg of diphenhydramine
hydrochloride

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of

Type I glass, protected from light.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Diphenhydramine Hydrochloride RS 
USP Diphenhydramine Related Compound A RS  

2-(Diphenylmethoxy)-N-methylethanamine hydrochloride. 
C16H19NO·HCl      277.79

USP Endotoxin RS

BRIEFING

Duloxetine Delayed-Release Capsules, USP 36 page 3355. It is proposed to revise the
monograph as follows:

1. Update the calculations in the Dissolution test to reflect the current USP style and
clarify that both a degradation product of duloxetine (1-naphthol) and duloxetine are
used to account for the percentage of duloxetine released in the Acid stage medium.

2. Clarify in the test for Organic Impurities that duloxetine related compound H may not
need to be monitored depending upon the manufacturing process.

3. Add an acceptance criterion for 1-naphthol as a degradation product for consistency
with an approved FDA drug product. No change is proposed to the limit of total
degradation products.

Additionally, several minor editorial changes have been made to update the monograph to
current USP style.

(SM4: H. Joyce.)
Correspondence Number—C116054; C121560; C132414; C132600

Comment deadline: January 31, 2014
Duloxetine Delayed-Release Capsules

DEFINITION

USP38
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Duloxetine Delayed-Release Capsules contain an amount of Duloxetine Hydrochloride equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of duloxetine (C18H19NOS).

IDENTIFICATION

•  A. Infrared Absorption 197S

Spectral range:  1650 cm 1 to 900 cm 1

Standard:  1 mg/mL of USP Duloxetine Hydrochloride RS in methylene chloride. Shake the
contents, and sonicate for 1 min. Transfer 15 mL of filtrate into a separatory funnel, and
add 15 mL of pH 7.5 phosphate buffer. Collect the organic layer, and evaporate to
dryness. Redissolve the residue with a few drops of methylene chloride, and transfer to a
potassium bromide or sodium chloride plate. Allow it to dry.

Sample:  1 mg/mL of duloxetine, from the contents of NLT 10 Capsules in methylene
chloride. Proceed as directed in the Standard.

Acceptance criteria:  Meet the requirements
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

Protect solutions of duloxetine from light.
Buffer A:  3.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add

15 mL of triethylamine, and adjust with phosphoric acid to a pH of 5.5.
Buffer B:  0.2 g/L of monobasic ammonium phosphate and 4.5 g/L of dibasic potassium

phosphate in water. Adjust with phosphoric acid to a pH of 8.0.
Mobile phase:  Methanol, tetrahydrofuran, and Buffer A (323:90:587)
Diluent:  Methanol and Buffer B (50:50)
System suitability solution:  0.1 mg/mL USP Duloxetine Hydrochloride RS, 0.05 mg/mL of

1-naphthol, 0.01 mg/mL of USP Duloxetine Related Compound F RS, and 0.025 mg/mL of
USP Duloxetine Related Compound H RS in Diluent. [Note—Add 1 mL of methanol before
diluting to volume to assist with dissolving contents. Duloxetine related compound H is
used for peak identification purposes in this solution.]

Standard solution:  0.1 mg/mL of USP Duloxetine Hydrochloride RS in Diluent
Sample solution:  Nominally 0.1 mg/mL of duloxetine from the contents of NLT 5 Capsules,

in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)

[Note—It is recommended to preheat the Mobile phase to 45 .]
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 7.5-cm; 3- or 3.5-µm packing L7

Column temperature:  45
Flow rate:  1.5 mL/min
Injection volume:  10 µL
Run time:  6 times the retention time of duloxetine

System suitability 
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Samples:  System suitability solution and Standard solution
[Note—See Table 1 in Organic Impurities for relative retention times.]
Suitability requirements 

Resolution:  NLT 1.6 between duloxetine and duloxetine related compound F; NLT 2
between 1-naphthol and duloxetine related compound H, System suitability solution

Relative standard deviation:  NMT 1.5%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of duloxetine (C18H19NOS) in the
portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Duloxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of duloxetine in the Sample solution (mg/mL)
Mr1= molecular weight of duloxetine free base, 297.42
Mr2= molecular weight of duloxetine hydrochloride, 333.88

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Acid stage 

Acid stage medium:  0.1 N hydrochloric acid; 1000 mL
Apparatus 1:  100 rpm
Time:  2 h

Buffer stage 
Buffer stage medium:  pH 6.8 phosphate buffer; 1000 mL
Apparatus 1:  100 rpm
Time:  60 min for Capsules containing 20% w/w pellets; 90 min for Capsules containing

32% w/w pellets
Buffer A and Mobile phase:  Proceed as directed in the Assay.
Standard stock solution:  0.28 mg/mL of USP Duloxetine Hydrochloride RS in Buffer stage

medium. Use a small amount of methanol, not exceeding 2% of the final volume, to
dissolve duloxetine.

Acid stage standard solution:  2.3 µg/mL of USP Duloxetine Hydrochloride RS, from the
Standard stock solution diluted with Buffer stage medium

Buffer stage standard solution:  23 µg/mL of USP Duloxetine Hydrochloride RS, from the
Standard stock solution diluted with Buffer stage medium

Sample solution:  After 2 h in the Acid stage medium, pass a portion of the solution under
test through a suitable filter. Transfer the basket containing the pellets to the vessel
containing the Buffer stage medium. After the appropriate time in the Buffer stage
medium, pass a portion of the solution under test through a suitable filter.
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  
4.6-mm × 7.5-cm; 3- or 3.5-µm packing L7

Column temperature:  45
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Acid stage standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Acid stage standard solution, Buffer stage standard solution, and Sample

solution

Calculate the percentage of duloxetine released in the Acid stage medium (PA):

PA = {(rU/rS) + [(r2U/rS) × 1/F]} × CS/L × V × (Mr1/Mr2) × 100

rU= peak response of duloxetine from the Sample solution
rS= peak response of duloxetine from the Acid stage standard solution
r2U= peak response for 1-naphthol from the Sample solution
F = relative response factor for 1-naphthol, 0.49
CS= concentration of USP Duloxetine Hydrochloride RS in the Acid stage standard solution

(mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 1000 mL
Mr1= molecular weight of duloxetine free base, 297.42
Mr2= molecular weight of duloxetine hydrochloride, 333.88

Calculate the concentration of duloxetine in the Acid stage medium (C1):

Result = (rU/rS) × CS × (Mr1/Mr2)

rU= peak response of duloxetine from the Sample solution
rS = peak response of duloxetine from the Acid stage standard solution
CS= concentration of USP Duloxetine Hydrochloride RS in the Acid stage standard solution

(mg/mL)
Mr1= molecular weight of duloxetine free base, 297.42
Mr2= molecular weight of duloxetine hydrochloride, 333.88

Calculate the equivalent concentration of duloxetine from 1-naphthol in the Acid stage
medium (C2):

Result = (rU/rS) × CS × (Mr1/Mr2) × (Mr1/Mr3)

(ERR 1-Apr-2013)
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rU= peak response of 1-naphthol from the Sample solution

rS = peak response of duloxetine from the Acid stage standard solution
CS= concentration of USP Duloxetine Hydrochloride RS in the Acid stage standard solution

(mg/mL)
Mr1= molecular weight of duloxetine free base, 297.42
Mr2= molecular weight of duloxetine hydrochloride, 333.88
Mr3= molecular weight of 1-naphthol, 144.17

Calculate the percentage of the labeled amount of duloxetine released in the Acid stage
medium (QA):

Result = (C1 + C2) × V × (1/L) × 100

C1= concentration of duloxetine in the Acid stage medium (mg/mL)
C2= equivalent concentration of duloxetine from 1-naphthol in the Acid stage medium

(mg/mL)
V= volume of Medium, 1000 mL
L= label claim of duloxetine (mg/Capsule)

Calculate the percentage of duloxetine released in the Buffer stage medium:

Result = [(rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100] + QA

rU = peak response of duloxetine from the Sample solution
rS = peak response of duloxetine from the Buffer stage standard solution
CS = concentration of USP Duloxetine Hydrochloride RS in the Buffer stage standard solution

(mg/mL)
L = label claim (mg/Capsule)
V = volume of Medium, 1000 mL
Mr1 = molecular weight of duloxetine free base, 297.42
Mr2 = molecular weight of duloxetine hydrochloride, 333.88
QA = percentage of the labeled amount of duloxetine released in the Acid stage medium

Tolerances 
Acid stage:  No individual unit releases more than 10% of the labeled amount of duloxetine in

2 h.
Buffer stage 

For Capsules containing 20% w/w pellets:  NLT 75% (Q) of the labeled amount of
duloxetine is dissolved in 60 min.

For Capsules labeled to contain 32% w/w pellets:  NLT 75% (Q) of the labeled amount
of duloxetine is dissolved in 90 min.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities 

USP38

PF 39(6): Nov.-Dec. 2013 257



Protect solutions of duloxetine from light.
Buffer A, Buffer B, Mobile phase, Diluent, System suitability solution, Standard

solution, Sample solution, Chromatographic system, and System suitability:
 Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Capsules taken:

Result = (rU/rT) × 100

rU= peak response for each impurity
rT= sum of all the peak responses

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Duloxetine 1.0 —
Duloxetine related compound Fa,d

1.1 —

1-Naphtholb,d
1.5

—
0.2

Duloxetine related compound Hc 2.2 0.2
Any individual unspecified degradation product — 0.2
Total impurities — 0.4

a  (S)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-3-yl)propan-1-amine hydrochloride.
For system suitability purposes only.

b  Napthalen-1-ol.
c  (S)-4-{Methyl[3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propyl]amino}-4-oxobutanoic

acid.
If possible from the manufacturing process.

d For system suitability purposes only.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.

•  USP Reference Standards 11
USP Duloxetine Hydrochloride RS 
USP Duloxetine Related Compound F RS  

(S)-N-Methyl-3-(naphthalen-1-yloxy)-3-(thiophen-3-yl)propan-1,-amine
hydrochloride.     
C18H19NOS· HCl      333.88

USP Duloxetine Related Compound H RS  
(S)-4-{Methyl[3-(naphthalen-1-yloxy)-3-(thiophen-2-yl)propyl]amino}-4-oxobutanoic
acid.     

USP38
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C22H23NO4S      397.49

BRIEFING

Estradiol Cypionate, USP 36 page 3480. The following revisions are proposed as part of USP's
modernization initiative:

1. Replace the Ultraviolet Absorption based Identification test B with the retention time
agreement of the estradiol cypionate peak using the Assay.

2. Add the test for Organic Impurities based on HPLC that was validated using the YMC
Pack Pro C4 brand of L26 column. The typical retention time for estradiol cypionate is
about 19 min. The proposed impurity limits are based on the ICH guidelines for drug

substances having a maximum daily doses of  2 g/day.
3. Replace the current HPLC Assay with validated procedure that uses the YMC Pack Pro

C4 brand of L26 column. The typical retention time for estradiol cypionate is about
19 min. This change will simplify the monograph by using the same Chromatographic
system for both the Assay and the test for Organic Impurities.

4. Delete the nonspecific test for Melting Range or Temperature. This test is no longer
necessary because a specific HPLC-based test for Organic Impurities is being added.

5. Add references to USP Estradiol RS and USP Estradiol Cypionate System Suitability

Mixture RS to the USP Reference Standards 11  section to support the proposed
Assay and test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: H. Joyce, D. Vicchio.)
Correspondence Number—C118320

Comment deadline: January 31, 2014
Estradiol Cypionate

C26H36O3       396.56 

Estra-1,3,5(10)-triene-3,17-diol, (17 )-, 17-cyclopentanepropanoate;     
Estradiol 17-cyclopentanepropionate     [313-06-4].

DEFINITION

Estradiol Cypionate contains NLT 97.0% and NMT 103.0% of estradiol cypionate (C26H36O3),
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calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  100 µg/mL of estradiol cypionate in alcohol
Analytical wavelength:  280 nm
Acceptance criteria:  Absorptivities, calculated on the dried basis, do not differ by more

than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  0.8 g/L of ammonium nitrate. Dissolve in 300 mL of water, and combine
with 700 mL of acetonitrile.

Internal standard solution:  2.0 mg/mL of testosterone benzoate in tetrahydrofuran
Standard solution:  1.0 mg/mL of USP Estradiol Cypionate RS in the Internal standard

solution
Sample solution:  1.0 mg/mL of Estradiol Cypionate in the Internal standard solution
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 280 nm
Column:  3.9-mm × 30-cm; 10-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between the peaks for estradiol cypionate and the internal
standard

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of estradiol cypionate (C26H36O3) in the portion of Estradiol
Cypionate taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of estradiol cypionate to the internal standard from the Sample
solution
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RS= peak response ratio of estradiol cypionate to the internal standard from the Standard
solution

CS= concentration of USP Estradiol Cypionate RS in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0% on the dried basis
Solution A:  Acetonitrile
Solution B:  Water
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 70 30
25 70 30
30 100 0
40 100 0
41 70 30
50 70 30

System suitability solution:  1 mg/mL of USP Estradiol Cypionate System Suitability
Mixture RS in acetonitrile

Standard solution:  1 mg/mL of USP Estradiol Cypionate RS in acetonitrile
Sample solution:  1 mg/mL of Estradiol Cypionate in acetonitrile
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6-mm × 25-cm; 5-µm packing L26
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.5 between estradiol-9-ene cypionate and estradiol cypionate,
System suitability solution

Relative standard deviation:  NMT 1.10%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of estradiol cypionate (C26H36O3) in the portion of Estradiol
Cypionate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
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CS= concentration of USP Estradiol Cypionate RS in the Standard solution (mg/mL)
CU= concentration of Estradiol Cypionate in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0%, on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

Add the following:
•  Organic Impurities

Solution A, Solution B, Mobile phase, and Chromatographic system:  Proceed as
directed in the Assay.

System suitability solution:  1 mg/mL of USP Estradiol Cypionate System Suitability
Mixture RS and 2 µg/mL USP Estradiol RS in acetonitrile

Sensitivity solution:  0.5 µg/mL of USP Estradiol Cypionate RS in acetonitrile
Sample solution:  1 mg/mL of Estradiol Cypionate in acetonitrile
System suitability 

Samples:  System suitability solution and Sensitivity solution
Suitability requirements 
[Note—See Table 2 for the relative retention times.]

Resolution:  NLT 1.5 between estradiol-9-ene cypionate and estradiol cypionate,
System suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Sample:   Sample solution

Calculate the percentage of each impurity in the portion of Estradiol Cypionate taken:

Result = (rU/rT) × (1/F) × 100

rU= peak response for each impurity
rT= sum of the responses of all the peaks
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard peaks that are less than 0.05% of the
estradiol cypionate peak.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Estradiol 0.22 1.0 0.15
Estradiol-9-ene cypionatea 0.93 2.5 0.15

Estradiol cypionate 1.0 — —
4-Methylestradiol cypionateb 1.3 1.0 0.15

Estradiol dicypionatec 1.9 1.0 0.15

Any other individual unspecified impurity — 1.0 0.10
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a  3-Hydroxyestra-1,3,5(10),9(11)-tetraen-17 -yl cyclopentanepropanoate.
b  3-Hydroxy-4-methylestra-1,3,5(10)-trien-17 -yl cyclopentanepropanoate.
c  Estra-1,3,5(10)-trien-3,17 -diyl di(cyclopentanepropanoate).

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 149 –153  

•  Optical Rotation, Specific Rotation 781S
Sample solution:  20 mg/mL in dioxane

Acceptance criteria:  +39  to +44

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Estradiol RS  

USP Estradiol Cypionate RS 
USP Estradiol Cypionate System Suitability Mixture RS 

This mixture contains: 
Estradiol cypionate. 
Estradiol-9-ene cypionate. 

3-Hydroxyestra-1,3,5(10),9(11)-tetraen-17 -yl cyclopentanepropanoate. 
C26H34O3      394.55 
Estradiol dicypionate. 

Estra-1,3,5(10)-trien-3,17 -diyl di(cyclopentanepropanoate). 
C34H48O4      520.74 
4-Methylestradiol cypionate. 

3-Hydroxy-4-methylestra-1,3,5(10)-trien-17 -yl cyclopentanepropanoate. 
C27H38O3      410.59

BRIEFING

Fluocinolone Acetonide, USP 36 page 3614. As part of USP monograph modernization efforts,
it is proposed to revise the monograph as follows:

1. Add a test for Organic Impurities based on the Fluocinolone Acetonide related
substances procedure and limits from the 7th edition of the European
Pharmacopoeia. The procedure uses the Thermo-Scientific Hypersil BDS C18 brand of
L1 column. The typical retention time for fluocinolone acetonide is about 10 min.

2. Replace TLC Identification test B with an identification test based on the HPLC retention
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time agreement in the Assay.
3. Change the dimensions of the column used in the Assay to replace the 4.5-mm (id)

column, which is no longer available. The Hichrom (Whatman) Partisil 5, ODS-3 RAC-
II brand of L1 column was shown to be suitable.

4. Replace the nonspecific flow rate based on the retention time of the drug substance
with a flow rate of 2.5 mL/min. The retention time for fluocinolone acetonide is about
10 min.

5. Add USP Triamcinolone Acetonide RS, used in the test for Organic Impurities, to the
USP Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Vicchio.)
Correspondence Number—C115559

Comment deadline: January 31, 2014
Fluocinolone Acetonide

C24H30F2O6 (anhydrous)       452.49 

Dihydrate           488.53 

Pregna-1,4-diene-3,20-dione, 6,9-difluoro-11,21-dihydroxy-16,17-[(1-

methylethylidene)bis(oxy)]-, (6 ,11 ,16 )-;     

6 ,9-Difluoro-11 ,16 ,17,21-tetrahydroxypregna-1,4-diene-3,20-dione, cyclic 16,17-acetal
with acetone     [67-73-2].

DEFINITION

Fluocinolone Acetonide is anhydrous or contains two molecules of water of hydration. It
contains NLT 97.0% and NMT 102.0% of fluocinolone acetonide (C24H30F2O6), calculated on
the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K : If a difference appears, dissolve portions of both the
Sample and the USP Reference Standard in ethyl acetate, evaporate to dryness, and
repeat the test on the residues.

Change to read:
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Change to read:

•  B. Thin-Layer Chromatographic Identification Test 201
Standard solution:  5 mg/mL of USP Fluocinolone Acetonide RS in acetone
Sample solution:  5 mg/mL of Fluocinolone Acetonide in acetone
Chromatographic system 

Adsorbent:  Chromatographic silica gel
Application volume:  10 µL
Developing system:  Nitromethane, dichloromethane, and methanol (50:50:1)

Analysis 
Samples:  Standard solution and Sample solution

UV light is used to locate the spots.

Acceptance criteria:  The RF values of the Sample solution corresponds to those of the
Standard solution.

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Mobile phase:  Acetonitrile, tetrahydrofuran, and water (13:10:77)
Diluent:  Acetonitrile and tetrahydrofuran (13:10)
Standard solution:  0.2 mg/mL of USP Fluocinolone Acetonide RS, prepared as follows.

Transfer a suitable amount of USP Fluocinolone Acetonide RS to a suitable volumetric
flask, and dissolve in a volume of Diluent equal to 23% of the flask volume. Dilute with
water to volume.

Sample solution:  0.2 mg/mL of Fluocinolone Acetonide, prepared as follows. Transfer a
suitable amount of USP Fluocinolone Acetonide RS to a suitable volumetric flask, and
dissolve in a volume of Diluent equal to 23% of the flask volume. Dilute with water to
volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.5-mm × 10-cm; packing L1
4.6-mm × 10-cm; 5-µm packing L1

Flow rate:  Adjust the flow rate so that the retention time for fluocinolone acetonide is
between 9 and 13 min.
2.5 mL/min

Injection volume:  20 µL
System suitability 

Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 3000 theoretical plates
Tailing factor:  NMT 1.5

Relative standard deviation:  NMT 3.0%
Analysis 
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Samples:  Standard solution and Sample solution

Calculate the percentage of fluocinolone acetonide (C24H30F2O6) in the portion of
Fluocinolone Acetonide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fluocinolone Acetonide RS in the Standard solution (mg/mL)
CU= concentration of Fluocinolone Acetonide in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–102.0% on the dried basis

Add the following:
•  Organic Impurities 

Protect the solutions from light throughout the test.
Mobile phase:  Acetonitrile and water (45:55), prepared as follows. Mix 450 mL of

acetonitrile and 500 mL of water, and allow to equilibrate. Add water to make 1000 mL.
System suitability solution:  0.25 mg/mL each of USP Fluocinolone Acetonide RS and USP

Triamcinolone Acetonide RS, prepared as follows. Transfer suitable amounts of USP
Fluocinolone Acetonide RS and USP Triamcinolone Acetonide RS to a suitable volumetric
flask. Dissolve in 45% of the flask volume of acetonitrile, and dilute with water to volume.

Standard solution:  0.025 mg/mL of USP Fluocinolone Acetonide RS in acetonitrile
Sample solution:  2.5 mg/mL of Fluocinolone Acetonide in acetonitrile
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 238 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time:  4 times the retention time of fluocinolone acetonide

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for triamcinolone acetonide and fluocinolone acetonide

are 0.85 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between triamcinolone acetonide and fluocinolone acetonide,
System suitability solution

Relative standard deviation:  NMT 10.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of each impurity in the portion of Fluocinolone Acetonide
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any impurity from the Sample solution
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rS= peak response of fluocinolone acetonide from the Standard solution
CS= concentration of USP Fluocinolone Acetonide RS in the Standard solution (mg/mL)
CU= concentration of Fluocinolone Acetonide in the Sample solution (mg/mL)

Acceptance criteria 
Any individual impurity:  NMT 1%; NMT one such peak is greater than 0.5%.
Total impurities:  NMT 2.5%. Disregard any peak below 0.05% of the peak area of

fluocinolone acetonide from the Standard solution.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  10 mg/mL in methanol

Acceptance criteria:  +98  to +108

•  Loss on Drying 731

Analysis:  Dry under vacuum at 105  for 3 h.
Acceptance criteria:  NMT 1.0% for anhydrous Fluocinolone Acetonide; NMT 8.5% for

hydrous Fluocinolone Acetonide

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.
•  Labeling: Label it to indicate whether it is anhydrous or hydrous.

Change to read:

•  USP Reference Standards 11
USP Fluocinolone Acetonide RS 
USP Triamcinolone Acetonide RS  

BRIEFING

Guanadrel Sulfate, USP 36 page 3787. It is proposed to revise the monograph as follows:
Introduce the reference to general test chapter Infrared Absorption—General <197M>

and revise the acceptance criteria in Identification test A.
Introduce an orthogonal Identification test B based on the retention time agreement in

accordance with the Assay procedure.
Include monograph format changes to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C134209

Comment deadline: January 31, 2014
Guanadrel Sulfate

USP38

USP38

PF 39(6): Nov.-Dec. 2013 267



(C10H19N3O2)2·H2SO4       524.63 

Guanidine (1,4-dioxaspiro[4.5]dec-2-ylmethyl)-, sulfate (2:1);     
(1,4-Dioxaspiro[4.5]dec-2-ylmethyl)guanidine sulfate (2:1)     [22195-34-2].

DEFINITION

Guanadrel Sulfate contains NLT 97.0% and NMT 103.0% of guanadrel sulfate
[(C10H19N3O2)2·H2SO4], calculated on the dried basis.

IDENTIFICATION

Change to read:
•  A.

Infrared Absorption 197M :
The IR absorption spectrum of a mineral oil dispersion of it exhibits maxima only at the same

wavelengths as that of a similar preparation of USP Guanadrel Sulfate RS. 
The spectrum of the sample corresponds to that of a similarly prepared USP Guanadrel Sulfate

RS.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Mobile phase:  Prepare a mixture of 530 mL of water and 470 mL of methanol containing
6.35 g of dl-10-camphorsulfonic acid sodium salt and 0.8 g of ammonium nitrate. Adjust
with glacial acetic acid, if necessary, to a pH of 5.0–5.5.

System suitability solution:  10 mg/mL of USP Guanadrel Sulfate RS and 12 mg/mL of
ethylparaben in Mobile phase

Standard solution:  10 mg/mL of USP Guanadrel Sulfate RS in Mobile phase
Sample solution:  10 mg/mL of Guanadrel Sulfate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
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Column:  4- to 4.6-mm × 25- to 30-cm stainless steel; packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for guanadrel and ethylparaben are 0.8 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 1.6 between guanadrel and ethylparaben, System suitability solution
Relative standard deviation:  NMT 2.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of guanadrel sulfate [(C10H19N3O2)2·H2SO4] in the portion of
Guanadrel Sulfate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of guanadrel from the Sample solution
rS= peak response of guanadrel from the Standard solution
CS= concentration of USP Guanadrel Sulfate RS in the Standard solution (mg/mL)
CU= concentration of Guanadrel Sulfate in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.5%

•  Heavy Metals, Method II 231 : NMT 20 ppm

SPECIFIC TESTS

•  Loss on Drying 731
Analysis:  Dry at room temperature at a pressure not exceeding 5 mm of mercury for 16 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

•  USP Reference Standards 11
USP Guanadrel Sulfate RS 

BRIEFING

Guanadrel Sulfate Tablets, USP 36 page 3787. It is proposed to revise the monograph as
follows:

1. Revise the test for Uniformity of Dosage Units to allow the flexibility of UDU testing by
weight variation or by HPLC.

2. Introduce an orthogonal Identification test B based on the retention time agreement in
accordance with the Assay.
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3. Include monograph format changes to reflect current USP style.

(SM2: S. Ramakrishna.)
Correspondence Number—C134211

Comment deadline: January 31, 2014
Guanadrel Sulfate Tablets

DEFINITION

Guanadrel Sulfate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
guanadrel sulfate [(C10H19N3O2)2·H2SO4].

IDENTIFICATION
•  A.

Sample:  Equivalent to 4 mg of guanadrel sulfate from a portion of 1 finely powdered Tablet
Analysis:  Add 2 mL of a 1% aqueous alkaline solution of 1-naphthol (containing 6 g of

sodium hydroxide and 16 g of sodium carbonate per 100 mL of water) and 1 mL of 2,3-
butanedione solution (1 in 2000) to the Sample. Allow to stand at room temperature.

Acceptance criteria:  An intense, pinkish-red color develops.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
•  Procedure

Mobile phase:  Prepare a mixture of 530 mL of water and 470 mL of methanol containing
about 6.35 g of dl-10-camphorsulfonic acid sodium salt and 0.8 g of ammonium nitrate.
Adjust with glacial acetic acid, if necessary, to a pH of 5.0–5.5.

System suitability solution:  10 mg/mL of USP Guanadrel Sulfate RS and 12 mg/mL of
ethylparaben in Mobile phase

Standard solution:  10 mg/mL of USP Guanadrel Sulfate RS in Mobile phase
Sample solution:   Nominally equivalent to 10 mg/mL of guanadrel sulfate in Mobile phase

from a suitable number of Tablets. Shake by mechanical means for 20 min, and centrifuge
if necessary.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Refractive index
Column:  4- to 4.6-mm × 25- to 30-cm stainless steel; packing L1
Flow rate:  1.5 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for guanadrel and ethylparaben are 0.8 and 1.0,

respectively.]
Suitability requirements 
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Resolution:  NLT 1.6 between guanadrel and ethylparaben, System suitability solution
Relative standard deviation:  NMT 2.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of guanadrel sulfate
[(C10H19N3O2)2·H2SO4] in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Guanadrel Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of guanadrel sulfate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  pH 6.8 phosphate buffer; 900 mL
Apparatus 2:  50 rpm
Time:  20 min
Standard stock solution:  0.5 mg/mL of USP Guanadrel Sulfate RS in Medium
Standard solution:  0.0125 mg/mL of USP Guanadrel Sulfate RS in Medium from Standard

stock solution
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Color reagent stock solution:  Prepare separately sodium nitroferricyanide solution (1 in

10), potassium ferricyanide solution (1 in 10), and sodium hydroxide solution (1 in 10), and
store in separate amber-colored bottles. Mix an equal and sufficient volume of each of
these solutions, in the order listed, and allow to stand for about 15 min. The solution
changes from a deep red-black to a yellow-green color. Dilute the resulting solution in
water to obtain a 1 in 10 dilution. 
Prepare the Color reagent stock solution on the day of use.

[Note—The 10% aqueous solutions are stable for about 2 months.]
Color reagent solution:  Dilute 50.0 mL of Color reagent stock solution with water to

volume in a 500-mL volumetric flask.
Color reagent blank:  Transfer 40.0 mL of Medium to a container, and add 8.0 mL of Color

reagent solution. Prepare this solution concurrently with the preparation of Standard
solution and Sample solution.

Instrumental conditions 
Mode:  UV-Vis
Analytical wavelength:  Maximum absorbance at about 494 nm
Cell:  5 cm

Analysis 
Samples:  Standard solution and Sample solution

For Tablets containing less than 25 mg/Tablet, transfer 20.0 mL of the filtered solution to
a container. For Tablets containing 25 mg or more, transfer 10.0 mL of the filtered solution
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and 10.0 mL of Medium to a container. Transfer 20.0 mL of Standard solution to another
similar container. Separately add 4.0 mL of Color reagent solution to Sample solution and
Standard solution. Once Color reagent solution has been added to the filtered dissolution
specimens and mixed, determine the absorbances such that none of the solutions stands
for less than 20 min or more than 80 min. 
Calculate the percentage of the labeled amount of guanadrel sulfate
[(C10H19N3O2)2·H2SO4] dissolved by comparing the absorbances of the solutions from the
Standard solution and Sample solution, using the Color reagent blank in the reference cell.

Tolerances:  NLT 70% of the labeled amount of guanadrel sulfate [(C10H19N3O2)2·H2SO4] is
dissolved.

Change to read:

•  Uniformity of Dosage Units 905 : Meet the requirements for Content uniformity.
Procedure for content uniformity 
Color reagent solution:  Prepare as directed in the test for Dissolution.
Standard solution:  0.1 mg/mL of USP Guanadrel Sulfate RS in water. Transfer a 10.0-mL

portion into a container for analysis.
Sample solution:  Transfer 1 Tablet to a 100-mL volumetric flask, dilute to volume with

water, and shake the flask vigorously for 4 min. Transfer NLT 25 mL of the solution to a
vial, and centrifuge for 10 min. Transfer a measured volume of this solution, nominally
equivalent to 1 mg of guanadrel sulfate, to another container, and dilute, if necessary,
with water to a volume of 10.0 mL.

Instrumental conditons:  
Mode:  UV–Vis
Analytical wavelength:  maximum absorbance at about 494 nm
Cell :  1–cm.

Analysis:  
Samples:  Standard solution and Sample solution

Separately add 4.0 mL of the Color reagent solution to the Standard solution, the Sample
solution, and 10.0 mL of water to provide the blank. Mix the solutions and allow to stand
for 10 min. Within 5 min, determine the absorbances of the solutions at the wavelength
of maximum absorbance against the blank.

Calculate the percentage of guanadrel sulfate (C10H19N3O2)2·H2SO4 in the Tablet taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the solution from the Sample solution
AS= absorbance of the solution from the Standard solution
CS= concentration of USP Guanadrel Sulfate RS in the Standard solution
CU= nominal concentration of guanadrel sulfate in the Sample solution

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Guanadrel Sulfate RS 
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BRIEFING

Hydroxyzine Pamoate, USP 36 page 3865. On the basis of comments received, it is proposed
to revise the monograph as follows:

1. Remove the use of dimethylformamide in the Assay.
2. Replace the use of USP Hydroxyzine Hydrochloride RS with USP Hydroxyzine Pamoate RS

in the Assay. The replacement has been validated using the µBondapak C18 and
Symmetry C18 brands of L1 columns manufactured by Waters.

3. Update the system suitability requirements in the Assay as follows:
a. Replace the use of the Sample solution with the Standard solution to meet the

resolution requirement.
b. Delete the column efficiency requirement.
c. Add a tailing factor requirement for hydroxyzine.
d. Specify that the relative standard deviation requirement applies to hydroxyzine.

4. Revise Identification test B to support the proposed revisions in the Assay.
5. Revise the packaging and storage conditions.
6. Remove the reference to USP Hydroxyzine Hydrochloride RS from the USP Reference

Standards section to support the proposed revisions in the Assay.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

Interested parties are encouraged to submit validated impurity procedures with supporting data
to further improve the monograph.

(SM4: H. Joyce.)
Correspondence Number—C128440

Comment deadline: January 31, 2014
Hydroxyzine Pamoate

C21H27ClN2O2·C23H16O6       763.27 

Ethanol, 2-[2-[4-[(4-chlorophenyl)phenylmethyl]-1-piperazinyl]ethoxy]-, (±)-, compd. with
4,4¢-methylenebis[3-hydroxy-2-naphthalenecarboxylic acid] (1:1);     
(±)-2-[2-[4-(p-Chloro- -phenylbenzyl)-1-piperazinyl]ethoxy]ethanol 4,4¢-methylenebis[3-
hydroxy-2-naphthoate] (1:1)     [10246-75-0].

DEFINITION

Hydroxyzine Pamoate contains NLT 97.0% and NMT 102.0% of hydroxyzine pamoate
(C21H27ClN2O2·C23H16O6), calculated on the anhydrous basis.

PF 39(6): Nov.-Dec. 2013 273



IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.
The retention times of hydroxyzine and pamoic acid of the Sample solution correspond to

those of the Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure 

Solution A:  4.3 g/L of sodium 1-octanesulfonate prepared as follows. Transfer a suitable
quantity of sodium 1-octanesulfonate to an appropriate volumetric flask and add 50% of
the flask volume of water. Add 0.2% of the flask volume of phosphoric acid and dilute
with water to volume. Filter through a membrane filter with a pore size 0.5 µm or finer.

Mobile phase:  Acetonitrile and Solution A (55:45)
Standard stock solution:  1 mg/mL of USP Hydroxyzine Hydrochloride RS in

dimethylformamide
Standard solution:  0.02 mg/mL of hydroxyzine hydrochloride from the Standard stock

solution in Mobile phase filtered through a membrane filter with a pore size of 0.5 µm or
finer.

Sample stock solution:  1.8 mg/mL of Hydroxyzine Pamoate in dimethylformamide
Sample solution:  0.036 mg/mL of Hydroxyzine Pamoate from the Sample stock solution in

Mobile phase filtered through a membrane filter with a 0.5 µm or finer pore size. Discard
the first 5 mL of the filtrate.
Solution A:  4.3 g/L of sodium 1-octanesulfonate prepared as follows. Dissolve a suitable
quantity of sodium 1-octanesulfonate in water. Add 2.0 mL of phosphoric acid per L of
solution.
Mobile phase:  Acetonitrile and Solution A (55:45)
Standard stock solution:  0.18 mg/mL of USP Hydroxyzine Pamoate RS in methanol

prepared as follows. Transfer a suitable quantity of USP Hydroxyzine Pamoate RS to an
appropriate volumetric flask. Add about 75% of the flask volume of methanol.
Sonication may be used to aid in dissolution. Dilute with methanol to volume.

Standard solution:  0.036 mg/mL of hydroxyzine pamoate from the Standard stock
solution in Mobile phase

Sample stock solution:  0.18 mg/mL of Hydroxyzine Pamoate in methanol prepared as
follows. Transfer a suitable quantity of Hydroxyzine Pamoate to an appropriate
volumetric flask. Add about 75% of the flask volume of methanol. Sonication may be
used to aid in dissolution. Dilute with methanol to volume.

Sample solution:  0.036 mg/mL of Hydroxyzine Pamoate from the Sample stock solution
in Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  3.9-mm × 30-cm; packing L1

USP38
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3.9-mm × 30-cm; 10-µm packing L1 or 4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  50 µL

Run time:  1.5 times the retention time of pamoic acid
System suitability 

Sample:  Standard solution and Sample solution

[Note—The relative retention times for hydroxyzine and pamoic acid are about 1.0 and
2.0,
1.0 and 1.6,

respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between hydroxyzine and pamoic acid, Sample solution
Column efficiency:  NLT 2000 theoretical plates, Standard solution
Relative standard deviation:  NMT 2%, Standard solution

Resolution:  NLT 1.5 between hydroxyzine and pamoic acid
Tailing factor:  NMT 2.0 for hydroxyzine
Relative standard deviation:  NMT 1.0% for hydroxyzine

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of hydroxyzine pamoate (C21H27ClN2O2·C23H16O6) in the portion
of Hydroxyzine Pamoate taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

Result = (rU/rS) × (CS/CU) × 100

rU= peak response
of hydroxyzine

from the Sample solution
rS= peak response

of hydroxyzine
from the Standard solution

CS= concentration of USP Hydroxyzine Hydrochloride RS
USP Hydroxyzine Pamoate RS

in the Standard solution (mg/mL)
CU= concentration of Hydroxyzine Pamoate in the Sample solution (mg/mL)
Mr1= molecular weight of hydroxyzine pamoate, 763.27
Mr2= molecular weight of hydroxyzine hydrochloride, 447.83

Acceptance criteria:  97.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : 20 ppm

SPECIFIC TESTS

USP38

USP38

USP38

USP38
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•  Water Determination, Method I 921 : NMT 5.0%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.

Preserve in tight, light-resistant containers, and store below 30 .

Change to read:

•  USP Reference Standards 11
USP Hydroxyzine Hydrochloride RS 

USP Hydroxyzine Pamoate RS 
USP Pamoic Acid RS  

C23H16O6      388.38

BRIEFING

Idarubicin Hydrochloride Injection. Because there is no existing USP monograph for this drug
product, a new monograph is proposed based on the validated methods of analysis. The
liquid chromatographic procedure in the Assay is based on analyses performed with the 5-µm
Cosmosil C8 brand of L7 column. The typical retention time for idarubicin hydrochloride using
the Assay procedure is 2.7 min. The liquid chromatographic procedure in the Organic
Impurities test is based on analyses performed using the 5-µm Hypersil BDS C8 brand of L7
column. The typical retention time for idarubicin hydrochloride in the Organic Impurities test
is 25.4 min.

(SM1: S. Shivaprasad.)
Correspondence Number—C126766

Comment deadline: January 31, 2014

Add the following:
Idarubicin Hydrochloride Injection

DEFINITION

Idarubicin Hydrochloride Injection is a sterile solution in water. It contains NLT 90.0% and NMT
110.0% of the labeled amount of idarubicin hydrochloride (C26H27NO9·HCl).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  2.9 g/L of sodium lauryl sulfate in water. To each liter of this solution add 1.3 mL of
phosphoric acid.

Mobile phase:  Acetonitrile and Buffer (1:1)
Standard solution:  0.04 mg/mL of USP Idarubicin Hydrochloride RS in water

USP38

USP38
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Sample solution:  Nominally 0.04 mg/mL of idarubicin hydrochloride in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 50-mm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of idarubicin hydrochloride
(C26H27NO9·HCl) in the portion of Injection taken:

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

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Idarubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of idarubicin hydrochloride in the Sample solution (mg/mL)
P= potency of USP Idarubicin Hydrochloride RS (µg/mg)
F= conversion factor, 0.001 mg/µg

Acceptance criteria:  90.0%–110.0%

IMPURITIES
•  Organic Impurities

Buffer:  2.9 g/L of sodium lauryl sulfate and 2.3 g/L of 85% phosphoric acid in water
Mobile phase:  Tetrahydrofuran, methanol, and Buffer (25:15:60)
Diluent A:  2.3 g/L of 85% phosphoric acid in water
Diluent B:  Tetrahydrofuran, methanol, and Diluent A (25:15:60). Adjust with 2 N sodium

hydroxide to a pH of 3.6.
System suitability solution:  Transfer 10 mg of USP Idarubicin Hydrochloride RS into a 10-

mL volumetric flask. Add 1 mL of 0.1 N sodium hydroxide, and heat for 5 min at 80  to
dissolve. Then neutralize with 1 mL of 0.1 N hydrochloric acid, and dilute with Diluent B to
volume. Centrifuge, and use the supernatant immediately. This solution contains a mixture
of bis anhydro idarubicin aglycone and idarubicin hydrochloride.

Standard solution:  0.01 mg/mL of USP Idarubicin Hydrochloride RS in Diluent B
Sample solution:  Nominally 0.5 mg/mL of idarubicin hydrochloride in Diluent B
Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 254 and 272 nm. [Note—Measurement at 272 nm is for analysis of bis

anhydro idarubicin aglycone only.]
Column:  4.6-mm × 25-cm; 5-µm packing L7

Column temperature:  40
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between bis anhydro idarubicin aglycone and idarubicin
hydrochloride at 254 nm, System suitability solution

Relative standard deviation:  NMT 5.0% at 254 nm, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of bis anhydro idarubicin aglycone at 272 nm in the portion of
Injection taken:

Result = (rU/rS) × (CS/CU) × P × F1 × (1/F2) × 100

rU= peak response of bis anhydro idarubicin aglycone at 272 nm from the Sample solution
rS= peak response of idarubicin hydrochloride at 272 nm from the Standard solution
CS= concentration of USP Idarubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of idarubicin hydrochloride in the Sample solution (mg/mL)
P= potency of USP Idarubicin Hydrochloride RS (µg/mg)
F1= conversion factor, 0.001 mg/µg
F2= relative response factor (see Table 1)

Calculate the percentage of any other individual impurity (other than bis anhydro
idarubicin aglycone) at 254 nm in the portion of Injection taken:

Result = (rU/rS) × (CS/CU) × P × F1 × (1/F2) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of idarubicin hydrochloride from the Standard solution
CS= concentration of USP Idarubicin Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of idarubicin hydrochloride in the Sample solution (mg/mL)
P= potency of USP Idarubicin Hydrochloride RS (µg/mg)
F1= conversion factor, 0.001 mg/µg
F2= relative response factor (see Table 1)

Acceptance criteria:  See Table 1. Disregard threshold 0.04%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)
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Idarubicin aglyconea 0.3 1.5 1.0
Idarubicin TFAb 0.6 1.0 0.5
Idarubicin TFA (acetate)c 0.8 1.0 0.5
Bis anhydro idarubicin aglyconed,e 0.9 1.3 0.5
Idarubicin hydrochloride 1.0 — —
Carubicin hydrochloridef 1.2 0.62 0.5
Any other individual impurity — — 0.2
Total impurities — — 3.0

a  5,12-Naphthacenedione,9-acetyl-7,8,9,10-tetrahydro-6,7,9,11-tetrahydroxy-, (7S,9S)-.

b  5,12-Naphthacenedione,9-acety1-7,8,9,10-tetrahydro-6,9,11-trihydroxy-7-[[2,3,6-
trideoxy-3-[(trifluoroacetyl)amino]- -l-lyxo-hexopyranosyl]oxy]-, (7S,9S)-.

c  5,12-Naphthacenedione,9-acetyl-7-[[4-0-acetyl-2,3,6-trideoxy-3-
[(trifluoroacetyl)amino]- -l-lyxo-hexopyranosyl]oxy]-7,8,9,10-tetrahydro-6,9,11-
trihydroxy-, (7S,9S)-.

d  5,12-Naphthacenedione,8-acetyl-6,11-dihydroxy.
e  This peak is measured at 272 nm.
f  5,12-Naphthacenedione,8-acetyl-10-[(3-amino-2,3,6-trideoxy- -l-lyxo-

hexopyranosyl)oxy]-7,8,9,10-tetrahydro-1,6,8,11-tetrahydroxy-, (8S,10S)-,
hydrochloride.

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : Contains NMT 8.9 USP Endotoxin Units/mg of idarubicin
hydrochloride

•  Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration

•  pH 791 : 3.0–4.5

•  Osmolality and Osmolarity 785 : 240–340 mOsmol/kg

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Constituted Solution: At the time of use, it meets the requirements in Injections 1 ,
Constituted Solutions.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight containers as described in Injections 1 ,

Containers for Sterile Solids. Store at 2 –8 , protected from light.

•  Labeling: Meets the requirements in Injections 1 , Labeling

•  USP Reference Standards 11
USP Endotoxin RS
USP Idarubicin Hydrochloride RS 

BRIEFING
USP38
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Imatinib Mesylate. Because there is no existing USP monograph for this drug substance, a
new monograph, based on validated methods of analysis, is being proposed.

1. The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses performed with the Symmetry C18 brand of L1
column. The typical retention time for imatinib is about 10 min.

2. The gas chromatographic procedure in the test for Limit of Isopentyl Methanesulfonate
is based on analyses performed with the DB-5 brand of G27 column. The typical
retention time for isopentyl methanesulfonate is about 11 min.

3. The liquid chromatographic procedure in the test for Limit of Imatinib Related
Compound F is based on analyses performed with the XTerra MS C18 brand of L1
column. The typical retention time for imatinib related compound F is about 4.4 min.

4. The gas chromatographic procedure in the test for Limit of 1-Methylpiperazine is based
on analyses performed with the DB-17 brand of G3 column. The typical retention time
for 1-methylpiperazine is about 7.6 min.

5. The liquid chromatographic procedure in the test for Limit of 3-Acetylpyridine is based
on analyses performed with the Symmetry C18 brand of L1 column. The typical
retention time for 3-acetylpyridine is about 1.5 min.

6. The liquid chromatographic procedure in the test for Limit of Dimethylamine is based on
analyses performed with the Dionex IonPac CS14 brand of L53 column. The typical
retention time for dimethylamine is about 7 min.

(SM3: F. Mao.)
Correspondence Number—C105002

Comment deadline: January 31, 2014

Add the following:
Imatinib Mesylate

C29H31N7O·CH4O3S       589.71 
C29H31N7O       493.60 

Benzamide, 4-[(4-methyl-1-piperazinyl)methyl]-N-[4-methyl-3-[[4-(3-pyridinyl)-2-
pyrimidinyl]aminophenyl]-, methanesulfonate salt;     
N-(4-Methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}phenyl)-4-[(4-methylpiperazin-1-
yl)methyl]benzamide mesylate     [220127-57-1].
Imatinib     [152459-95-5].

DEFINITION

Imatinib Mesylate contains NLT 98.0% and NMT 102.0% of imatinib mesylate
(C29H31N7O·CH4O3S), calculated on the anhydrous basis.
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IDENTIFICATION

•  A. Infrared Absorption 197M
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluent A:  Acetonitrile and water (30:70)
Diluent B:  Acetonitrile and water (90:10)
Diluted phosphoric acid:  10% (v/v) phosphoric acid in water
Solution A:  2.3 g of octanesulfonic acid sodium salt monohydrate in 1 L of Diluent A. Add

1.2 mL of Diluted phosphoric acid, and mix.
Solution B:  2.3 g of octanesulfonic acid sodium salt monohydrate in 1 L of Diluent B. Add

1.2 mL of Diluted phosphoric acid, and mix.
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 98 2
16 98 2
20 50 50
22 98 2

System suitability solution:  0.5 mg/mL of USP Imatinib System Suitability Mixture RS in
Diluent A

Standard solution:  0.5 mg/mL of USP Imatinib Mesylate RS in Diluent A
Sample solution:  0.5 mg/mL of Imatinib Mesylate in Diluent A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 267 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  2.3 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—See Table 2 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between imatinib and desmethyl imatinib, System suitability
solution

Relative standard deviation:  NMT 0.73%, Standard solution
Analysis 

Samples:   Standard solution and Sample solution

Calculate the percentage of imatinib mesylate (C29H31N7O·CH4O3S) in the portion of
Imatinib Mesylate taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Imatinib Mesylate RS in the Standard solution (mg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

Solution A, Solution B, Mobile phase, System suitability solution, Sample solution,
and Chromatographic system:  Proceed as directed in the Assay.

Diluent:  Acetonitrile and water (30:70)
Standard stock solution:  Use the Standard solution in the Assay.
Standard solution:  2.5 µg/mL of USP Imatinib Mesylate RS in Diluent from the Standard

stock solution
Sensitivity solution:  0.25 µg/mL of USP Imatinib Mesylate RS in Diluent from the Standard

solution
System suitability 

Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.0 between imatinib and desmethyl imatinib, System suitability
solution

Relative standard deviation:  NMT 2.0%, Standard solution
Peak-to-valley ratio:  The ratio of the height of the imatinib dioxide peak to the height

of the valley between the imatinib dioxide peak and imatinib is NLT 1.5, System
suitability solution

Signal-to-noise ratio:  NLT 10, Sensitivity solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Imatinib Mesylate taken:

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

rU= peak area of each impurity from the Sample solution
rS= peak area of imatinib from the Standard solution
CS= concentration of USP Imatinib Mesylate RS in the Standard solution (mg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 2)

Acceptance criteria:  See Table 2. Disregard any impurity peak less than 0.05%.

Table 2
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Imatinib related compound Aa 0.11 0.61 0.1

Imatinib guanidine analogb 0.54 0.50 0.1

Imatinib dioxidec 0.93 1.0 0.10

Imatinib 1.0 — —
Desmethyl imatinibd 1.21 0.94 0.3

Imatinib dimere 1.89 0.77 0.2

Any unspecified impurity — 1.0 0.10
Total impurities — — 0.8

a  (E)-3-Dimethylamino-1-(pyridin-3-yl)prop-2-en-1-one.
b  N-(3-Guanidino-4-methylphenyl)-4-[(4-methylpiperazin-1-yl)methyl]benzamide.
c  1-Methyl-4-{4-[(4-methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-

yl]amino}phenyl)carbamoyl]benzyl}piperazine 1,4-dioxide.
d  N-(4-Methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}phenyl)-4-(piperazin-1-

ylmethyl)benzamide.
e  1-Methyl-1,4-bis{4-[(4-methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-

yl]amino}phenyl)carbamoyl]benzyl}piperazin-1-ium chloride.
•  Limit of Isopentyl Methanesulfonate
[Caution—Isopentyl methanesulfonate is a potentially mutagenic compound. Great care should

be taken to prevent inhaling particles and exposing the skin to it.]
Standard stock solution:  0.15 µg/mL of USP Isopentyl Methanesulfonate RS in hexane
Standard solution:  Transfer 1.0 mL of Standard stock solution and 1.0 mL of water to a

test tube, and shake thoroughly for 30 s to mix the two phases. Allow the two phases to
separate, and use the upper layer for analysis.

Sample solution:  Dissolve 150 mg of Imatinib Mesylate in 1.0 mL of water in a test tube.
Transfer 1.0 mL of hexane to the same test tube, and shake thoroughly for 30 s to mix
the two phases. Allow the two phases to separate, and use the upper layer for analysis.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame-ionization
Precolumn:  2-m × 0.53-mm, deactivated fused silica
Column:  15-m × 0.32-mm, 0.25-µm coating of G27
Temperatures 

Detector:  320
Column:  See Table 3.

Table 3

Initial
Temperature 

( )

Temperature
Ramp 

( /min)

Final
Temperature 

( )

Hold Time at 
Final Temperature

(min)

40 0 40 2
40 5 120 0
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120 25 270 2
Carrier gas:  Helium
Flow rate:  4.9 mL/min
Injection technique:  Cool on column
Injection volume:  4 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 20%
Signal-to-noise ratio:  NLT 10

Analysis 
Samples:  Standard solution and Sample solution

Identify the peak for isopentyl methanesulfonate in the Sample solution by the retention
time of isopentyl methanesulfonate in the Standard solution. The peak area of isopentyl
methanesulfonate in the Sample solution is NMT the peak area of isopentyl
methanesulfonate in the Standard solution.

Acceptance criteria:  NMT 1 ppm
•  Limit of Imatinib Related Compound F
[Caution—Imatinib related compound F is a potentially mutagenic compound. Great care should

be taken to prevent inhaling particles and exposing the skin to it.]
Solution A:  1.26 g/L of ammonium formate in water. Adjust with formic acid to a pH of 3.4–

3.5.
Solution B:  Dilute 0.5 mL of formic acid with acetonitrile to 1000 mL.
Mobile phase:  See Table 4.

Table 4

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
6 80 20
10 20 80
15 20 80

15.1 80 20
20 80 20

Diluent:  Acetonitrile and water (30:70)
Standard solution:  0.01 µg/mL of USP Imatinib Related Compound F RS in Diluent
Sensitivity solution:  0.0025 µg/mL of USP Imatinib Related Compound F RS in Diluent from

the Standard solution
Sample solution:  0.005 g/mL of Imatinib Mesylate in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  MS SIM m/z 278.2
MS conditions  
[Note—MS conditions can be modified in order to optimize the performance.]

Mode:  Positive
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Capillary voltage:  +3000 V
Drying gas:  12 L/min

Gas temperature:  350
Nebulizer pressure:  60 psig

Column:  3-mm × 15-cm; 3.5-µm packing L1

Column temperature:  40
Flow rate:  0.5 mL/min
Delay time:  3.5 min
Injection volume:  10 µL

System suitability 
Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 20%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the amount, in ppm, of imatinib related compound F in the portion of Imatinib
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2)

rU= peak area of imatinib related compound F from the Sample solution
rS= peak area of imatinib related compound F from the Standard solution
CS= concentration of USP Imatinib Related Compound F RS in the Standard solution (µg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (g/mL)
Mr1= molecular weight of imatinib mesylate (C29H31N7O·CH4O3S), 589.71
Mr2= molecular weight of imatinib (C29H31N7O), 493.60

Acceptance criteria:  NMT 2 ppm
•  Limit of 1-Methylpiperazine 

All Standard stock solutions are prepared in duplicate in order to prevent the loss of 1-
methylpiperazine by adsorption. The first preparations are used for conditioning the surface
of the volumetric flasks by agitating the solutions for 1 min. The solutions are then
discarded. Each of the volumetric flasks is rinsed with 5 mL of dried pyridine and re-used
for the second preparation.

Standard stock solution 1:  100 µg/mL of USP Cyclizine Related Compound A RS in dried
pyridine

Standard stock solution 2:  10 µg/mL of USP Cyclizine Related Compound A RS in dried
pyridine from Standard stock solution 1

Standard stock solution 3:  4 µg/mL of USP Cyclizine Related Compound A RS in dried
pyridine from Standard stock solution 2

Derivatization agent:  1% tert-Butyldimethylsilyl chloride in N-(tert-butyldimethyl-silyl)-N-
methyl-trifluoroacetamide

Standard solution:  Transfer 1.0 mL of Standard stock solution 2 into an autosampler vial.
Add 1.0 mL of dried pyridine and 0.2 mL of Derivatization agent, and close the vial

immediately. Heat at 60  for 1.5 h, and then store at room temperature for at least 12 h

PF 39(6): Nov.-Dec. 2013 285



before injection.
Sensitivity solution:  Transfer 1.0 mL of Standard stock solution 3 into an autosampler

vial. Add 1.0 mL of dried pyridine and 0.2 mL of Derivatization agent, and close the vial

immediately. Heat at 60  for 1.5 h, and then store at room temperature for at least 12 h
before injection.

Sample solution:  Transfer 20 mg of Imatinib Mesylate into an autosampler vial. Add 1.0 mL
of dried pyridine and 0.2 mL of Derivatization agent, and close the vial immediately. Heat

at 60  for 1.5 h, and then store at room temperature for at least 12 h before injection.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  GC
Detector:  Flame-ionization
Column:  30-m × 0.53-mm, 1-µm coating of G3
Temperatures 

Injection port:  200

Detector:  280
Column:  See Table 5.

Table 5

Initial
Temperature

( )

Temperature
Ramp

( /min)

Final
Temperature

( )

Hold Time at
Final Temperature

(min)

80 0 80 1
80 12 250 0
250 30 280 5

Injection type:  Splitless, 1 min
Carrier gas:  Helium
Column head pressure:  4.4 psi
Split flow rate:  30 mL/min
Injection volume:  0.5 µL

System suitability 
Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 15%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the amount, in ppm, of 1-methylpiperazine in the portion of Imatinib Mesylate
taken:

Result = (rU/rS) × (CS/CU)

rU= peak area of 1-methylpiperazine from the Sample solution
rS= peak area of 1-methylpiperazine from the Standard solution
CS= concentration of USP Cyclizine Related Compound A RS in the Standard solution (µg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (g/mL)
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Acceptance criteria:  NMT 500 ppm
•  Limit of 3-Acetylpyridine

Diluent A:  Acetonitrile and water (30:70)
Diluent B:  Acetonitrile and water (90:10)
Diluted phosphoric acid:  10% (v/v) phosphoric acid in water
Solution A:  2.3 g of octanesulfonic acid sodium salt monohydrate in 1 L of Diluent A. Add 1

mL of Diluted phosphoric acid, and mix.
Solution B:  2.3 g of octanesulfonic acid sodium salt monohydrate in 1 L of Diluent B. Add 1

mL of Diluted phosphoric acid, and mix.
Mobile phase:  See Table 6.

Table 6

Time
(min)

Solution A
(%)

Solution B
(%)

0 98 2
6 98 2
8 20 80
10 20 80

10.1 98 2
System suitability solution:  3.0 µg/mL each of USP 3-Acetylpyridine RS and USP Imatinib

Related Compound A RS in Diluent A
Standard solution:  3.0 µg/mL of USP 3-Acetylpyridine RS in Diluent A
Sensitivity solution:  0.75 µg/mL of USP 3-Acetylpyridine RS in Diluent A from the Standard

solution
Sample solution:  0.015 g/mL of Imatinib Mesylate in Diluent A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 227 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1

Column temperature:  35
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution

[Note—The relative retention times for imatinib related compound A and 3-acetylpyridine are
1.0 and 1.1, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between the 3-acetylpyridine and imatinib related compound A
peaks, System suitability solution

Relative standard deviation:  NMT 10%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the amount, in ppm, of 3-acetylpyridine in the portion of Imatinib Mesylate
taken:

Result = (rU/rS) × (CS/CU)

rU= peak area of 3-acetylpyridine from the Sample solution
rS= peak area of 3-acetylpyridine from the Standard solution
CS= concentration of USP 3-Acetylpyridine RS in the Standard solution (µg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (g/mL)

Acceptance criteria:  NMT 200 ppm
•  Limit of Dimethylamine
[Note—Dimethylamine co-elutes with potassium. The procedure is suitable only for potassium-

free drug substances.]
Solution A:  35 mM methanesulfonic acid in water
Solution B:  Water
Mobile phase:  See Table 7.

Table 7

Time
(min)

Solution A
(%)

Solution B
(%)

0 25 75
3.4 25 75
6 30 70
14 100 0

14.1 25 75
Standard stock solution:  1.8 mg/mL of USP Dimethylamine Hydrochloride RS in water
Standard solution:  4.5 µg/mL of USP Dimethylamine Hydrochloride RS in water from the

Standard stock solution
System suitability solution:  1.8 µg/mL of USP Dimethylamine Hydrochloride RS from the

Standard solution and 1 µg/mL each of sodium, ammonium, and calcium in water from
commerically available ion chromatography standards for sodium, ammonium, and calcium.

Sensitivity solution:  0.9 µg/mL of USP Dimethylamine Hydrochloride RS in water from the
Standard solution

Sample solution:  0.005 g/mL of Imatinib Mesylate in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  IC
Detector:  Conductivity
Precolumn:  4-mm × 5-cm; 8-µm packing L53
Column:  4-mm × 25-cm; 8-µm packing L53
Suppressor:  Cation self-regenerating suppressor
Suppressant:  Autosuppression
Flow rate:  1.0 mL/min
Injection volume:  250 µL

System suitability 
Samples:  Standard solution, System suitability solution, and Sensitivity solution

[Note—The relative retention times for sodium, ammonium, dimethylamine, and calcium are
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about 0.7, 0.8, 1.0, and 1.6, respectively.]
Suitability requirements 

Resolution:  NLT 1.3 between sodium and ammonium; NLT 1.5 between ammonium and
dimethylamine; and NLT 2.0 between dimethylamine and calcium, System suitability
solution

Relative standard deviation:  NMT 5%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the amount, in ppm, of dimethylamine in the portion of Imatinib taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2)

rU= peak area of dimethylamine from the Sample solution
rS= peak area of dimethylamine from the Standard solution
CS= concentration of USP Dimethylamine Hydrochloride RS in the Standard solution (µg/mL)
CU= concentration of Imatinib Mesylate in the Sample solution (g/mL)
Mr1= molecular weight of dimethylamine, 45.08
Mr2= molecular weight of dimethylamine hydrochloride, 81.55

Acceptance criteria:  NMT 500 ppm

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers, and store at room

temperature.

•  USP Reference Standards 11
USP 3-Acetylpyridine RS  

3-Acetylpyridine.     
C7H7NO      121.14

USP Cyclizine Related Compound A RS  
1-Methylpiperazine.     
C5H12N2      100.16

USP Dimethylamine Hydrochloride RS  
Dimethylamine Hydrochloride.     
(CH3)2NH·HCl      81.55

USP Imatinib Mesylate RS 
USP Imatinib Related Compound A RS  

(E)-3-Dimethylamino-1-(pyridin-3-yl)prop-2-en-1-one.     
C10H12N2O      176.22

USP Imatinib Related Compound F RS  
4-Methyl-N3-[4-(pyridin-3-yl)pyrimidin-2-yl]benzene-1,3-diamine.     
C16H15N5      277.32
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USP Imatinib System Suitability Mixture RS  
It contains imatinib mesylate and a small amount of imatinib related compound A,
imatinib guanidine analog, imatinib dioxide, desmethyl imatinib, and imatinib dimer.    

USP Isopentyl Methanesulfonate RS  
Isopentyl Methanesulfonate.     
C6H14O3S      166.24

BRIEFING

Imatinib Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is being proposed.

1. The liquid chromatographic procedure in the Assay and in the test for Organic
Impurities is based on analyses performed with the Waters Symmetry C18 brand of
L1 column. The typical retention time for imatinib is about 14.6 min.

2. The liquid chromatographic procedure in the test for Limit of Imatinib Related
Compound F is based on analyses performed with the XTerra MS C18 brand of L1
column. The typical retention time for imatinib related compound F is about 4.6 min.

(SM3: F. Mao.)
Correspondence Number—C105131

Comment deadline: January 31, 2014

Add the following:
Imatinib Tablets

DEFINITION

Imatinib Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of imatinib
(C29H31N7O).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Diluted phosphoric acid:  10% (v/v) phosphoric acid in water
Solution A:  Dissolve 7.5 g of octanesulfonic acid sodium salt monohydrate in 0.8 L of

water. Adjust with Diluted phosphoric acid to a pH of 2.5, and dilute with water to 1 L.
Solution B:  Methanol and Solution A (58:42)
Solution C:  Methanol and Solution A (96:4)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution B
(%)

Solution C
(%)

0 100 0
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15 100 0
25 30 70

25.1 100 0
30 100 0

Diluent:  Methanol and 0.1 M hydrochloric acid (6:4)
Standard solution:  0.72 mg/mL of USP Imatinib Mesylate RS in Diluent
Sample stock solution:  Nominally 5–8 mg/mL of imatinib in Diluent prepared as follows.

Transfer NLT 10 Tablets to a suitable volumetric flask, and dilute with Diluent to volume.
Stir magnetically for 60 min at 500 rpm, and centrifuge a portion of the solution. Use the
clear supernatant for the Sample solution preparation.

Sample solution:  Nominally 0.6 mg/mL of imatinib in Diluent from the Sample stock solution
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 268 nm
Column:  3.9-mm × 15-cm; 5-µm packing L1
Flow rate:  1.2 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of the labeled amount of imatinib (C29H31N7O) in the portion of
Tablets taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Imatinib Mesylate RS in the Standard solution (mg/mL)
CU= nominal concentration of imatinib in the Sample solution (mg/mL)
Mr1= molecular weight of imatinib, 493.60
Mr2= molecular weight of imatinib mesylate, 589.71

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  0.1 M hydrochloric acid; 1000 mL, deaerated
Apparatus 2:  50 rpm
Time:  15 min
Sample solution:  Centrifuge a portion of the solution under test, or pass a portion of the

solution under test through a glass fiber filter of 1-µm pore size, and discard the first 2–3
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mL.
Standard solution 

For Tablets labeled to contain 100 mg:   0.1 mg/mL of imatinib in Medium prepared
using USP Imatinib Mesylate RS

For Tablets labeled to contain 400 mg:   0.4 mg/mL of imatinib in Medium prepared
using USP Imatinib Mesylate RS

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV
Analytical wavelength:  264 nm
Cell 

For Tablets labeled to contain 100 mg:   0.2 cm
For Tablets labeled to contain 400 mg:   0.05 cm

Determine the percentage of the labeled amount of imatinib (C29H31N7O) dissolved:

(AU/AS) × CS × (V/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V= volume of Medium, 1000 mL
L= label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of imatinib (C29H31N7O) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Solution A, Solution B, Solution C, Mobile phase, Diluent, Sample solution, and
Chromatographic system:  Proceed as directed in the Assay.

System suitability solution:  0.7 mg/mL of USP Imatinib System Suitability Mixture RS in
Diluent

Standard stock solution:  Use the Standard solution from the Assay.
Standard solution:  1.5 µg/mL of USP Imatinib Mesylate RS in Diluent from the Standard

stock solution
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 7.0 between imatinib and desmethyl imatinib, System suitability
solution

Relative standard deviation:  NMT 10%, Standard solution
Analysis 

Samples:  Sample solution and Standard solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of each impurity from the Sample solution
rS= peak area of imatinib from the Standard solution
CS= concentration of USP Imatinib Mesylate RS in the Standard solution (mg/mL)
CU= nominal concentration of imatinib in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. Disregard any impurity peak less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Imatinib related compound Aa,b 0.11 —

Imatinib guanidine analogc,b 0.78 —

Imatinib 1.0 —
Desmethyl imatinibd,b 1.39 —

Imatinib dimere,b 1.60 —

Any individual unspecified impurity — 0.2
Total impurities — 0.5

a  (E)-3-Dimethylamino-1-(pyridin-3-yl)prop-2-en-1-one.
b  These are process impurities which are included in the Table for identification only.

These impurities are controlled in the drug substance. They are not to be reported for
the drug product and should not be included in the total impurities.

c  N-(3-Guanidino-4-methylphenyl)-4-[(4-methylpiperazin-1-yl)methyl]benzamide.
d  N-(4-Methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-yl]amino}phenyl)-4-(piperazin-1-

ylmethyl)benzamide.
e  1-Methyl-1,4-bis{4-[(4-methyl-3-{[4-(pyridin-3-yl)pyrimidin-2-

yl]amino}phenyl)carbamoyl]benzyl}piperazin-1-ium chloride.
•  Limit of Imatinib Related Compound F
[Caution—Imatinib related compound F is a potentially mutagenic compound. Great care should

be taken to prevent inhaling particles and exposing the skin to it.]
Solution A:  1.26 g/L of ammonium formate in water. Adjust with formic acid to a pH of 3.4–

3.5.
Solution B:  Dilute 0.5 mL of formic acid with acetonitrile to 1000 mL.
Mobile phase:  See Table 3.

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
6 80 20
10 20 80
15 20 80

15.1 80 20
20 80 20

Diluent:  Acetonitrile and water (30:70)
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Standard solution:  0.015 µg/mL of USP Imatinib Related Compound F RS in Diluent
System suitability solution:  0.005 µg/mL of USP Imatinib Related Compound F RS in

Diluent from the Standard solution
Sensitivity solution:  0.0025 µg/mL of USP Imatinib Related Compound F RS in Diluent from

the System suitability solution
Sample solution:  Nominally 0.0042 g/mL of imatinib in Diluent from NLT 5 finely powdered

Tablets, prepared as follows. Transfer a weighed quantity of the powder to a suitable
volumetric flask, and dilute with Diluent to volume. Stir for 60 min at 500 rpm. Centrifuge a
portion of the suspension until a clear supernatant is obtained. Use the clear supernatant
for analysis.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  MS SIM 278.2 m/z
MS conditions  [Note—MS conditions can be modified in order to optimize the

performance.]
Mode:  Positive
Capillary voltage:  +3000 V
Drying gas:  12 L/min

Gas temperature:  350
Nebulizer pressure:  60 psig

Column:  3-mm × 15-cm; 3.5-µm packing L1

Column temperature:  40
Flow rate:  0.5 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Sensitivity solution
Suitability requirements 

Relative standard deviation:  NMT 20%, System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the amount, in ppm, of imatinib related compound F in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU)

rU= peak area of imatinib related compound F from the Sample solution
rS= peak area of imatinib related compound F from the Standard solution
CS= concentration of USP Imatinib Related Compound F RS in the Standard solution (µg/mL)
CU= nominal concentration of imatinib in the Sample solution (g/mL)

Acceptance criteria:  NMT 3 ppm

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, and store at controlled room

PF 39(6): Nov.-Dec. 2013 294



temperature.

•  USP Reference Standards 11
USP Imatinib Mesylate RS 
USP Imatinib Related Compound F RS  

4-Methyl-N3-[4-(pyridin-3-yl)pyrimidin-2-yl]benzene-1,3-diamine.     
C16H15N5      277.32

USP Imatinib System Suitability Mixture RS  
It contains imatinib mesylate and small amounts of imatinib related compound A,
imatinib guanidine analog, imatinib dioxide, desmethyl imatinib, and imatinib dimer.    

BRIEFING

Imipenem, USP 36 page 3885. On the basis of comments received and as part of the USP
modernization effort, the following revisions are proposed:

1. A test for Identification based on retention time comparison is added to the monograph
to strengthen the public standard.

2. A test for Organic Impurities is added based on the European Pharmacopoeia 8.0
monograph for Imipenem Monohydrate. The Inertsil ODS-3 and YMC Hydrosphere C18
brands of L1 column are suitable for this procedure. The typical retention time for
imipenem is about 8 min.

3. The Assay procedure is replaced with one that is based on the same chromatographic
system as the test for Organic Impurities.

4. The test for Optical Rotation, Specific Rotation is revised based on supporting data and
for consistency with the European Pharmacopoeia 8.0 monograph.

5. The test for Loss on Drying is replaced with a test for Water Determination based on
comments received about challenges with the thermogravimetric procedure and for
consistency with the European Pharmacopoeia 8.0 monograph.

6. The test for Limit of Solvents is deleted because the requirements regarding residual
solvents in USP and NF articles within section 5.60.20 of the General Notices are
sufficient.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Wise.)
Correspondence Number—C126032

Comment deadline: January 31, 2014
Imipenem

USP38
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C12H17N3O4S·H2O       317.36 

1-Azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid, 6-(1-hydroxyethyl)-3-[[2-
(iminomethyl)amino]ethyl]thio]-7-oxo-, monohydrate, [5R-[5 ,6 (R*)]]-;     
(5R,6S)-3-[[2-(Formimidoylamino)ethyl]thio]-6-[(R)-1-hydroxyethyl]-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid monohydrate     [74431-23-5].
Anhydrous           299.35 
[64221-86-9].

DEFINITION

Imipenem contains the equivalent of NLT 98.0% and NMT 101.0% of imipenem monohydrate
(C12H17N3O4S·H2O).

IDENTIFICATION

•  A. Infrared Absorption 197M

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Mobile phase:  0.14 g/L of monobasic potassium phosphate in water, adjusted with 0.5 N
sodium hydroxide or 0.5 M phosphoric acid to a pH of 6.8 ± 0.1 before final dilution.

Standard solution:  0.4 mg/mL of USP Imipenem Monohydrate RS in Mobile phase. Store
this solution in an ice bath, and discard after 8 h.

Sample solution:  0.4 mg/mL of Imipenem in Mobile phase. Store this solution in an ice
bath, and discard the unused portion after 8 h.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 300 nm
Column:  4.6-mm × 30-cm; packing L1

USP38

PF 39(6): Nov.-Dec. 2013 296



Column temperature:  30 ± 1.0
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Column efficiency:  NLT 600 theoretical plates from the analyte peak
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of imipenem monohydrate(C12H17N3O4S·H2O) in the portion of
Imipenem taken:

Result = (rU/rS) × (CS/CU) × P × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Imipenem Monohydrate RS in the Standard solution (mg/mL)
CU= nominal concentration of imipenem in the Sample solution (mg/mL)
P = potency of imipenem in USP Imipenem Monohydrate RS (mg/mg)
Mr1= molecular weight of imipenem monohydrate, 317.36
Mr2= molecular weight of anhydrous imipenem, 299.34

Acceptance criteria:  98.0%–101.0%
Buffer A:   Dissolve 0.32 g of anhydrous sodium phosphate monobasic and 1.04 g of
anhydrous sodium phosphate dibasic in 900 mL of water. Adjust with dilute phosphoric
acid to a pH of 7.3, and dilute with water to 1 L.
Buffer B:  0.11 g/L of anhydrous sodium phosphate dibasic in water. Adjust with dilute

phosphoric acid to a pH of 6.8 before final dilution with water.
Solution A:  Acetonitrile and Buffer A (7:993)
Solution B:  Acetonitrile and Buffer A (250:750)
Diluent:  Acetonitrile and Buffer B (7:993)
Mobile phase:   See Table 1.

Table 1

Time 
(min)

Solution A 
(%)

Solution B 
(%)

0 100 0
9 100 0
24 68 32

24.5 50 50
29 50 50
30 100 0
35 100 0

System suitability solution:  Transfer 25 mg of USP Imipenem Monohydrate RS to a 25-
mL volumetric flask, add 2 mL of 0.02 N sodium hydroxide, and allow to stand for 5 min.
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Dilute with Diluent to volume, and mix. Prepare immediately before use.
Standard solution:  1 mg/mL of USP Imipenem Monohydrate RS in Diluent. Prepare

immediately before use.
Sample solution:  1 mg/mL of Imipenem in Diluent. Prepare immediately before use.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Temperatures 

Column:  30

Autosampler:  4
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for thienamycin and imipenem are 0.8 and 1.0,

respectively.]
Suitability requirements 

Relative standard deviation:  NMT 0.73%, Standard solution
Resolution:  NLT 3.5 between thienamycin and imipenem, System suitability solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of imipenem monohydrate (C12H17N3O4S·H2O) in the portion
of Imipenem taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × P × 100

rU= peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Imipenem Monohydrate RS in the Standard solution (mg/mL)
CU= concentration of Imipenem in the Sample solution (mg/mL)
Mr1= molecular weight of imipenem monohydrate, 317.36
Mr2= molecular weight of anhydrous imipenem, 299.34
P = potency of imipenem in USP Imipenem Monohydrate RS (mg/mg)

Acceptance criteria:  98.0%–101.0%

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:
•  Organic Impurities

Buffer A, Buffer B, Solution A, Solution B, Diluent, Mobile phase, System suitability
solution, Sample solution, and Chromatographic system:  Proceed as directed in the
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Assay.
Standard stock solution:  Use the Standard solution as directed in the Assay.
Standard solution:  10 µg/mL of USP Imipenem Monohydrate RS from the Standard stock

solution in Diluent. Prepare immediately before use.
Sensitivity solution:  0.3 µg/mL of USP Imipenem Monohydrate RS from the Standard

solution in Diluent. Prepare immediately before use.
System suitability 

Samples:  System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times for thienamycin and imipenem are 0.8 and 1.0,

respectively.]
Suitability requirements 

Relative standard deviation:  NMT 5.0%, Standard solution
Resolution:  NLT 3.5 between thienamycin and imipenem, System suitability solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of each individual impurity in the portion of Imipenem taken:

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

rU= peak response of each individual impurity from the Sample solution
rS= peak response of imipenem from the Standard solution
CS= concentration of USP Imipenem Monohydrate RS in the Standard solution (mg/mL)
CU= concentration of Imipenem in the Sample solution (mg/mL)
P= potency of imipenem in USP Imipenem Monohydrate RS (mg/mg)
F= relative response factor (see Table 2)

Acceptance criteria:   See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Imipenem open ring 4R-epimera 0.3 1.0 0.3

Imipenem open ring 4S-epimerb 0.4 1.0 0.3

Thienamycinc 0.8 0.42 1.0
Imipenem 1.0 — —
Any other individual impurity — 1.0 0.2
Total impurities — — 1.5

a  (2R,4R)-2-[(1S,2R)-1-Carboxy-2-hydroxypropyl]-4-(2-formimidamidoethylthio)-3,4-
dihydro-2H-pyrrole-5-carboxylic acid.

b  (2R,4S)-2-[(1S,2R)-1-Carboxy-2-hydroxypropyl]-4-(2-formimidamidoethylthio)-3,4-
dihydro-2H-pyrrole-5-carboxylic acid.

c  (5R,6S)-3-(2-Aminoethylthio)-6-[(R)-1-hydroxyethyl]-7-oxo-1-azabicyclo[3.2.0]hept-2-
ene-2-carboxylic acid.

Delete the following:
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Delete the following:
•  Limit of Solvents

Internal standard solution: Add 1 mL of n-propyl alcohol to 2000 mL of water.
Standard stock solution: Transfer 1.0 mL of acetone and 2.0 mL of isopropyl alcohol to a

1000-mL volumetric flask, dilute with water to volume, and mix.
Standard solution: 31.6 µg/mL of acetone and 63.2 µg/mL of isopropyl alcohol prepared as

follows. Transfer 1.0 mL of Standard stock solution and 5.0 mL of Internal standard
solution to a 25-mL volumetric flask, dilute with water to volume, and mix.

Sample solution: Transfer 250 mg of Imipenem to a 10-mL volumetric flask, add 4.0 mL of
1 N ammonium hydroxide, and dissolve by swirling. Add 2.0 mL of Internal standard
solution, dilute with water to volume, and mix.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame-ionization
Column: 3-mm × 1.8-m; 10% phase G16 on support S5
Temperature 

Injection port: 200

Detector: 250
Column: See Table 3.

Table 3

Initial 
Temperature 

( )

Temperature 
Ramp 

( /min)

Final 
Temperature 

( )

Hold Time at Final 
Temperature 

(min)

70 — 70 8
70 32 170 8

Carrier gas: Helium
Flow rate: 19 mL/min
Injection volume: 2 µL [use the solvent (water) flush technique]

System suitability 
Sample: Standard solution
[Note—The relative retention times for acetone, isopropyl alcohol, and n-propyl alcohol

are about 0.3, 0.5, and 1.0, respectively. ]
Suitability requirements 

Relative standard deviation: NMT 5.0% for each of the ratios of the response of the
respective analyte peak to the response of the n-propyl alcohol peak

Analysis 
Samples: Standard solution and Sample solution
[Note—Use peak areas where peak responses are indicated. ]

Calculate the percentage of acetone in the portion of Imipenem taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of acetone to n-propyl alcohol from the Sample solution
RS= peak response ratio of acetone to n-propyl alcohol from the Standard solution
CS= concentration of acetone in the Standard solution (µg/mL)
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CU= nominal concentration of acetone in the Sample solution (µg/mL)

Calculate the percentage of isopropyl alcohol in the portion of Imipenem taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of isopropyl alcohol to n-propyl alcohol from the Sample solution
RS= peak response ratio of isopropyl alcohol to n-propyl alcohol from the Standard solution
CS= concentration of isopropyl alcohol in the Standard solution (µg/mL)
CU= nominal concentration of isopropyl alcohol in the Sample solution (µg/mL)

Acceptance criteria: NMT 0.25% for the sum of acetone and isopropyl alcohol

SPECIFIC TESTS

•  Bacterial Endotoxins Tests 85 : NMT 0.17 USP Endotoxin Unit/mg where the label states
that Imipenem is sterile

Change to read:

•  Optical Rotation, Specific Rotation 781S
Buffer:  Dissolve 5 g of monobasic potassium phosphate and 11 g of dibasic potassium

phosphate in 1 L of water. Adjust with phosphoric acid or 5 N sodium hydroxide to a pH of
7 before final dilution with water.

Sample solution:  5 mg/mL in Buffer.
Prepare the solutions immediately before use.

Acceptance criteria:  +84  to + 89

+90  to +95  on the anhydrous basis

•  Crystallinity 695 : Meets the requirements

•  Sterility Tests 71
Sample solution:  6 g in 200 mL of Fluid A
Analysis:  Test as directed in Test for Sterility of the Product to Be Examined, Membrane

Filtration.
Acceptance criteria:  Where the label states that Imipenem is sterile, it meets the

requirements.

Delete the following:

•  Loss on Drying (seeThermal Analysis 891 )
Sample: 5–10 mg of Imipenem. Adjust the quantity taken for the determination, if

necessary, for instrument sensitivity.
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis on

an appropriately calibrated instrument. Heat the Sample at a rate of 20 /min under

vacuum. Record the thermogram to 200 , and calculate the weight loss at the plateau or

inflection point at about 150 . Weight loss occurring at temperatures above 160 ,
indicative of decomposition, is not to be interpreted as Loss on Drying.

Acceptance criteria: 5.0%–8.0%

Add the following:

USP38
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•  Water Determination 921
Analysis:  Use a Karl-Fischer reagent containing imidazole instead of pyridine and a clean

container for each determination.
Acceptance criteria:  5.0%–8.0%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Containers for Sterile
Solids, and store in a cold place.

•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile.

•  USP Reference Standards 11
USP Endotoxin RS
USP Imipenem Monohydrate RS 

BRIEFING

Imipramine Pamoate Capsules. Because there is no existing USP monograph for this dosage
form, a new monograph based on validated methods of analysis is being proposed. The liquid
chromatographic test procedures in the Assay, Dissolution, and Organic Impurities sections
are based on analyses performed with the XTerra RP18 brand of L1 column manufactured by
Waters Corporation. The typical retention times for imipramine in the Assay, Dissolution, and
Organic Impurities procedures are about 25.5, 9.3, and 25.2 min, respectively.

(SM4: D. Min, H. Joyce.)
Correspondence Number—C118410

Comment deadline: January 31, 2014

Add the following:
Imipramine Pamoate Capsules

DEFINITION

Imipramine Pamoate Capsules contain imipramine pamoate [(C19H24N2)2·C23H16O6] equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of imipramine hydrochloride
(C19H24N2·HCl).

IDENTIFICATION
•  A. The retention time of the imipramine peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Buffer:  5.2 g/L of dibasic potassium phosphate in water
Solution A:  Acetonitrile and Buffer (15:85). Adjust with phosphoric acid to a pH of 8.0.
Solution B:  Acetonitrile and Buffer (38:62). Adjust with phosphoric acid to a pH of 8.0.
Mobile phase:  See Table 1.

Table 1

USP38
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Time
(min)

Solution A
(%)

Solution B
(%)

0 90 10
10 70 30
20 35 65
30 35 65
31 90 10
35 90 10

Diluent:  Acetonitrile and water (75:25)
Standard stock solution:  0.75 mg/mL of USP Imipramine Pamoate RS in Diluent
Standard solution:  0.23 mg/mL of USP Imipramine Pamoate RS from the Standard stock

solution in Solution A. Pass a portion of the Standard solution through a suitable filter of
0.45-µm pore size.

Sample stock solution:  Transfer the contents of Capsules (NLT 5) into a suitable
volumetric flask, and drop the corresponding capsule shells. Add 10% of the flask volume
of acetonitrile, and sonicate for 10 min with intermittent shaking. Add 80% of the flask
volume of Diluent, and sonicate for 15 min with intermittent shaking. Allow to cool to room
temperature, and dilute with Diluent to volume.

Sample solution:  Nominally equivalent to 0.15 mg/mL of imipramine hydrochloride prepared
from the Sample stock solution in Solution A into a suitable volumetric flask. Pass a portion
of the Sample solution through a suitable filter of 0.45-µm pore size.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 269 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Autosampler temperature:  10
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for pamoic acid and imipramine are 0.3 and 1.0,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between pamoic acid and imipramine
Tailing factor:  NMT 2.0 for imipramine
Relative standard deviation:  NMT 2.0% for imipramine

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of imipramine pamoate [(C19H24N2)2·C23H16O6] equivalent to
the labeled amount of imipramine hydrochloride (C19H24N2·HCl) in the portion of Capsules
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F × 100

rU= peak response of imipramine from the Sample solution
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rS= peak response of imipramine from the Standard solution
CS= concentration of USP Imipramine Pamoate RS in the Standard solution (mg/mL)
CU= nominal concentration of imipramine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of imipramine hydrochloride, 316.8
Mr2= molecular weight of imipramine pamoate, 949.18
F = number of moles of imipramine hydrochloride equivalent to each mole of imipramine

pamoate, 2

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  0.1 N hydrochloric acid; 900 mL
Apparatus 1:  100 rpm
Time:  30 and 90 min
Buffer:  4.4 g/L of dibasic potassium phosphate in water
Mobile phase:  Acetonitrile, triethylamine, and Buffer (400:5:600). Adjust with phosphoric

acid to a pH of 8.0.
Diluent A:  Acetonitrile and water (75:25)
Diluent B:  20.4 g/L of monobasic potassium phosphate and 3 g/L of sodium hydroxide.

Adjust with 1 N sodium hydroxide or 1 N phosphoric acid to a pH of 7.4.
Standard stock solution:  0.63 mg/mL of USP Imipramine Pamoate RS in Diluent A
Standard solution:  0.038 mg/mL of USP Imipramine Pamoate RS from the Standard stock

solution prepared as follows. Transfer a suitable volume of the Standard stock solution to
an appropriate flask that already contains 60% of the flask volume of Diluent B and 30%
of the flask volume of Medium. Dilute with Diluent B to volume.

Sample stock solution:  Centrifuge a portion of the solution under test for 10 min at 5000
rpm. Use the supernatant. Replace the portion of solution removed from the vessel with

the same volume of fresh Medium at 37 .
Sample solution:  Nominally equivalent to about 0.025 mg/mL of imipramine hydrochloride

prepared from the Sample stock solution in Solution A in a suitable volumetric flask
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 252 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  30
Flow rate:  1.2 mL/min
Injection volume:  50 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the concentration (Ci) of imipramine pamoate [(C19H24N2)2·C23H16O6], in
mg/mL, equivalent to the labeled amount of imipramine hydrochloride (C19H24N2·HCl) in the
portion taken from the vessel at each time point (i):

Result i = (rU/rS) × (CS) × (Mr1/Mr2) × F

rU= peak response of imipramine from the Sample solution at the specified time point (i)
rS= peak response of imipramine from the Standard solution
CS= concentration of USP Imipramine Pamoate RS in the Standard solution (mg/mL)
Mr1= molecular weight of imipramine hydrochloride, 316.87
Mr2= molecular weight of imipramine pamoate, 949.18
F = number of moles of imipramine hydrochloride equivalent to each mole of imipramine

pamoate, 2

Calculate the percentage of imipramine pamoate [(C19H24N2)2·C23H16O6] equivalent to
the labeled amount of imipramine hydrochloride (C19H24N2·HCl) dissolved at each time
point (i):

Result1 = C1 × V × (1/L) × 100

Result2 = [(C2 × V) + (C1 × VS)] × (1/L) × 100

Ci= concentration of imipramine pamoate in the portion of sample withdrawn at the specified
time point (mg/mL)

V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
VS= volume of portion withdrawn from the vessel at each time point and replaced with fresh

Medium

Tolerances:  See Table 2.

Table 2

Time Point
(i)

Time
(min) Tolerances

1 30 NLT 40% (Q)
2 90 NLT 75% (Q)

The percentage of imipramine pamoate [(C19H24N2)2·C23H16O6] equivalent to the labeled
amount of imipramine hydrochloride (C19H24N2·HCl) dissolved at the times specified
conform to the tolerances in Table 2.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities 

Low-actinic glassware is required for the Organic Impurities test.
Buffer:  5.2 g/L of dibasic potassium phosphate in water
Solution A:  Acetonitrile and Buffer (2:100). Adjust with phosphoric acid to a pH of 7.2
Solution B:  Methanol and acetonitrile (70:30)
Mobile phase:  See Table 3.
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Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 62 38
12 62 38
25 50 50
65 20 80
70 20 80
75 62 38
95 62 38

System suitability solution:  1.5 mg/mL of USP Imipramine Pamoate RS and 0.001 mg/mL
each of USP Desipramine Hydrochloride RS, USP Depramine RS, and USP Iminodibenzyl RS
in Solution B. Pass a portion through a suitable membrane filter of 0.2-µm pore size, and
use the filtrate.

Standard solution:  0.015 mg/mL of USP Imipramine Pamoate RS in Solution B. Pass a
portion through a suitable membrane filter of 0.2-µm pore size, and use the filtrate.

Sample solution:  Nominally equivalent to 1 mg/mL of imipramine hydrochloride from NLT 20
Capsules prepared as follows. Transfer a portion of the contents of the Capsules
equivalent to 50 mg of imipramine hydrochloride to a 50-mL volumetric flask. Add 30 mL of
Solution B, and sonicate for 10 min in a cool water bath with intermittent shaking. Dilute
with Solution B to volume. Pass a portion through a suitable membrane filter of 0.2-µm
pore size, and use the filtrate.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1
Temperatures 

Column:  45

Autosampler:  10
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 4 for relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between desipramine and depramine peaks, and NLT 2.0 between
depramine and imipramine peaks, System suitability solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Capsules taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × F1 × (1/F2) × 100
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rU= peak response of each imipramine impurity from the Sample solution
rS= peak response of imipramine from the Standard solution
CS= concentration of the USP Imipramine Pamoate RS in the Standard solution (mg/mL)
CU= nominal concentration of imipramine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of imipramine hydrochloride, 316.87
Mr2= molecular weight of imipramine pamoate, 949.18
F1= number of moles of imipramine hydrochloride equivalent to each mole of imipramine

pamoate, 2
F2= relative response factor (see Table 4)

Acceptance criteria:  See Table 4. Disregard any degradation product peaks less than
0.02%.

Table 4

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%

w/w)

Pamoic acida 0.1 — —
Desipramine 0.40 1.0 0.10
Depramine 0.66 0.87 0.10
Imipramine 1.0 — —
Iminodibenzyl 1.3 1.5 0.10
Any individual unspecified degradation

product — 1.0 0.20
Total — — 0.75

a Included for identification only. This peak is due to the pamoate counterion; hence it is
not an impurity.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled

room temperature.

•  USP Reference Standards 11
USP Depramine RS  

3-(5H-Dibenzo[b,f]azepin-5-yl)-N,N-dimethylpropan-1-amine.     
C19H22N2      278.39

USP Desipramine Hydrochloride RS  
10,11-Dihydro-5-[3-(methylamino)propyl]-5H-dibenz[b,f]azepine.     
C18H22N2·HCl      302.84

USP Iminodibenzyl RS  
10,11-Dihydro-5H-dibenzo[b,f]azepine.     
C14H13N      195.28

USP Imipramine Pamoate RS 

BRIEFING
USP38
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Ipratropium Bromide, USP 36 page 3966. On the basis of comments received, it is proposed
to revise the monograph as follows:

1. Add a note to disregard the bromide counterion peak eluting at a relative retention time
of about 0.1 in the Organic Impurities procedure.

2. Provide additional details for the preparation of the Sample solution in pH 791 .
3. Clarify that the suitability requirement for the Relative standard deviation in both the

Assay and test for Organic Impurities applies to the ipratropium peak.
4. Revise the Packaging and Storage section to be consistent with an approved package

insert.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: M. Koleck.)
Correspondence Number—C110602

Comment deadline: January 31, 2014
Ipratropium Bromide

C20H30BrNO3·H2O       430.38 

8-Azoniabicyclo[3.2.1]octane-3-(3-hydroxy-1-oxo-2-phenylpropoxy)-8-methyl-8-(1-
methylethyl)-, bromide, monohydrate(endo,syn)-, (±)-;      
(8r)-3 -Hydroxy-8-isopropyl-1 h,5 h-tropanium bromide (±)-tropate monohydrate    
[66985-17-9].

DEFINITION

Ipratropium Bromide contains NLT 98.0% and NMT 102.0% of ipratropium bromide
(C20H30BrNO3·H2O), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197M

•  B. Identification Tests—General, Bromide 191
Sample solution:  10 mg/mL
Acceptance criteria:  Meets the requirements

•  C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY

Change to read:
•  Procedure

Solution A:  89 mg/mL of dibasic sodium phosphate dihydrate in water
Buffer:  14.3 g/L of monobasic sodium phosphate dihydrate and 2.0 g/L of

tetrapropylammonium chloride in water. Adjust with Solution A to a pH of 5.5 ± 0.2. Pass
through a nylon membrane filter of 0.45-µm or finer pore size.

Mobile phase:  Methanol and Buffer (13:87). [Note—Do not use the Mobile phase after 36
h.]

System suitability solution:  0.5 mg/mL of USP Ipratropium Bromide RS and 0.1 mg/mL of
USP Ipratropium Related Compound C RS in Mobile phase

Standard solution:  0.5 mg/mL of USP Ipratropium Bromide RS in Mobile phase
Sample solution:  0.5 mg/mL of Ipratropium Bromide in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  3.9-mm × 15-cm; 4-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  5 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for ipratropium related compound C and ipratropium

are about 0.7 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 4 between ipratropium related compound C and ipratropium
Tailing factor:  NMT 2.5 for the ipratropium peak
Relative standard deviation:  NMT 1%
for ipratropium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of ipratropium bromide (C20H30BrNO3·H2O) in the portion of
Ipratropium Bromide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ipratropium Bromide RS in the Standard solution (mg/mL)
CU= concentration of Ipratropium Bromide in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

USP38
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•  Heavy Metals, Method II 231 : NMT 10 ppm
•  Limit of Ipratropium Related Compound A

Standard stock solution:  0.05 mg/mL of USP Ipratropium Bromide Related Compound A RS
in methanol

Standard solution A:  0.02 mg/mL of USP Ipratropium Bromide Related Compound A RS in
methanol from the Standard stock solution

Standard solution B:  0.01 mg/mL of USP Ipratropium Bromide Related Compound A RS in
methanol from the Standard stock solution

Standard solution C:  0.005 mg/mL of USP Ipratropium Bromide Related Compound A RS in
methanol from the Standard stock solution

[Note—These solutions correspond to 0.1% (Standard solution A), 0.05% (Standard solution
B), and 0.025% (Standard solution C), respectively, of the Sample solution
concentration.]

Sample solution:  20 mg/mL of Ipratropium Bromide in methanol
Chromatographic system  

(See Chromatography 621 , Thin-Layer Chromatography.)
Mode:  TLC
Adsorbent:  A suitable HPTLC silica gel mixture
Application volume:  1 µL
Developing solvent system:  Methylene chloride, dehydrated alcohol, water, and formic

acid (18:18:3:1)
Spray reagent 1:  Dragendorff's TS
Spray reagent 2:  Sodium nitrite solution (5 in 100)

Analysis 
Samples:  Standard solutions and Sample solution

Develop the plate for 15 min, then remove from the tank and dry at 60  for 15 min. Spray
the plate with Spray reagent 1, and allow to dry briefly. Spray the plate with Spray
reagent 2 and immediately cover with a glass plate. The RF values for ipratropium bromide
related compound A and ipratropium bromide are about 0.15 and 0.36, respectively.

Acceptance criteria:  Any spot of the Sample solution, except for the principal spot, is not
more intense than the spot from Standard solution A (0.1%).

Change to read:
•  Organic Impurities

Solution A, Buffer, Mobile phase, and Chromatographic system:  Proceed as directed in
the Assay.

System suitability solution 0.03 mg/mL of USP Ipratropium Bromide RS and 0.01 mg/mL of
USP Ipratropium Bromide Related Compound B RS in Mobile phase

Standard solution:  0.03 mg/mL of USP Ipratropium Bromide RS in Mobile phase
Sample solution:  10 mg/mL of Ipratropium Bromide in Mobile phase
System suitability 
[Note—See Table 1 for the relative retention times.]

Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 4 between ipratropium and ipratropium related compound B
Tailing factor:  NMT 2.5 for the ipratropium peak
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Relative standard deviation:  NMT 5%
for ipratropium

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Ipratropium Bromide taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of ipratropium from the Standard solution
CS= concentration of USP Ipratropium Bromide RS in the Standard solution (mg/mL)
CU= concentration of Ipratropium Bromide in the Sample solution (mg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1.
Disregard the bromide counterion peak eluting at a relative retention time of about 0.1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Ipratropium related compound C 0.7 3.8 0.10
Ipratropium bromide 1.0 1.0 —
Ipratropium related compound B [(8s)-

ipratropium bromide] 1.3 1.0 0.10

N-Isopropylnoratropinium bromidea 2.3 1.0 0.10
Apo-ipratropium bromideb 5.1 2.0 0.10

Any unspecified impurity — — 0.10
Total impurities — — 0.25

a  (1R,3r,5S)-8-(1-Methylethyl)-8-azabicyclo[3.2.1]oct-3-yl (2RS)-3-hydroxy-2-
phenylpropanoate.

b  (1R,3r,5S,8r)-8-Methyl-8-(1-methylethyl)-3-[(2-phenylpropenoyl)oxy]-8-
azoniabicyclo[3.2.1]octane.

SPECIFIC TESTS

Change to read:

•  pH 791
Sample solution:  100 mg/mL
in carbon dioxide-free water prepared as follows. Dissolve 2.0 g in carbon dioxide-free

water while heating to about 50 . Cool, and dilute with carbon dioxide-free water to 20.0
mL.

Acceptance criteria:  5.0–7.0

•  Water Determination, Method I 921 : 3.9%–4.4%

USP38
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ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight,
light-resistant

containers, and store at
controlled

room temperature.

•  USP Reference Standards 11
USP Ipratropium Bromide RS 
USP Ipratropium Bromide Related Compound A RS  

(1R,3r,5S,8r)-3-Hydroxy-8-methyl-8-(1-methylethyl)-8-azoniabicyclo[3.2.1]octane,
bromide.     
C11H22BrNO      264.20

USP Ipratropium Bromide Related Compound B RS  
(1R,3r,5S,8s)-3-[[(2RS)-3-Hydroxy-2-phenylpropanoyl]oxy]-8-methyl-8-(1-
methylethyl)-8-azoniabicyclo[3.2.1]octane, bromide.     
C20H30BrNO3      412.36

USP Ipratropium Bromide Related Compound C RS  
(2RS)-3-Hydroxy-2-phenylpropanoic acid.     
C9H10O3      166.17

BRIEFING

Isoniazid, USP 36 page 3987. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. Replace the Assay with a validated new HPLC procedure.
2. Add a test for Organic Impurities based on the Assay to make the HPLC tests similar in

the monograph. The liquid chromatographic procedures in the Assay and the test for
Organic Impurities are based on analyses performed with the GL Sciences Inc.
Inertsil ODS 3V brand of L1 column. The typical retention time for the isoniazid peak
in the Assay and the test for Organic Impurities is about 7.1 min.

3. The UV identification test is replaced with the selective orthogonal HPLC identification
test to strengthen the monograph requirements.

4. The test for Melting Range or Temperature is deleted based on more modern methods
added to strengthen the monograph requirements.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Martin-Esker, S. Shivaprasad.)
Correspondence Number—C120149

Comment deadline: January 31, 2014
Isoniazid

USP38
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C6H7N3O       137.14 

4-Pyridinecarboxylic acid, hydrazide;     
Isonicotinic acid hydrazide     [54-85-3].

DEFINITION

Isoniazid contains NLT 98.0% and NMT 102.0% of isoniazid (C6H7N3O), calculated on the dried
basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:
•  B. Ultraviolet Absorption

Sample stock solution: 0.1 mg/mL of Isoniazid in water
Sample solution: 0.01 mg/mL of Isoniazid in water prepared as follows. Transfer a suitable

volume of Sample stock solution to a volumetric flask, add 0.1 N hydrochloric acid, using
2.0% of the final volume and dilute with water to final volume.

Acceptance criteria: The UV absorption spectrum of the solution exhibits maxima and
minima only at the same wavelengths as that of a similar solution of USP Isoniazid RS,
concomitantly measured.

Add the following:
•  B. The retention time of the isoniazid peak of the Sample solution corresponds to that of

the Standard solution, as obtained in the Assay. 

ASSAY

Delete the following:
•  Procedure

Mobile phase: 4.4 g/L of docusate sodium in a mixture of methanol and water (600:400)
and adjust with 2 N sulfuric acid to a pH of 2.5.

Standard solution: 0.32 mg/mL of USP Isoniazid RS in Mobile phase
Sample solution: 0.32 mg/mL of Isoniazid in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode: LC
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Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL

System suitability 
Sample: Standard solution
Suitability requirements 

Column efficiency: NLT 1800 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

Analysis 
Samples: Standard solution and Sample solution 

Calculate the percentage of isoniazid (C6H7N3O) in the portion of Isoniazid taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of Isoniazid from the Sample solution
rS= peak response of Isoniazid from the Standard solution
CS= concentration of USP Isoniazid RS in the Standard solution (mg/mL)
CU= concentration of Isoniazid in the Sample solution (mg/mL)

Acceptance criteria: 98.0%–102.0% on the dried basis

Add the following:
•  Procedure

Buffer:  13.6 g/L of monobasic potassium phosphate adjusted with 10 N sodium hydroxide to
a pH of 6.9. Add 30 mg/L of triethanolamine.

Mobile phase:   Methanol and Buffer (5:95)
Standard solution:  0.32 mg/mL of USP Isoniazid RS in Mobile phase
Sample solution:  0.32 mg/mL of Isoniazid in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing:  NMT 2.0 for the isoniazid peak
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of isoniazid (C6H7N3O) in the portion of Isoniazid taken:

Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of isoniazid from the Sample solution
rS= peak response of isoniazid from the Standard solution
CS= concentration of USP Isoniazid RS in the Standard solution (mg/mL)
CU= concentration of Isoniazid in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Add the following:
•  Organic Impurities

Buffer and Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  1.0 µg/mL each of USP Isoniazid RS, isoniacin,

isonicotinamide, picolinohydrazide, and isonicotinonitrile in Mobile phase
Standard solution:  1.0 µg/mL of USP Isoniazid RS in Mobile phase
Sample solution:  1.0 mg/mL of Isoniazid in Mobile phase
Chromatographic system:  Proceed as directed in the Assay, except for the following.

Detector:  UV 266 nm
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between any adjacent peak pair, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of impurities in the portion of Isoniazid taken:

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

rU= peak response of the named impurities from the Sample solution
rS= peak response of isoniazid from the Standard solution
CS= concentration of USP Isoniazid RS in the Standard solution (mg/mL)
CU= concentration of Isoniazid in the Sample solution (mg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1. Disregard any peak less than 0.05%.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Isoniacin 0.50 0.69 0.1
Isoniazid 1.0 1.0 —
Isonicotinamide 1.4 0.70 0.1
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Picolinohydrazide 2.1 1.2 0.1
Isonicotinonitrile 3.9 0.74 0.1
Any unspecified impurity — 1.0 0.10
Total impurities — — 2.0

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 170 –173  

•  pH 791
Sample solution:  In a solution (1 in 10)
Acceptance criteria:  6.0–7.5

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,

excursions permitted between 15  and 30 .

•  USP Reference Standards 11
USP Isoniazid RS 

BRIEFING

Ketoconazole, USP 36 page 4036. As part of the USP monograph modernization effort, it is
proposed to make the following changes:

1. Replace the titration test in the Assay with a validated chromatographic HPLC method.
2. Replace the thin-layer chromatographic procedure in Organic Impurities with an HPLC

method based on the Assay. The HPLC procedures in the Assay and the test for
Organic Impurities are based on analyses performed with the Thermo Scientific
Hypersil BDS C18 brand of L1 column with 10-cm column length and 3-µm packing.
The typical retention time for the ketoconazole peak in the Assay and Organic
Impurities is 8 min.

3. An orthogonal Identification test B is added and now based on the Assay method to
strengthen the monograph requirements.

4. The test for Melting Range or Temperature is deleted based on more modern methods
added to strengthen the monograph requirements.

5. USP Loperamide Hydrochloride RS and USP Terconazole RS are added to the USP
Reference Standards section to support the proposed revision in Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: A. Martin-Esker, S. Shivaprasad.)
Correspondence Number—C118196
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Comment deadline: January 31, 2014
Ketoconazole

C26H28Cl2N4O4       531.43 

Piperazine, 1-acetyl-4-[4-[[2-(2,4-dichlorophenyl)-2-(1H-imidazol-1-ylmethyl)-1,3-dioxolan-4-
yl]methoxy]phenyl]-, cis-;     
(±)-cis-1-Acetyl-4-(p-{[2-(2,4-dichlorophenyl)-2-(imidazol-1- ylmethyl)-1,3-dioxolan-4-
yl]methoxy}phenyl)piperazine     [65277-42-1].

DEFINITION

Ketoconazole contains NLT 98.0% and NMT 102.0% of ketoconazole (C26H28Cl2N4O4),
calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  200 mg
Analysis:  Dissolve in glacial acetic acid and titrate with 0.1 N perchloric acid VS. Perform

a blank determination, and make any necessary correction (see Titrimetry 541 ). Each
mL of 0.1 N titrant is equivalent to 26.57 mg of C26H28Cl2N4O4.

Acceptance criteria:  98.0%–102.0% on the dried basis
Buffer:  3.4 mg/mL of tetrabutyl ammonium hydrogen sulfate in water
Solution A:  Acetonitrile and Buffer (5:95)
Solution B:  Acetonitrile and Buffer (50:50)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)
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0 100 0
20 0 100
25 0 100
26 100 0
30 100 0

Diluent:  Methanol
Standard solution:  0.1 mg/mL of USP Ketoconazole RS in Diluent
Sample solution:  0.1 mg/mL of Ketoconazole in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 10-cm; 3-µm packing L1
Flow rate:  2.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of ketoconazole (C26H28Cl2N4O4) in the portion of
Ketoconazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Ketoconazole RS in the Standard solution (mg/mL)
CU= concentration of Ketoconazole in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281
Sample:  2 g
Acceptance criteria:  NMT 0.1%

•  Heavy Metals, Method II 231 : 20 ppm

Change to read:
•  Organic Impurities

Standard solution:  10 mg/mL of USP Ketoconazole RS in chloroform
Diluted standard solution:  1 mg/mL of USP Ketoconazole RS from Standard solution in

chloroform
Sample solution:  10 mg/mL of Ketoconazole in chloroform
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Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  10 µL of the Standard solution and Sample solution, 2 µL of the

Diluted standard solution
Developing solvent system:  n-Hexane, ethyl acetate, methanol, glacial acetic acid,

and water (42:40:15:1:2)
Analysis 

Samples:  Standard solution, Diluted standard solution, and Sample solution

Allow the spots to dry, and develop the chromatogram in a suitable unsaturated chamber
with the Developing solvent system until the solvent front has moved three-fourths of
the length of the plate. Remove the plate from the chamber, and air-dry. Expose the
plate to iodine vapors in a closed chamber, and locate the spots.

Acceptance criteria:  The principal spot from the Sample solution has the same size and
RF value as that from the Standard solution, and the sum of the intensities of any
secondary spots from the Sample solution does not exceed the intensity of the principal
spot from the Diluted standard solution.
Buffer, Solution A, Solution B, Mobile phase, Diluent, and Chromatographic system:
 Proceed as directed in the Assay.
System suitability solution:  0.01 mg/mL each of USP Ketoconazole RS, USP

Loperamide Hydrochloride RS, and USP Terconazole RS in Diluent
Standard solution:  10.0 mg/mL of USP Ketoconazole RS in Diluent
Sample solution 10.0 mg/mL of Ketoconazole in Diluent
System suitability 

Sample:  System suitability solution
Suitability requirements 

Resolution:  NLT 2.0 between the ketoconazole and loperamide peaks
Relative standard deviation:  NMT 5.0% for the ketoconazole peak

Analysis 
Samples:   Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Ketoconazole taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of ketoconazole from the Standard solution
CS= concentration of USP Ketoconazole RS in the Standard solution (mg/mL)
CU= concentration of Ketoconazole in the Sample solution (mg/mL)
F = relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard any peak less than 0.05%.

Table 2
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Ketoconazole 1.0 — —
Terconazole 1.4 1.0 0.1
Loperamide 1.5 0.62 0.1
Any unspecified impurity — — 0.10
Total impurities — — 2.0

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 148 –152  

•  Optical Rotation, Specific Rotation 781S
Sample solution:  40 mg/mL in methanol

Acceptance criteria:  1  to +1  at 20

•  Loss on Drying 731

Analysis:  Dry under vacuum at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Ketoconazole RS 
USP Loperamide Hydrochloride RS  

1-Piperidinebutanamide, 4-(4-chlorophenyl)-4-hydroxy-N,N-dimethyl- , -diphenyl-,
monohydrochloride; 
4-(p-Chlorophenyl)-4-hydroxy-N,N-dimethyl- , -diphenyl-1-piperidinebutyramide
monohydrochloride. 
C29H33ClN2O2·HCl      513.50

USP Terconazole RS  
Piperazine, 1-[4-[[2-(2,4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-
dioxolan-4-yl]methoxy]phenyl]-4-(1-methylethyl)-, cis-; 
cis-1-(p-{[2-(2,4-Dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethyl)-1,3-dioxolan-4-
yl]methoxy}phenyl)-4-isopropylpiperazine. 
C26H31Cl2N5O3      532.46

BRIEFING

Lidocaine Hydrochloride Topical Solution, USP 36 page 4114. As part of the USP monograph
modernization effort, it is proposed to make following changes:

1. Identification test B is added based on the retention time agreement in the Assay.
2. A test for Organic Impurities is added based on the validated HPLC procedure. The
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liquid chromatographic procedure for the Organic Impurities test is based on
analyses performed with the Purospher STAR RP18 brand of L1 column. The typical
retention time for lidocaine is 4.6 min.

3. Methylparaben is replaced in the Assay with USP Methylparaben RS, which is added in
the USP Reference Standards section.

4. USP Ropivacaine Related Compound A RS and USP Lidocaine Related Compound H RS are
added in the USP Reference Standards section to support the proposed procedure for
Organic Impurities.

5. The Packaging and Storage section is updated to include storage conditions.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R. Prasad.)
Correspondence Number—C120149

Comment deadline: January 31, 2014
Lidocaine Hydrochloride Topical Solution

DEFINITION

Lidocaine Hydrochloride Topical Solution contains NLT 95.0% and NMT 105.0% of the labeled
amount of lidocaine hydrochloride (C14H22N2O·HCl).

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Place in a separator a volume of Topical Solution, equivalent to 200 mg of

lidocaine hydrochloride, and extract with four 15-mL portions of chloroform, discarding the
chloroform extracts. Add 2 mL of 2 N sodium hydroxide to the aqueous solution remaining
in the separator, and extract with four 15-mL portions of chloroform. Combine the
chloroform extracts, and evaporate with the aid of a current of warm air to dryness.
Dissolve the crystals in solvent hexane, evaporate with the aid of warm air, and dry the
residue under vacuum over silica gel for 24 h.

Acceptance criteria:  The residue obtained from the Sample meets the requirements.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Solution A:  Glacial acetic acid and water (5:93). Adjust with 1 N sodium hydroxide to a pH
of 3.40.

Mobile phase:  Acetonitrile and Solution A (1:4)
Standard solution:  1.7 mg/mL of USP Lidocaine RS (equivalent to 2 mg/mL of lidocaine

hydrochloride) in Mobile phase prepared as follows. Transfer a weighed quantity of USP
Lidocaine RS into a suitable volumetric flask, and add 1 N hydrochloric acid to fill 1% of
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the final volume. Warm if necessary, and dilute with Mobile phase to volume.
System suitability stock solution:  220 µg/mL of methylparaben
USP Methylparaben RS

in Mobile phase
System suitability solution:  Mix 2 mL of the System suitability stock solution with 20 mL

of the Standard solution.
Sample solution:  Nominally equivalent to 2 mg/mL of lidocaine hydrochloride from Topical

Solution in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution and System suitability solution
Suitability requirements 

Resolution:  NLT 3.0 between lidocaine and methylparaben, System suitability solution
Relative standard deviation:  NMT 1.5%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lidocaine hydrochloride
(C14H22N2O·HCl) in the portion of Topical Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of lidocaine from the Sample solution
rS= peak response of lidocaine from the Standard solution
CS= concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34

Acceptance criteria:  95.0%–105.0%

IMPURITIES

Add the following:
•  Organic Impurities

Solution A and Mobile phase:  Proceed as directed in the Assay.
System suitability solution:  2.6 µg/mL of USP Lidocaine RS, 3.9 µg/mL of USP

Ropivacaine Related Compound A RS, and 3 µg/mL of USP Lidocaine Related Compound H
RS in Mobile phase

Standard solution:  0.0017 mg/mL of USP Lidocaine RS, 0.0026 mg/mL of USP Ropivacaine
Related Compound A RS (equivalent to 0.002 mg/mL of 2,6-dimethylaniline), and 0.002
mg/mL of USP Lidocaine Related Compound H RS in Mobile phase
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Sample solution:  Nominally equivalent to 2 mg/mL of lidocaine hydrochloride in Mobile
phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 2.0 between lidocaine related compound H and ropivacaine related
compound A, System suitability solution

Relative standard deviation:  NMT 2.0% for lidocaine, Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of ropivacaine related compound A and lidocaine related
compound H in the portion of Topical Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of the corresponding related compound from the Sample solution
rS= peak area of the corresponding related compound from the Standard solution
CS= concentration of the corresponding related compound in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any impurity in the portion of Topical Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak area of each impurity from the Sample solution
rS= peak area of lidocaine from the Standard solution
CS= concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34

Acceptance criteria:  See Table 1. Disregard any impurity peak less than 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Lidocaine 1.0 —
Ropivacaine related compound Aa 3.2 0.1
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Lidocaine related compound Hb 3.8 0.1

Any unspecified impurity — 0.10
Total impurities — 2.0

a  2,6-Dimethylaniline hydrochloride.
b  N-(Chloroacetyl)-2,6-xylidide.

SPECIFIC TESTS

•  pH 791 : 5.0–7.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Lidocaine RS 

USP Lidocaine Related Compound H RS  
N-(Chloroacetyl)-2,6-xylidide. 
C10H12ClNO      197.66

USP Methylparaben RS 
USP Ropivacaine Related Compound A RS  

2,6-Dimethylaniline hydrochloride. 
C8H11N·HCl      157.64

BRIEFING

Lidocaine Hydrochloride Oral Topical Solution, USP 36 page 4113. As part of USP monograph
modernization efforts, it is proposed to make following changes:

1. Identification test B is added based on the retention time agreement in the Assay.
2. The test for Organic Impurities is adopted from the current monograph for Lidocaine

Hydrochloride in the European Pharmacopoeia, with a modification to column

temperature. The column temperature is changed to 45 . The validated liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Xterra RP18 brand of L1 column. The typical retention time for
lidocaine is 20 min.

3. The Assay procedure is revised to the validated HPLC procedure to be efficient
operationally. The liquid chromatographic procedure in the Assay is based on
analyses performed with the Xterra RP18 brand of L1 column. The typical retention
time for lidocaine is 20 min. This change will simplify the monograph by using the
same Chromatographic system for both the Assay and the test for Organic
Impurities.

4. USP Ropivacaine Related Compound A RS and USP Lidocaine Related Compound H RS are
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added to the USP Reference Standards section to support the proposed revision in
the test for Organic Impurities.

5. Update the Packaging and Storage section to include storage conditions.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R. Prasad.)
Correspondence Number—C120149

Comment deadline: January 31, 2014
Lidocaine Hydrochloride Oral Topical Solution

DEFINITION

Lidocaine Hydrochloride Oral Topical Solution contains NLT 95.0% and NMT 105.0% of the
labeled amount of lidocaine hydrochloride (C14H22N2O·HCl). It contains a suitable flavor and/or
sweetening agent.

IDENTIFICATION

•  A. Infrared Absorption 197K
Sample:  Place in a separator a volume of Oral Topical Solution, equivalent to 300 mg of

lidocaine hydrochloride, and extract with four 15-mL portions of chloroform, discarding the
chloroform extracts. Add 2 mL of 2 N sodium hydroxide to the aqueous solution remaining
in the separator, and extract with four 15-mL portions of chloroform. Combine the
chloroform extracts, and evaporate with the aid of a current of warm air to dryness.
Dissolve the crystals in solvent hexane, evaporate with the aid of warm air, and dry the
residue under vacuum over silica gel for 24 h.

Acceptance criteria:  Residue obtained from the Sample meets the requirements.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Solution A:  Glacial acetic acid and water (5:93). Adjust with 1 N sodium hydroxide to a pH
of 3.40.

Mobile phase:  Acetonitrile and Solution A (1:4), so that the retention time of lidocaine is
4 to 6 min. Pass through a membrane filter having a 1-µm or finer porosity, and degas.

Standard solution:  Dissolve 85 mg of USP Lidocaine RS, with warming if necessary, in 0.5
mL of 1 N hydrochloric acid in a 50-mL volumetric flask, and dilute with Mobile phase to
volume.

System suitability stock solution:  220 µg/mL of methylparaben in Mobile phase
System suitability solution:  Mix 2 mL of System suitability stock solution and 20 mL of

Standard solution.
Sample solution:  Equivalent to 2 mg/mL of lidocaine hydrochloride from Oral Topical
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Solution in Mobile phase.
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 254 nm
Column:  3.9-mm × 30-cm; packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between lidocaine and methylparaben, System suitability solution
Relative standard deviation:  NMT 1.5% of lidocaine, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of C14H22N2O·HCl in each mL of Oral Topical Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of lidocaine from the Sample solution
rS= peak response of lidocaine from the Standard solution
CS= concentration of USP Lidocaine RS in Standard solution (mg/mL)
CU= nominal concentration of lidocaine in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34

Acceptance criteria:  95.0%–105.0%
Solution A:  4.85 g/L of monobasic potassium phosphate. Adjust with 10 N sodium
hydroxide solution to a pH of 8.00.
Mobile phase:   Acetonitrile and Solution A (30:70)
System suitability stock solution:  0.043 mg/mL of USP Lidocaine RS (equivalent to

0.05 mg of lidocaine hydrochloride), 0.05 mg/mL of USP Lidocaine Related Compound H
RS, and 0.0065 mg/mL of USP Ropivacaine Related Compound A RS in Mobile phase
prepared as follows. Transfer a weighed quantity of USP Lidocaine RS, USP Lidocaine
Related Compound H RS, and USP Ropivacaine Related Compound A RS to a suitable
volumetric flask, and add a small amount of acetonitrile. Swirl to dissolve, and dilute
with Mobile phase to volume.

System suitability solution:  Transfer 2.0 mL of System suitability stock solution to a
20-mL volumetric flask, and dilute with Mobile phase to volume.

Standard solution:  0.85 mg/mL of USP Lidocaine RS (equivalent to 1 mg/mL of lidocaine
hydrochloride) in Mobile phase

Sample solution:  Nominally equivalent to 1 mg/mL of lidocaine hydrochloride from Oral
Topical Solution in Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
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Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  20 µL
System suitability 

Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 1.5 between lidocaine related compound H and ropivacaine related
compound A, System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of lidocaine hydrochloride
(C14H22N2O·HCl) in the portion of Oral Topical Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of lidocaine from the Sample solution
rS = peak response of lidocaine from the Standard solution
CS= concentration of USP Lidocaine RS in Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34

Acceptance criteria:  95.0%–105.0%

IMPURITIES

Add the following:
•  Organic Impurities

Solution A, Mobile phase, System suitability solution, and Chromatographic system:
 Proceed as directed in the Assay.

Standard solution:  0.0043 mg/mL of USP Lidocaine RS, 0.005 mg/mL of USP Lidocaine
Related Compound H RS, and 0.00065 mg/mL of USP Ropivacaine Related Compound A RS
in Mobile phase

Sample solution:  Nominally equivalent to 5 mg/mL of lidocaine hydrochloride in Mobile
phase

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 1.5 between lidocaine related compound H and ropivacaine related
compound A, System suitability solution

Relative standard deviation:  NMT 2.0% for lidocaine, Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of lidocaine related compound H and ropivacaine related
compound A in the portion of Oral Topical Solution taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak area of the corresponding related compound from the Sample solution
rS= peak area of the corresponding related compound from the Standard solution
CS= concentration of corresponding related compound in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Oral Topical
Solution taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak area of each impurity from the Sample solution
rS= peak area of lidocaine from the Standard solution
CS= concentration of USP Lidocaine RS in the Standard solution (mg/mL)
CU= nominal concentration of lidocaine hydrochloride in the Sample solution (mg/mL)
Mr1= molecular weight of lidocaine hydrochloride, 270.80
Mr2= molecular weight of lidocaine, 234.34

Acceptance criteria:  See Table 1. Disregard any impurity peak less than 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Lidocaine related compound H 0.33 0.1
Ropivacaine related compound A 0.37 0.01
Lidocaine 1.0 —
Any other individual, unspecified impurity — 0.10
Total impurities — —

SPECIFIC TESTS

•  pH 791 : 5.0–7.0

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
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USP Lidocaine RS 

USP Lidocaine Related Compound H RS  
N-(Chloroacetyl)-2,6-xylidide. 
C10H12ClNO      197.66

USP Ropivacaine Related Compound A RS  
2,6-Dimethylaniline hydrochloride. 
C8H11N·HCl      157.64

BRIEFING

Magnesium Oxide, USP 36 page 4185. On the basis of comments received, it is proposed to
make the following changes:

1. Replace the current Assay procedure, based on the residual acid-base titration, with a
direct complexometric titration method to make it consistent with the approach used
for determination of magnesium in many USP monographs, including Magnesium Oxide
Tablets and Magnesium Oxide Capsules monographs. The proposed approach is also
employed in the European Pharmacopoeia monographs for Magnesium Oxide.

2. In attempts to further harmonize the Assay and Loss on Ignition procedures in USP and
European Pharmacopoeia monographs, allow the ignition to be performed in the

temperature range of (800 –900 )±25 , and revise the sample size.
3. Address a possible evaporation of the Sample solution in the Free Alkali and Soluble

Salts test.
4. In the Limit of Calcium test, specify the ignition time in the Sample solution to state

that the sample should be freshly ignited for 1 h. The information received indicates
that the additional ignition time does not significantly affect the final result of the
test.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: E. Gonikberg.)
Correspondence Number—C79594; C126253; C135268

Comment deadline: January 31, 2014
Magnesium Oxide
MgO       40.30 

Magnesium oxide     [1309-48-4].

DEFINITION

Magnesium Oxide, after ignition, contains NLT 96.0% and NMT 100.5% of magnesium oxide
(MgO).

IDENTIFICATION

•  A. Identification Tests—General, Magnesium 191 : A solution in diluted hydrochloric acid
meets the requirements.

USP38

PF 39(6): Nov.-Dec. 2013 329



ASSAY

Change to read:
•  Procedure

Sample:  Ignite 500 mg of Magnesium Oxide to constant weight in a tared platinum
crucible.

Analysis:  Dissolve the Sample in 30.0 mL of 1 N sulfuric acid VS, add methyl orange TS,
and titrate the excess acid with 1 N sodium hydroxide VS. Perform the blank
determination. Calculate the volume, VS, of 1 N sulfuric acid, in mL, consumed by the
Sample:

VS = (VB  VA) × NNaOH

VB = volume of 1 N sodium hydroxide consumed by the blank (mL)
VA = volume of 1 N sodium hydroxide consumed by the Sample (mL)
NNaOH= exact normality of the sodium hydroxide solution

Calculate the volume of 1 N sulfuric acid, VCa, in mL, consumed by calcium, which is
present in the portion of Magnesium Oxide taken:

VCa = (W × LCa)/(FCa × 100)

W= weight of Magnesium Oxide taken (mg)
LCa= content of calcium as determined in the test for Limit of Calcium (%)
FCa= weight of calcium equivalent to each mL of 1 N sulfuric acid, 20.04 mg

Calculate the percentage of magnesium oxide (MgO) in the portion of Magnesium Oxide
taken:

Result = (VS  VCa) × (FMgO/W) × 100

VS = volume of 1 N sulfuric acid consumed by the sample (mL)
VCa= volume of 1 N sulfuric acid consumed by calcium (mL)
FMgO= weight of magnesium oxide equivalent to each mL of 1 N sulfuric acid, 20.15 mg
W = weight of Magnesium Oxide (mg)

 
Diluted ammonium hydroxide:  Dilute 67 g of ammonium hydroxide (about 75 mL) with

water to 100 mL.
Buffer:  Prepare ammonium chloride buffer pH 10 as follows. In a 100-mL volumetric flask,

dissolve 5.4 g of ammonium chloride in 20 mL of water, add 35 mL of Diluted ammonium
hydroxide, and dilute with water to volume.

Sample stock solution:  Ignite a sample of Magnesium Oxide to a constant weight in the

temperature range of (800 –900 )±25 . Weigh 320 mg of the ignited sample into a 100-
mL volumetric flask, dissolve in 20 mL of 2 N hydrochloric acid, and dilute with water to
volume.

Sample solution:  Transfer 20.0 mL of the Sample stock solution to a 500-mL flask, and
dilute with water to 300 mL. The Sample solution is equivalent to 64 mg of ignited
Magnesium Oxide.

Analysis:  To the Sample solution, add 10 mL of Buffer and 50 mg of eriochrome black T-
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sodium chloride indicator. Heat the sample to 40 , and titrate to a blue endpoint with 0.1
M edetate disodium VS. Perform a blank determination, and make any necessary
correction to determine the volume of 0.1 M edetate disodium consumed (Vs). 
Calculate the volume of 0.1 M edetate disodium, VCa, in mL, consumed by calcium, which
is present in the portion of Magnesium Oxide taken:

VCa = (W × LCa)/(FCa × 100)

W= amount of ignited Magnesium Oxide in the Sample solution (mg)
LCa= content of calcium as determined in the test for Limit of Calcium (%)
FCa= weight of calcium equivalent to each mL of 0.1 M edetate disodium, 4.008 mg

Calculate the percentage of magnesium oxide (MgO) in the portion of Magnesium Oxide
taken:

Result = (VS  VCa) × (FMgO/W) × 100

VS = volume of 0.1 M edetate disodium consumed by the Sample solution (mL)
VCa = volume of 0.1 M edetate disodium consumed by calcium (mL)
FMgO= weight of Magnesium Oxide equivalent to each mL of 0.1 M edetate disodium, 4.030

mg
W = amount of the ignited Magnesium Oxide in the Sample solution (mg)

Acceptance criteria:  96.0%–100.5% after ignition

IMPURITIES

Change to read:
•  Free Alkali and Soluble Salts

Sample solution:  Boil 2.0 g with 100 mL of water for 5 min in a covered beaker, and filter
while hot. Allow to cool,
and dilute with water to 100 mL.

Analysis 1:  To 50 mL of the Sample solution add methyl red TS, and titrate with 0.10 N
sulfuric acid.

Acceptance criteria 1:  NMT 2.0 mL of the acid is consumed.

Analysis 2:  Evaporate 25 mL of the remaining Sample solution to dryness, and dry at 105
for 1 h.

Acceptance criteria 2:  NMT 10 mg of residue remains (NMT 2.0%).
•  Acid-Insoluble Substances

Sample:  2 g
Analysis:  Mix the Sample with 75 mL of water, add hydrochloric acid in small portions with

agitation until no more dissolves, and boil for 5 min. If an insoluble residue remains, filter,
wash well with water until the last washing is free from chloride, and ignite.

Acceptance criteria:  The weight of the ignited residue is NMT 2 mg (NMT 0.1%).

Change to read:
•  Limit of Calcium
[Note—A commercially available atomic absorption standard solution for calcium may be used
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where preparation of a calcium standard stock solution is described below. Concentrations
of the Standard solutions and the Sample solution may be modified to fit the linear or
working range of the instrument.]

Dilute hydrochloric acid:  Dilute 100 mL of hydrochloric acid with water to 1000 mL.
Lanthanum solution:  To 58.65 g of lanthanum oxide, add 400 mL of water, and add,

gradually with stirring, 250 mL of hydrochloric acid. Stir until dissolved, and dilute with
water to 1000 mL.

Standard solutions:  Transfer 249.7 mg of calcium carbonate, previously dried at 300  for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in a minimum
amount of hydrochloric acid, and dilute with water to volume. Transfer 1.0, 5.0, 10.0, and
15.0 mL of this stock solution to separate 1000-mL volumetric flasks, each containing 20
mL of the Lanthanum solution and 40 mL of Dilute hydrochloric acid, and dilute with water
to volume. These Standard solutions contain 1.0, 5.0, 10.0, and 15.0 µg/mL of calcium,
respectively.

Sample solution:  Transfer 250 mg of Magnesium Oxide, freshly ignited

for 1 h in the temperature range of (800 –900 )±25 ,
to a beaker. Add 30 mL of Dilute hydrochloric acid, and stir until dissolved, heating if

necessary. Transfer the solution so obtained to a 200-mL volumetric flask containing 4 mL
of Lanthanum solution, and dilute with water to volume.

Blank solution:  Transfer 4 mL of the Lanthanum solution and 10 mL of Dilute hydrochloric
acid to a 200-mL volumetric flask, and dilute with water to volume.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  Calcium emission line at 422.7 nm
Lamp:  Calcium hollow-cathode
Flame:  Nitrous oxide–acetylene

Analysis 
Samples:  Standard solutions, Sample solution, and Blank solution

Using the calibration graph, determine the concentration, C, in µg/mL, of calcium in the
Sample solution. 
Calculate the percentage of calcium in the portion of Magnesium Oxide taken:

Result = [(V/W) × C × F] × 100

V= volume of the Sample solution (mL)
W= weight of Magnesium Oxide (mg)
C= concentration of calcium in the Sample solution (µg/mL)
F= conversion from µg/mL to mg/mL, 0.001

Acceptance criteria:  NMT 1.1%

•  Heavy Metals 231
Test preparation:  Dissolve 2.0 g in 35 mL of 3 N hydrochloric acid, and evaporate the

solution on a steam bath to dryness. Toward the end of the evaporation, stir frequently
to disintegrate the residue so that finally a dry powder is obtained. Dissolve the residue in
20 mL of water, and evaporate to dryness in the same manner as before. Redissolve the
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residue in 20 mL of water, filter if necessary, and dilute with water to 40 mL. To 20 mL,
add water to make 25 mL.

Acceptance criteria:  NMT 20 ppm

•  Iron 241
Test preparation:  Boil 40 mg with 5 mL of 2 N nitric acid for 1 min. Cool, dilute with water

to 50 mL, and mix. Dilute 25 mL of this solution with water to 45 mL, and add 2 mL of
hydrochloric acid.

Acceptance criteria:  NMT 0.05%

SPECIFIC TESTS

Change to read:

•  Loss on Ignition 733
Sample:  500
–1000

mg

Analysis:  Transfer the Sample to a tared platinum crucible, and ignite at 800 ± 25

in the temperature range of (800 –900 )±25
to constant weight.
Acceptance criteria:  NMT 10.0%

Change to read:

•  Bulk Density and Tapped Density of Powders, Bulk Density, Method I 616 :

Using the procedure specified in the chapter, determine the bulk density of Magnesium Oxide.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.
•  Labeling: Label it to indicate its bulk density. The indicated density may be in the form of a

range.

BRIEFING

Methocarbamol, USP 36 page 4294. As part of the USP monograph modernization initiative, it
is proposed to revise the monograph with the following changes:

1. Replace the spectroscopic determination in the Assay with a liquid chromatographic test
procedure as proposed for Methocarbamol Tablets. This liquid chromatographic
procedure is based on a validated method of analyses performed with the Luna C18
brand of L1 column. The typical retention time for methocarbamol is about 17 min.

2. Replace Ultraviolet Absorption in Identification test B with the HPLC retention time
agreement as defined in the Assay.

3. Replace the HPLC test procedure for Organic Impurities with the HPLC test procedure
as proposed for the Assay, so that the test procedures for the Assay and Organic
Impurities are the same.

4. Add a specification for individual unspecified impurities to be consistent with the ICH
limit for drug substance.

5. Add a storage requirement in the Packaging and Storage section.
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Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C125055

Comment deadline: January 31, 2014
Methocarbamol

C11H15NO5       241.24 

1,2-Propanediol, 3-(2-methoxyphenoxy)-, 1-carbamate, (±)-;     
(±)-3-(o-Methoxyphenoxy)-1,2-propanediol 1-carbamate     [532-03-6].

DEFINITION

Methocarbamol contains NLT 98.5% and NMT 101.5% of methocarbamol (C11H15NO5),
calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  40 µg/mL in alcohol

The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Standard solution:  40 µg/mL of USP Methocarbamol RS in methanol
Sample solution:  40 µg/mL of Methocarbamol in methanol
Blank:  Methanol
Instrumental conditions 

Mode:  UV
Analytical wavelength:  Maximum at about 274 nm
Cell:  1 cm
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Analysis 
Samples:  Standard solution, Sample solution, and Blank

Concomitantly determine the absorbances of the Standard solution and the Sample
solution.

Calculate the percentage of methocarbamol (C11H15NO5) in the portion of Methocarbamol
taken:

Result = (AU/AS) × (CS/CU) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (µg/mL)
CU= concentration of Methocarbamol in the Sample solution (µg/mL)

 
Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid

or sodium hydroxide to a pH of 4.5.
Mobile phase:  Methanol and Buffer (30:70)
System suitability solution:  1.0 mg/mL of USP Methocarbamol RS and 0.005 mg/mL of

USP Guaifenesin RS in Mobile phase
Standard solution:  0.1 mg/mL of USP Methocarbamol RS in Mobile phase
Sample solution:  0.1 mg/mL of Methocarbamol in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 274 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  30
Flow rate:  0.8 mL/min
Injection volume:  20 µL
Run time:  1.5 times the retention time of methocarbamol

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 3.5 between methocarbamol and guaifenesin, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 0.73%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of methocarbamol (C11H15NO5) in the portion of Methocarbamol
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of methocarbamol from the Sample solution
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rS= peak response of methocarbamol from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)

CU= concentration of Methocarbamol in the Sample solution (mg/mL)

Acceptance criteria:  98.5%–101.5% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method I 231
Sample solution:  1.0 g in a 10-mL mixture of methanol and 1 N acetic acid (7:3), diluted

with water to 25 mL
Acceptance citeria:  NMT 20 ppm

Change to read:
•  Organic Impurities

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 18 N phosphoric
acid or 10 N potassium hydroxide to a pH of 4.5 ± 0.05.

Mobile phase:  Methanol and Buffer (25:75)
Solution A:  0.4 mg/mL of USP Guaifenesin RS in methanol
Standard solution:  Transfer 20 mg of USP Methocarbamol RS to a 10-mL volumetric flask.

Add 1.0 mL of Solution A and 2.0 mL of methanol to dissolve the methocarbamol, and
dilute with Buffer to volume.

Use the Standard solution within 24 h.

Sample solution:  Transfer 100 mg of Methocarbamol to a 50-mL volumetric flask. Add 13
mL of methanol to dissolve, and dilute with Buffer to volume.

Use the Sample solution within 24 h.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 274 nm
Column:  4-mm × 25-cm; packing L1
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for guaifenesin and methocarbamol are about 0.8 and

1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between guaifenesin and methocarbamol
Peak area percentage:  2.4 ± 1.0 for guaifenesin
Relative standard deviation:  NMT 4.0% for the peak area percentage from three

replicate injections
Analysis 
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Samples:  Standard solution and Sample solution

Determine the peak areas of the methocarbamol peak and all extraneous peaks having a
retention time greater than 0.5 of the retention time of methocarbamol.

Calculate the percentage of related impurities taken:

Result = (2.4/G) × (PE/PT) × 100

G= guaifenesin peak area percentage of the Standard solution
PE= peak area of all extraneous peaks
PT= total of the peak areas of all extraneous peaks and the methocarbamol

Acceptance criteria:  NMT 2.0%
Mobile phase, System suitability solution, and Chromatographic system:  Proceed
as directed in the Assay.
Standard solution:  0.005 mg/mL of USP Methocarbamol RS in Mobile phase
Sample solution:  1 mg/mL of Methocarbamol in Mobile phase
System suitability 

Samples:  System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 3.5 between methocarbamol and guaifenesin, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Methocarbamol taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of methocarbamol from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
CU= concentration of Methocarbamol in the Sample solution (mg/mL)
F = relative response factors (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria, 
NMT (%)

Guaifenesin 0.84 1.2 —

Methocarbamol isomera 0.90 1.0 —
Methocarbamol 1.0 — —

Methocarbamol dioxoloneb 1.3 1.0 —
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Any individual unspecified impurity — — 0.05
Total impurities — — 2.0

a  1-Hydroxy-3-(2-methoxyphenoxy)propan-2-yl carbamate.
b  4-[(2-Methoxyphenoxy)methyl]-1,3-dioxolan-2-one.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 60  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

•  USP Reference Standards 11
USP Guaifenesin RS 
USP Methocarbamol RS 

BRIEFING

Methocarbamol Tablets, USP 36 page 4295. As part of the USP monograph modernization
initiative, it is proposed to revise the monograph with the following changes:

1. Add an Organic Impurities section with a liquid chromatographic test procedure. This
procedure is based on validated methods of analysis performed with the Luna C18
brand of L1 column. The typical retention time of methocarbamol is about 17 min.

2. Replace the Assay with the test procedure from Organic Impurities, which eliminates
the use of the Internal standard solution.

3. Strengthen the monograph with Identification test B that uses an HPLC retention time
agreement in the Assay.

4. Remove the use of a procedure for a pooled sample from the Dissolution test as it is not
consistent with current FDA approvals.

5. Add an equation to the Dissolution test to replace the cross-reference to the Assay.
6. Add a storage requirement in the Packaging and Storage section.
7. Add USP Guaifenesin RS to the USP Reference Standards section to support the

proposed revision to the Assay.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C124994

Comment deadline: January 31, 2014
Methocarbamol Tablets

DEFINITION
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Methocarbamol Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
methocarbamol (C11H15NO5).

IDENTIFICATION

Change to read:
•  

A.

Infrared Absorption 197K
Sample:  Mix a portion of finely powdered Tablets equivalent to 1 g of methocarbamol with

25 mL of water in a separator, and extract with 25 mL of chloroform. Filter the extract,
and evaporate to dryness.

Acceptance criteria:  Meet the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with 18 N phosphoric
acid or 10 N potassium hydroxide to a pH of 4.5.

Mobile phase:  Methanol and Buffer (30:70)
Internal standard solution:   3 mg/mL of caffeine in methanol
Standard solution:  1 mg/mL of USP Methocarbamol RS prepared as follows. Transfer 100

mg of USP Methocarbamol RS to a 100-mL volumetric flask. Dissolve in 50 mL of Buffer
and 25 mL of methanol. Add 5.0 mL of Internal standardsolution and dilute with Buffer to
volume.

Sample solution:  Nominally 1 mg/mL of methocarbamol prepared as follows. Transfer an
amount equivalent to 100 mg of methocarbamol, from finely powdered Tablets (NLT 10),
into a 100-mL volumetric flask. Add about 50 mL of Buffer, 25 mL of methanol, and 5.0
mL of Internal standard solution. Shake vigorously for 10 min, dilute with Buffer to
volume, and mix. Filter, discarding the first 20 mL of the filtrate.

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 274 nm
Column:  4.6-mm × 10.0-cm; 3-µm or 5-µm packing L1

Column temperature:  30
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 
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Relative standard deviation:  NMT 2.0%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of labeled amount of methocarbamol (C11H15NO5) in the portion
of Tablets taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of methocarbamol to caffeine from the Sample solution
RS= peak response ratio of methocarbamol to caffeine from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
CU= nominal concentration of methocarbamol in the Sample solution (mg/mL)

 
Buffer:  6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid

or sodium hydroxide to a pH of 4.5.
Mobile phase:  Methanol and Buffer (30:70)
System suitability solution:  1.0 mg/mL of USP Methocarbamol RS and 0.005 mg/mL of

USP Guaifenesin RS in Mobile phase
Standard solution:  0.1 mg/mL of USP Methocarbamol RS in Mobile phase
Sample stock solution:  Nominally 1 mg/mL of methocarbamol solution prepared as

follows. Transfer a portion of finely powdered Tablets (NLT 10) to a volumetric flask of
suitable size. Add 60% of the volume of the flask with Mobile phase. Sonicate for 30 min
with intermittent shaking. Dilute with Mobile phase to volume. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.

Sample solution:  0.1 mg/mL of methocarbamol from the Sample stock solution in Mobile
phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 274 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1

Column temperature:  30
Flow rate:  0.8 mL/min
Injection volume:  20 µL
Run time:  1.5 times the retention time of methocarbamol

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for relative retention times.]
Suitability requirements 

Resolution:  NLT 3.5 between methocarbamol and guaifenesin, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of methocarbamol (C11H15NO5) in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of methocarbamol from the Sample solution
rS= peak response of methocarbamol from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
CU= nominal concentration of methocarbamol in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Procedure for a Pooled Sample

 
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  45 min

Mobile phase, Chromatographic system, and System suitability:  Proceed as
directed in the Assay.
Standard solution:  USP Methocarbamol RS in Medium
Sample solution:  Filtered portion of the solution under test, diluted with Medium if

necessary
Analysis 

Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of methocarbamol (C11H15NO5) dissolved:

by using the procedure in the Assay, making any necessary volumetric adjustments.

Result = (rU/rS) × CS × V × (1/L) × 100

rU= peak response of methocarbamol from the Sample solution
rS= peak response of methocarbamol from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of methocarbamol (mg/Tablet)

Tolerances:  NLT 75% (Q) of the labeled amount of methocarbamol (C11H15NO5) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
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•  Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system:  Proceed as

directed in the Assay.
Standard solution:  0.005 mg/mL of USP Methocarbamol RS in Mobile phase
Sample solution:  Use the Sample stock solution from the Assay.
System suitability 

Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.5 between methocarbamol and guaifenesin, System suitability
solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution
[Note—See Table 1 for relative retention times.]

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each degradation product in the portion of Tablets taken:

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

rU= peak response of each degradation product from the Sample solution
rS= peak response of methocarbamol from the Standard solution
CS= concentration of USP Methocarbamol RS in the Standard solution (mg/mL)
CU= nominal concentration of methocarbamol in the Sample solution (mg/mL)
F= relative response factors (see Table 1)

Acceptance criteria:  See Table 1.

Table 1

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria, 
NMT (%)

Guaifenesin 0.84 1.2 0.15

Methocarbamol isomera 0.90 1.0 0.05
Methocarbamol 1.0 — —

Methocarbamol dioxoloneb 1.3 1.0 0.05
Any individual unspecified degradation product — — 0.10
Total impurities — — 1.0

a  1-Hydroxy-3-(2-methoxyphenoxy)propan-2-yl carbamate.
b  4-[(2-Methoxyphenoxy)methyl]-1,3-dioxolan-2-one.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature.

Change to read:

USP38

USP38
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Change to read:

•  USP Reference Standards 11
USP Guaifenesin RS  

USP Methocarbamol RS 

BRIEFING

Misoprostol Dispersion. Because there is no existing USP monograph for this drug substance,
a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedure in the Assay and test for Organic Impurities is based on
analyses performed with the Symmetry C8 brand of L7 column. The typical retention time for
misoprostol is about 13 min.

USP seeks industry feedback regarding other types of Misoprostol Dispersion, prepared using
dispersing agents other than hypromellose. Stakeholders are encouraged to submit
comments for the Expert Committee consideration.

(SM3: E. Gonikberg.)
Correspondence Number—C114164

Comment deadline: January 31, 2014

Add the following:
Misoprostol Dispersion

DEFINITION

Misoprostol Dispersion is a mixture of Misoprostol and Hypromellose. It contains NLT 95.0% and
NMT 104.0% of the labeled amount of misoprostol (C22H38O5).

IDENTIFICATION
•  A. Ultraviolet Absorption (perform both Procedure 1 and Procedure 2)

Procedure 1 
Medium:  Methanol and water (4:1)
Sample solution:  Nominally 16 µg/mL of misoprostol in Medium prepared as follows.

Dissolve the amount of Misoprostol Dispersion, equivalent to 400 µg of misoprostol, in 25
mL of Medium.

Blank:  Prepare a solution of hypromellose in Medium having the same concentration as in
the Sample solution.

Analysis:  Determine UV absorption spectrum of Sample solution against the Blank from
330–230 nm.

Acceptance criteria 1:  It exhibits no maximum near 280 nm.
Procedure 2 

Medium:  Methanol and 1 N potassium hydroxide (4:1)
Sample solution:  Add 10 mL of Medium to 10 mL of the Sample solution prepared from

Procedure 1. Allow to stand for 30 min at room temperature.
Blank:  Add 10 mL of Medium to 10 mL of the Blank prepared from Procedure 1. Allow to

stand for 30 min at room temperature.
Analysis:  Determine UV absorption spectrum of Sample solution against the Blank from

330–230 nm.
Acceptance criteria 2:  It exhibits a maximum near 280 nm.

USP38
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•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure
[Note—During addition of water to a solution of misoprostol in isopropyl alcohol, an exothermic

reaction takes place. After each addition of water, invert the flask to mix isopropyl alcohol
and water. Allow the solution to cool to room temperature before the final dilution.]

Buffer:  1.36 g/L of monobasic potassium phosphate in water, adjusted with phosphoric acid
to a pH of 3.0 ± 0.1.

Mobile phase:  Isopropyl alcohol and Buffer (27:73)
Standard stock solution:  0.5 mg/mL of USP Misoprostol RS in isopropyl alcohol. [Note

—This solution is stable up to 28 days when stored at 5 ± 3 .]
Standard solution:  0.1 mg/mL of USP Misoprostol RS in water from Standard stock

solution. [Note—This solution is stable up to 7 days when stored at 5 ± 3 .]
Sample solution:  Nominally 0.1 mg/mL of misoprostol prepared as follows. Place an amount

of Misoprostol Dispersion, equivalent to about 10 mg of misoprostol, into a 100-mL
volumetric flask, and add 25 mL of isopropyl alcohol. Shake to disperse the solid, place the
solution in an ice bath, swirl, and allow to cool for 10 min. Carefully add about 70 mL of
water, previously chilled in a refrigerator, remove from the ice bath, and shake. Sonicate

as necessary at a temperature not exceeding 20 . Equilibrate to room temperature, dilute

with water to volume, and immediately cool the solution to 5 . [Note—This solution is

stable up to 7 days when stored at 5 ± 3 .]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 205 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7
Temperatures 

Column:  50 ± 2 ; the Mobile phase must be preheated prior to introduction on the
column.

Autosampler:  5 ± 3
Flow rate:  1.5 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution

[Note—USP Misoprostol RS contains 12-epimisoprostol as a minor component. The relative
retention times for 12-epimisoprostol and misoprostol are 0.84 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2.7 between 12-epimisoprostol and misoprostol
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of misoprostol (C22H38O5) in the portion
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of Misoprostol Dispersion taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Misoprostol RS in the Standard solution (mg/mL)
CU= nominal concentration of misoprostol in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–104.0%

IMPURITIES
•  Organic Impurities
[Note—During the addition of water to a solution of misoprostol in isopropyl alcohol, an

exothermic reaction takes place. After each addition of water, invert the flask to mix
isopropyl alcohol and water. Allow the solution to cool to room temperature before the final
dilution.]

Buffer, Mobile phase, Standard solution, Sample solution, and Chromatographic
system:  Proceed as directed in the Assay.

Diluent:  Isopropyl alcohol and water (27:73)
Blank:  Prepare a solution of hypromellose in the Diluent having the same concentration as

in the Sample solution.
Diluted standard solution:  0.5 µg/mL of USP Misoprostol RS in Diluent from Standard

solution
Sensitivity solution:  0.1 µg/mL of USP Misoprostol RS in Diluent from Diluted standard

solution
System suitability 

Samples:  Standard solution and Sensitivity solution
Suitability requirements 

Resolution:  NLT 2.7 between 12-epimisoprostol and misoprostol, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Sample solution, Blank, and Diluted standard solution

Calculate the percentage of any individual impurity in the portion of Misoprostol Dispersion
taken:

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

rU= peak response of any individual impurity from the Sample solution
rS= peak response of misoprostol from the Diluted standard solution
CS= concentration of USP Misoprostol RS in the Diluted standard solution (µg/mL)
CU= nominal concentration of misoprostol in the Sample solution (µg/mL)
F= relative response factor (see Table 1)

Acceptance criteria:  See Table 1. Disregard a peak from the Diluent, eluting at about 4
min, and any other peak observed in the Blank.

Table 1
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Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

12-Epimisoprostol 0.84 — —a

8-Epimisoprostolb 0.90 0.90 0.50

Misoprostol 1.0 — —
B-Type misoprostolc 1.6 0.78 0.30

A-Type misoprostold 1.9 2.6 0.50

Any other individual impurity — 1.0 0.1
Total impurities — — 1.8

a  This is a process impurity in the manufacturing of misoprostol. It is controlled in the
misoprostol, which is the starting material for the Misoprostol Dispersion. This impurity is
included in the table for identification only, and it is not to be reported or included in the
total impurities for the Misoprostol Dispersion.

b  Methyl (1S*,2R*,3R*)-3-hydroxy-2-[(E)-4-hydroxy-4-methyl-1-octenyl]-5-
oxocyclopentaneheptanoate. 

c  (E)-Methyl 7-[2-(4-hydroxy-4-methyloct-1-enyl)-5-oxocyclopent-1-enyl]heptanoate.
d  Methyl 7-[(1R*,2S*)-2-[(E)-4-hydroxy-4-methyloct-1-enyl]-5-oxocyclopent-3-

enyl]heptanoate.

SPECIFIC TESTS

•  Water Determination, Method Ic 921
Sample:  300 mg
Analysis:  Perform the test immediately after opening the sample container. Use the

evaporation technique in which water is released and evaporated from the Sample by

heating it in an external oven at 105  and transferring it to the reaction cell with the aid
of an inert gas.

Acceptance criteria:  NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light, and store in a

refrigerator.
•  Labeling: The label states that this article is not intended for direct administration to

humans or animals. Label it to indicate the nominal concentration or percentage of
misoprostol in the Misoprostol Dispersion.

•  USP Reference Standards 11
USP Misoprostol RS 

BRIEFING

Norelgestromin. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analyses, is proposed. The HPLC procedures in
the Assay and test for Organic Impurities are based on analyses performed with the YMC
Pack Diol-NP brand of L20 column. The typical retention times for (E)-norelgestromin and
(Z)-norelgestromin are about 32 and 37 min, respectively.

USP38
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(SM4: M. Koleck.)
Correspondence Number—C121052

Comment deadline: January 31, 2014

Add the following:
Norelgestromin

C21H29NO2       327.46 

18,19-Dinorpregn-4-en-20-yn-3-one, 13-ethyl-17-hydroxy-, oxime, (17 )-;     
13-Ethyl-17-hydroxy-18,19-dinor-17 -pregn-4-en-20-yn-3-one oxime     [53016-31-2].

DEFINITION

Norelgestromin is a mixture of (E)- and (Z)-isomers having a ratio of (E)- to (Z)-isomer
between 1.3 and 1.6, and the sum of both isomers is NLT 98.0% and NMT 102.0% of
norelgestromin (C21H29NO2), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

Mobile phase:  Cyclohexane and absolute alcohol (100:2)
Diluent:  Cyclohexane and absolute alcohol (90:10)
System suitability solution:  1.5 mg/mL of USP Norelgestromin RS and 8 µg/mL of USP

Norelgestromin Related Compound A RS in Diluent
Standard solution:  1.5 mg/mL of USP Norelgestromin RS in Diluent
Sample solution:  1.5 mg/mL of Norelgestromin in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4.6-mm × 25-cm; 5-µm packing L20

Column temperature:  50
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Flow rate:  1.2 mL/min
Injection volume:  25 µL
Run time:  1.6 times the retention time of (Z)-norelgestromin

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for the (Z)-isomer of norelgestromin related compound

A, (E)-norelgestromin, and (Z)-norelgestromin are about 0.77, 0.85, and 1.00,
respectively.]

Suitability requirements 
Resolution:  NLT 1.4 between the (Z)-isomer of norelgestromin related compound A and

(E)-norelgestromin, System suitability solution
Tailing factor:  0.8–1.2 for both (E)- and (Z)-norelgestromin, System suitability solution

and Standard solution
Relative standard deviation:  NMT 0.73% for both (E)- and (Z)-norelgestromin,

System suitability solution and Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of norelgestromin (C21H29NO2) in the portion of Norelgestromin
taken:

Result = [(rUE × F) + rUZ]/[(rSE × F) + rSZ] × (CS/CU) × 100

rUE= peak response of (E)-norelgestromin from the Sample solution
F = response factor for (E)-norelgestromin, 1.04
rUZ= peak response of (Z)-norelgestromin from the Sample solution
rSE= peak response of (E)-norelgestromin from the Standard solution
rSZ= peak response of (Z)-norelgestromin from the Standard solution
CS= concentration of USP Norelgestromin RS in the Standard solution (mg/mL)
CU= concentration of Norelgestromin in the Sample solution (mg/mL)

Calculate the ratio of (E)- to (Z)-norelgestromin:

Result = (rUE × F)/rUZ

rUE= peak response of (E)-norelgestromin from the Sample solution
F = response factor for (E)-norelgestromin, 1.04
rUZ= peak response of (Z)-norelgestromin from the Sample solution

Acceptance criteria 
Both isomers:  98.0%–102.0% on the anhydrous basis
Ratio of (E)- to (Z)-isomer:  1.3–1.6

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities

Mobile phase, Diluent, System suitability solution, Standard solution, Sample
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solution, and Chromatographic system:  Proceed as directed in the Assay.
Sensitivity solution:  1.5 µg/mL of USP Norelgestromin RS in Diluent from the Standard

solution
System suitability 

Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 1.4 between the (Z)-isomer of norelgestromin related compound A and
(E)-norelgestromin, System suitability solution

Tailing factor:  0.8–1.2 for both (E)- and (Z)-norelgestromin, System suitability solution
and Standard solution

Relative standard deviation:  NMT 0.73% for both (E)- and (Z)-norelgestromin,
System suitability solution and Standard solution

Signal-to-noise ratio:  NLT 3 for both (E)- and (Z)-norelgestromin, Sensitivity solution
Analysis 

Samples:   Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Norelgestromin taken:

Result = {rU/[(rSE × F) + rSZ]} × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rSE= peak response of (E)-norelgestromin from the Standard solution
F = response factor for (E)-norelgestromin, 1.04
rSZ= peak response of (Z)-norelgestromin from the Standard solution
CS= concentration of USP Norelgestromin RS in the Standard solution (mg/mL)
CU= concentration of Norelgestromin in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1. Disregard peaks that are less than 0.05% of the total
peak areas of (E)- and (Z)-norelgestromin.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Norgestrela 0.37 0.5

(E)- and (Z)-Norgestimateb 0.43c, 0.47d 0.5e

Norelgestromin 5(10)-enef,g 0.68 —

Norelgestromin related compound Ag 0.73h, 0.77i —
(E)-Norelgestromin 0.85 —
(Z)-Norelgestromin 1.0 —
Any other individual impurity — 0.10
Total impurities — 1.0
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a  (±)-13-Ethyl-17-hydroxy-18,19-dinor-17 -pregn-4-en-20-yn-3-one.
b  18,19-Dinor-17-pregn-4-en-20-yn-3-one, 17-(acetyloxy)-13-ethyl-,oxime, (17 )-(+)-;

(+)-13-Ethyl-17-hydroxy-18,19-dinor-17 -pregn-4-en-20-yn-3-one oxime acetate
(ester).

c  (E)-Norgestimate.
d  (Z)-Norgestimate.
e  The combined limits for (E)- and (Z)-norgestimate are NMT 0.5%.
f  13-Ethyl-17-hydroxy-18,19-dinor-17 -pregn-5(10)-en-20-yn-3-one oxime.
g  This is not a specified impurity and is included in this table for identification only. It is

not to be reported or included in the total impurities.
h  (E)-Isomer of norelgestromin related compound A.
i  (Z)-Isomer of norelgestromin related compound A.

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  5 mg/mL in alcohol and water (75:25)

Acceptance criteria:  +35  to +41

•  Water Determination, Method Ic 921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature.

•  USP Reference Standards 11
USP Norelgestromin RS 
USP Norelgestromin Related Compound A RS  

Mixture of (E)- and (Z)-isomers.     
13-Ethyl-17-hydroxy-18,19-dinor-17 -pregn-5(6)-en-20-yn-3-one oxime.     
C21H29NO2       327.46

BRIEFING

Oleovitamin A and D, USP 36 page 4569. The following changes are proposed:

1. The Assay should reflect the changes in the recent revision of general chapters Vitamin

A Assay 571  and Vitamin D Assay 581 .
2. USP Retinyl Acetate RS and USP Retinyl Palmitate RS are added for use in the Vitamin A

Assay, Chromatographic method.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(DS: H. Dinh.)
Correspondence Number—C136069

Comment deadline: January 31, 2014
Oleovitamin A and D

USP38
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DEFINITION

Oleovitamin A and D is a solution of vitamin A and vitamin D in fish liver oil or in an edible
vegetable oil. The vitamin D is present as ergocalciferol or cholecalciferol obtained by the
activation of ergosterol or 7-dehydrocholesterol, or from natural sources. Oleovitamin A and D
contains NLT 90.0% of the labeled amounts of vitamins A and D.

ASSAY

Change to read:

•   A. Vitamin A Assay 571

Analysis:  Proceed as directed in Vitamin A Assay 571 .
The acceptance criteria may be met by following any one of the specified procedures
described in the Chemical Method or Chromatographic Method in the chapter. The
method and procedure used should be stated in the labeling.

Acceptance criteria:  NLT 90.0% of the labeled amount

Change to read:

•  B. Vitamin D Assay 581
Analysis:  Weigh a quantity of Oleovitamin A and D expected to contain the equivalent of

125–250 µg of vitamin D, but NMT 7.5 mg of vitamin A, and proceed as directed for

Chemical Method in Vitamin D Assay 581 . If the assay specimen contains less than the
equivalent of 2.5 µg/g of vitamin D, or if the ratio of vitamin A to vitamin D exceeds

300:1, proceed as directed for Biological Method in Vitamin D Assay 581 .
The acceptance criteria may be met by following any one of the specified procedures
described in the Chromatographic Method in the chapter. The procedure used should be
stated in the labeling.

Acceptance criteria:  NLT 90.0% of the labeled amount

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from light and air,

preferably under an atmosphere of an inert gas. Store in a dry place.
•  Labeling: Label it to indicate the content of vitamin A in terms of retinol/g. The vitamin A

content may also be expressed in USP Vitamin A Units/g. Label it to show whether it
contains ergocalciferol, cholecalciferol, or vitamin D from a natural source. Label it to
indicate the vitamin D content, in µg, of ergocalciferol or cholecalciferol/g. Its vitamin D
content may be expressed also in USP Vitamin D Units/g.

Change to read:

•  USP Reference Standards 11
USP Cholecalciferol RS 
USP Ergocalciferol RS 
USP Retinyl Acetate RS 

USP Retinyl Palmitate RS  

BRIEFING

USP38

USP38

USP38
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Pimozide, USP 36 page 4802 and PF 39(2) [Mar.–Apr. 2013]. In addition to the previously
proposed changes in PF 39(2), it is proposed to further modernize the monograph with the
following changes:

1. The current nonspecific Assay by titration is replaced with a stability-indicating HPLC
method based on the procedure in the test for Organic Impurities. The proposed
Assay uses the Hypersil ODS brand of L1 column manufactured by Thermo Scientific
Corporation, in which Pimozide elutes at about 8 min.

2. Delete the Diluted sample solution in Identification test B and in the test for Organic
Impurities, because the Sample solution in the Assay is used in Identification test B.

3. Revise the Analysis in Loss on Drying to be consistent with that in European
Pharmacopoeia 7.8.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Min.)
Correspondence Number—C127203; C131309; C117808

Comment deadline: January 31, 2014
Pimozide

C28H29F2N3O       461.55 

2H-Benzimidazol-2-one, 1-[1-[4,4-bis(4-fluorophenyl)butyl]-4-piperidinyl]-1,3-dihydro-;     
1-[1-[4,4-Bis(p-fluorophenyl)butyl]-4-piperidyl]-2-benzimidazolinone     [2062-78-4].

DEFINITION

Pimozide contains NLT 98.0% and NMT 102.0% of pimozide (C28H29F2N3O), calculated on the
dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Change to read:

•  B. Ultraviolet Absorption 197U
Sample solution:  35 µg/mL in 0.1 N hydrochloric acid in methanol (1 in 10)

The retention time of the major peak of the Diluted sample solution
Sample solution USP38
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corresponds to that of the Standard solution, as obtained in the Organic Impurities
Assay.

ASSAY

Change to read:
•  Procedure

Sample solution:  320 mg of Pimozide in glacial acetic acid
 

Analysis:  Dissolve the Sample in 40 mL of glacial acetic acid, and titrate with 0.1 N
perchloric acid VS, determining the endpoint potentiometrically. Perform a blank

determination (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to
46.16 mg of C28H29F2N3O.
Titrimetric system 

(See Titrimetry 541 .)

Mode:  Direct titration
Titrant:  0.1 N perchloric acid VS
Endpoint detection:  Potentiometric
Analysis:  Titrate the Sample solution with the Titrant. Perform a blank titration.

Calculate the percentage of pimozide (C28H29F2N3O) in the portion of Pimozide taken:

Result= [(VS  VB) × N × (F/W)] × 100

VS= Titrant volume consumed by the sample (mL)
VB= Titrant volume consumed by the blank (mL)
N= Titrant normality (meq/mL)
F= equivalent weight of pimozide, 461.6 mg/meq
W= sample weight (mg)

 
Solution A:  2.5 g/L of ammonium acetate and 8.5 g/L of tetrabutylammonium hydrogen

sulfate in water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 70 30
15 70 30
20 80 20
25 80 20

System suitability solution:  0.05 mg/mL of USP Pimozide RS and 0.02 mg/mL of USP
Mebendazole RS in methanol

Standard solution:  1 mg/mL of USP Pimozide RS in methanol

USP38

USP38
1S (USP37)

USP38

1S (USP37)
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Sample solution:  1 mg/mL of Pimozide in methanol. [Note—Sonication may be needed to
dissolve the sample.]

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 280 nm
Column:  4.6 mm × 10 cm; 3-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between pimozide and mebendazole, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 0.73% for five injections, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of pimozide (C28H29F2N3O) in the portion of Pimozide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of pimozide from the Sample solution
rS= peak response of pimozide from the Standard solution
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
CU= concentration of Pimozide in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.2%

•  Heavy Metals, Method II 231 : NMT 20 ppm

Change to read:
•  Organic Impurities

Ordinary Impurities 466  
Standard solution and Sample solution:  Chloroform
Eluant:  Cyclohexane and acetone (1:1)
Visualization:  1, then 17
Acceptance criteria:  The total of any ordinary impurities observed does not exceed

1.0%.

Solution A:  2.5 g/L of ammonium acetate and 8.5 g/L of tetrabutylammonium hydrogen
sulfate in water

Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

USP38
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
10 70 30
15 70 30
20 80 20
25 80 20

System suitability solution:  0.05 mg/mL of USP Pimozide RS and 0.02 mg/mL of USP
Mebendazole RS in methanol

Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 280 nm
Column:  4.6 mm × 10 cm; 3-µm packing L1
Flow rate:  2 mL/min
Injection volume:  10 µL
Solution A, Solution B, Mobile phase, System suitability solution, and
Chromatographic system:  Proceed as directed in the Assay.

Standard solution:  0.05 mg/mL of USP Pimozide RS in methanol
Sample solution:  10 mg/mL of Pimozide in methanol. [Note—Sonication may be needed to

dissolve the sample.]
Diluted Sample solution:  0.05 mg/mL of Pimozide in methanol from the Sample solution

 
System suitability 

Samples:  System suitability solution and Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between pimozide and mebendazole, System suitability solution
Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution, Diluted sample solution,
 

and Sample solution [Note—The Diluted sample solution is used for Identification test B.]
 

Calculate the percentage of each impurity in the portion of Pimozide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of pimozide from the Standard solution
CS= concentration of USP Pimozide RS in the Standard solution (mg/mL)
CU= concentration of Pimozide in the Sample solution (mg/mL)

USP38

USP38

USP38

USP38
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Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Pimozide aminea 0.1 0.5
Mebendazoleb 0.88 —
Desfluoro pimozidec 0.9 0.5

o-Pimozide isomerd 0.95 0.5
Pimozide 1.0 —
Didehydropimozidee 1.1 0.5
Pimozide N-oxidef 1.3 0.5
Any individual unspecified impurity — 0.10
Total impurities — 0.75

a  1-(Piperidin-4-yl)benzimidazolin-2-one.
b  Included for system suitability purposes only. Not a process impurity or degradation

product.
c  1-{1-[4-(4-Fluorophenyl)-4-phenylbutyl]piperidin-4-yl}benzimidazolin-2-one.
d  1-{1-[4-(2-Fluorophenyl)-4-phenylbutyl]piperidin-4-yl}benzimidazolin-2-one.
e  1-{1-[4,4-Bis(4-fluorophenyl)butyl]-1,2,3,6-tetrahydropyridin-4-yl}benzimidazolin-2-

one.
f  1-[4,4-Bis(4-fluorophenyl)butyl]-4-(2-oxobenzimidazol-1-yl)piperidine 1-oxide.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 216 –220  

Change to read:

•  Loss on Drying 731

Analysis:  Dry a sample in a vacuum at 80  for 4 h.
Acceptance criteria:  NMT 0.5%

Analysis:  Dry at 105
to a constant weight.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

•  USP Reference Standards 11
USP Mebendazole RS 
USP Pimozide RS 

BRIEFING

1S (USP37)

1S (USP37)

USP38

1S (USP37)
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Polyethylene Glycol 3350. Because there is no existing USP monograph for this drug
substance, a new monograph is being proposed based on methods and data received. The
current NF monograph for Polyethylene Glycol covers nominal average molecular weights
ranging from 200 to 8000 that include polyethylene glycol 3350. It is proposed to develop a
separate USP monograph for Polyethylene Glycol 3350 to reflect its use as an active drug
substance. This newly proposed monograph, which covers polyethylene glycol with a nominal
average molecular weight of 3350, will be listed in the NF section as a cross reference to
the USP general monographs section to reflect its use as both an active and inactive
ingredient. See also the Briefing for the NF monograph for Polyethylene Glycol, appearing
elsewhere in this issue of PF.

1. The procedure in the Assay is based on a size exclusion chromatographic (SEC) method
of analysis performed using the Waters Ultrahydrogel DP brand of L25 column. The
retention time for polyethylene glycol 3350 is about 8.5 min.

2. The procedure in the test for Limit of Ethylene Glycol and Diethylene Glycol is based on
an HPLC method of analysis using the Tosoh Bioscience Tskgel G-Oligo-PW aqueous
brand of L## column. The retention times for diethylene glycol and ethylene glycol
are 16.9 and 17.9 min, respectively.

3. The procedure in the test for Limit of Formaldehyde and Acetaldehyde is based on an
HPLC method of analysis using the Agilent Zorbax Eclipse XDB C8 brand of L7 column.
The retention times for formaldehyde and acetaldehyde are 2.97 and 3.65 min,
respectively.

4. The procedure in the test for Apparent Weight-Average Molecular Weight and
Polydispersity is based on an SEC method of analysis using the Polymer Laboratories
PL Aquagel–OH 40 brand of L## column. The retention time for polyethylene glycol
3350 is about 18.0 min.

(EXC: H. Wang.)
Correspondence Number—C118641

Comment deadline: January 31, 2014

Add the following:
Polyethylene Glycol 3350

Poly(oxy-1,2-ethanediyl), -hydro- -hydroxy-;     
1,2-Ethanediol, homopolymer      [25322-68-3].

DEFINITION

Polyethylene Glycol is an addition polymer of ethylene oxide and water, represented by the
formula H(OCH2CH2)nOH, in which n represents the average number of oxyethylene groups. The
apparent weight-average molecular weight is 3015–3685 g/mol (Da). It contains NLT 97.0% and
NMT 103.0% of polyethylene glycol 3350, calculated on the anhydrous basis. It may contain a
suitable antioxidant.

IDENTIFICATION

•  A. Infrared Absorption 197F : Use a thin film of test specimen, melted if necessary, in
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the range from 4000 cm 1 to 650 cm 1.
•  B. Chromatographic Identity

Analysis:  Proceed as directed in the Assay.
Acceptance criteria:  The retention time of the major peak of the Sample solution

corresponds to that of the Standard solution.

ASSAY
•  Procedure

Mobile phase:  Water
Standard solution:  20 mg/mL of USP Polyethylene Glycol 3350 RS in Mobile phase
Sample solution:  20 mg/mL of Polyethylene Glycol 3350 in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Differential refractive index
Columns 

Guard:  6-mm × 4-cm; 6-µm packing L25
Analytical:  7.8-mm × 30-cm; 6-µm packing L25

Temperatures 

Detector:  35 ± 1

Column:  24 ± 1
Flow rate:  0.8 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The retention time for polyethylene glycol 3350 is about 8.5 min.]
Suitability requirements 

Relative standard deviation:  NMT 1.5%
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of polyethylene glycol 3350 [(H(OCH2CH2)nOH)] in the portion of
Polyethylene Glycol 3350 taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Polyethylene Glycol 3350 RS in the Standard solution (mg/mL)
CU= concentration of Polyethylene Glycol 3350 in the Sample solution (mg/mL)

Acceptance criteria:  97.0%–103.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281
Sample:  2 g
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Analysis:  Proceed as directed, moistening the residue with 2 mL of sulfuric acid.
Acceptance criteria:  NMT 0.1%

•  Heavy Metals 231
Test preparation:  4.0 g in 5.0 mL of 0.1 N hydrochloric acid. Dilute with water to 25 mL.
Acceptance criteria:  NMT 5 µg/g

•  Limit of Ethylene Oxide and Dioxane

Analysis:  Proceed as directed in Ethylene Oxide and Dioxane, Method II 228 .
Acceptance criteria 

Ethylene oxide:  NMT 1 µg/g
Dioxane:  NMT 10 µg/g

•  Limit of Ethylene Glycol and Diethylene Glycol
Mobile phase:  50 µg/mL of sodium azide in water
Eluent:  Water
Standard stock solution:  10 mg/g of USP Diethylene Glycol RS and 10 mg/g of USP

Ethylene Glycol RS in Eluent
Standard solution:  Transfer 0.1 g of Standard stock solution to a 100-mL volumetric flask.

Dilute with water to volume. The Standard solution contains 0.01 mg/mL of USP
Diethylene Glycol RS and 0.01 mg/mL of USP Ethylene Glycol RS.

Sample solution:  10 mg/mL of Polyethylene Glycol 3350 in Eluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Differential refractive index

Column:  7.8-mm × 30-cm; 6-µm packing L##, 125-  pore size
Temperatures 

Detector:  35 ± 1

Column:  35 ± 1
Flow rate:  0.5 mL/min
Injection volume:  100 µL
Run time:  30 min

System suitability 
Sample:  Standard solution
[Note—The relative retention times for diethylene glycol and ethylene glycol are 1.0 and

1.1, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between diethylene glycol and ethylene glycol
Analysis 

Samples:  Standard solution and Sample solution 
Calculate the percentage of diethylene glycol (or ethylene glycol) in the portion of
Polyethylene Glycol 3350 taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of diethylene glycol (or ethylene glycol) from the Sample solution
rS= peak response of diethylene glycol (or ethylene glycol) from the Standard solution
CS= concentration of USP Diethylene Glycol RS (or USP Ethylene Glycol RS) in the

Standard solution (mg/mL)
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CU= concentration of Polyethylene Glycol 3350 in the Sample solution (mg/mL)

Acceptance criteria 
Ethylene glycol:  NMT 0.062%
Sum of diethylene glycol and ethylene glycol:  NMT 0.2%

•  Limit of Formaldehyde and Acetaldehyde
Solution A:  Water
Solution B:  Acetonitrile
Mobile phase:  See Table 1.

Table 1

Timea 
(min)

Solution A
(%)

Solution B
(%)

0 50 50
11 0 100

a  The equilibration time is 5 min.
[Note—Use amber containers and amber autosampler vials.]

2,4-DNPH solution:  Transfer 250 mg of 2,4-dinitrophenylhydrazine (2.4-DNPH) to a 50-mL
volumetric flask, add 20.0 mL of acetonitrile, and swirl to mix. Add 3.0 mL of hydrochloric
acid to the flask, and swirl to mix. Sonicate until all solids are dissolved, and dilute with
acetonitrile to volume.

Formaldehyde-2,4-DNPH solution:  100 µg/mL of aldehyde equivalent in acetonitrile1

Acetaldehyde-2,4-DNPH solution:  1000 µg/mL of aldehyde equivalent in acetonitrile2

Formaldehyde stock solution:  Transfer 500 µL of Formaldehyde-2,4-DNPH solution to a
10-mL volumetric flask. Dilute with acetonitrile to volume. The formaldehyde concentration
is 5.0 µg/mL.

Acetaldehyde stock solution:  Transfer 500 µL of Acetaldehyde-2,4-DNPH solution to a
10-mL volumetric flask. Dilute with acetonitrile to volume. The acetaldehyde concentration
is 50.0 µg/mL.

Standard solution:  Transfer 1.5 mL of Formaldehyde stock solution and 1.2 mL of
Acetaldehyde stock solution to a 10-mL volumetric flask. Dilute with acetonitrile to
volume, and mix well. The concentrations of formaldehyde and acetaldehyde are 0.75
µg/mL and 6.0 µg/mL, respectively.

Sample solution:  Transfer 0.5 g of Polyethylene Glycol 3350 to a 10-mL volumetric flask.
Add 1.0 mL of acetonitrile to the flask, and swirl to dissolve the sample. Add 2.0 mL of
2,4-DNPH solution to the flask, and swirl to mix. Allow the solution to react for 15 min,
then dilute with acetonitrile to volume.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 360 nm

Column:  3.0-mm × 15-cm; 3.5-µm packing L7, 80-  pore size

Column temperature:  30 ± 1
Flow rate:  0.65 mL/min
Injection volume:  5 µL

System suitability 
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Sample:  Standard solution
[Note—The relative retention times for formaldehyde and acetaldehyde are 1.0 and 1.2,

respectively.]
Suitability requirements 

Resolution:  NLT 2.0 between formaldehyde and acetaldehyde
Analysis 

Samples:  Standard solution and Sample solution

Calculate the content of formaldehyde (or acetaldehyde), in µg/g, in the portion of
Polyethylene Glycol 3350 taken:

Result = (rU/rS) × (CS/CU)

rU= peak response of formaldehyde (or acetaldehyde) from the Sample solution
rS= peak response of formaldehyde (or acetaldehyde) from the Standard solution
CS= concentration of formaldehyde (or acetaldehyde) in the Standard solution (µg/mL)
CU= concentration of Polyethylene Glycol 3350 in the Sample solution (g/mL)

Acceptance criteria 
Formaldehyde:  NMT 30 µg/g
Sum of formaldehyde and acetaldehyde:  NMT 200 µg/g

SPECIFIC TESTS
•  Apparent Weight-Average Molecular Weight and Polydispersity

Mobile phase:  Water
Standard solution:  5 mg/mL each of five polyethylene glycol standards with molecular

weights of 960, 1960, 3020, 6430, and 12,300 Daltons (g/mol) or equivalent standards
ranging from 900 to 15,000 Daltons (g/mol) in Mobile phase

Dextran solution:  5 mg/mL of dextran standard of weight-average molecular weight of
3,500,000 Daltons in Mobile phase

Sample solution:  5 mg/mL of Polyethylene Glycol 3350 in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Differential refractive index
Columns:  Two 7.5-mm × 30-cm; 8-µm packing L##
Temperatures 

Detector:  35 ± 1

Column:  35 ± 1
Flow rate:  1.0 mL/min
Injection volume:  20 µL
Run time:  40 min

Analysis 
Samples:  Standard solution, Dextran solution, and Sample solution 

Determine the void volume using Dextran solution. 
Separately inject equal volumes of the Standard solution and the Sample solution into
the chromatograph, record the chromatograms, and determine the elution peak maxima
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and the corresponding retention times for the five polyethylene glycol standards.
Calibration curve:  Plot the retention times on the x-axis against the log MP (MP: peak

molecular weights) on the y-axis for the peaks from the polyethylene glycol standard to
generate a calibration curve using suitable gel permeation chromatography or size
exclusion chromatography (GPC/SEC) software.

Calculations:  Compute the data using the same GPC/SEC software, and determine the
number- and weight-average molecular weights, MN and MW, in g/mol, respectively, for
the chromatogram of the Sample solution. 
Calculate the polydispersity for Polyethylene Glycol 3350:

Result = MW/MN

MW= weight-average molecular weight from the Sample solution (g/mol)
MN= number-average molecular weight from the Sample solution (g/mol)

Acceptance criteria:  The value of apparent weight-average molecular weight is 3015–
3685 g/mol. Polydispersity is 90%–110% of the value stated on the label or within the
range indicated on the label.

•  Acidity and Alkalinity
Sample solution:  Dissolve 5.0 g of Polyethylene Glycol 3350 in 100 mL of carbon dioxide-

free water.
Analysis:  Add 0.3 mL of a saturated solution of potassium chloride into the Sample

solution. The test solution should be maintained at 25 ± 2  during the measurement.

Measure the pH following the general chapter pH 791  .
Acceptance criteria:  4.5–7.5

•  Water Determination, Method I 921 : NMT 1.0%, determined on 2.0 g

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers, protected from direct sunlight. Store

at room temperature.
•  Labeling: Label it to indicate its polydispersity (MW/MN) or its polydispersity range. Label it

to indicate the name and amount of any added antioxidant.

•  USP Reference Standards 11
USP Diethylene Glycol RS 
USP Ethylene Glycol RS 
USP Polyethylene Glycol 3350 RS 

1  Available from Sigma-Aldrich Corporation, or equivalent.

2  Available from Sigma-Aldrich Corporation, or equivalent.

BRIEFING

Prednisone, USP 36 page 4887. On the basis of comments received, it is proposed to revise
the monograph as follows:

1. Because the anhydrous form of the drug substance is found in all current drug products
containing prednisone, the reference to the monohydrate form is deleted from the
chemical name, chemical formula, and molecular weight in the chemical information

USP38
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section; from the Definition; and from the test for Water Determination, Method I.
2. Storage conditions are added to the Packaging and Storage section to be consistent

with the approved package insert.

3. A reference to 921  was added to the test for Water Determination, Method I to
strengthen the monograph.

4. The Labeling statement is deleted, because it is no longer needed.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: M. Koleck.)
Correspondence Number—C109362

Comment deadline: January 31, 2014
Prednisone

Change to read:

C21H26O5·H2O       376.46 
C21H26O5      358.44 

Pregna-1,4-diene-3,11,20-trione, monohydrate

17,21-dihydroxy-;     
17,21-Dihydroxypregna-1,4-diene-3,11,20-trione monohydrate

     
Anhydrous

[53-03-2].

DEFINITION

Change to read:

Prednisone contains one molecule of water of hydration or is anhydrous. It
Prednisone

contains NLT 97.0% and NMT 102.0% of prednisone (C21H26O5), calculated on the anhydrous
basis.

USP38

USP38

USP38

USP38

USP38
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IDENTIFICATION

•  A. Infrared Absorption 197K
Analysis:  If a difference appears, dissolve portions of both the sample and the Reference

Standard in methanol, evaporate the solutions to dryness, and repeat the tests.
Acceptance criteria:  Meets the requirements

•  B.
Analysis 1:  Dissolve 6 mg in 2 mL of sulfuric acid, and allow to stand for 5 min.
Acceptance criteria 1:  An orange color is produced.
Analysis 2:  Pour the resulting solution from Analysis 1 into 10 mL of water.
Acceptance criteria 2:  The color changes first to yellow and then, gradually, to bluish

green.

ASSAY
•  Procedure

Mobile phase:  Peroxide-free tetrahydrofuran, methanol, and water (250:62:688)
Diluent:  Methanol and water (1:1)
Standard stock solution:  0.2 mg/mL of USP Prednisone RS in Diluent
Internal standard solution:  110 µg/mL of acetanilide in Diluent
Standard solution:  20 µg/mL of USP Prednisone RS and 11 µg/mL of acetanilide in Diluent

from the Standard stock solution and the Internal standard solution, respectively. Prepare
this solution fresh.

Sample stock solution:  0.2 mg/mL of Prednisone in Diluent
Sample solution:  20 µg/mL of Prednisone and 11 µg/mL of acetanilide in Diluent from the

Sample stock solution and the Internal standard solution, respectively. Prepare this
solution fresh.

Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  4-mm × 25-cm; packing L1
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
[Note—The retention times of acetanilide and prednisone are about 6 and 8 min,

respectively.]
Suitability requirements 

Resolution:  NLT 3 between prednisone and acetanilide
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of prednisone (C21H26O5) in the portion of Prednisone taken:

Result = (RU/RS) × (CS/CU) × 100

RU= peak response ratio of prednisone to acetanilide from the Sample solution
RS= peak response ratio of prednisone to acetanilide from the Standard solution
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CS= concentration of USP Prednisone RS in the Standard solution (µg/mL)
CU= concentration of Prednisone in the Sample solution (µg/mL)

Acceptance criteria:  97.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281
Sample:  100 mg
Acceptance criteria:  Negligible

•  Organic Impurities
Mobile phase:  Chloroform and methanol (98:2)
Sample solution:  1.25 mg/mL of Prednisone in Mobile phase
Chromatographic system   

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 254 nm
Column:  6.0-mm × 4.0-cm; packing L3
Flow rate:  1 mL/min
Injection volume:  5 µL

System suitability 
Sample:  Sample solution
Suitability requirements 

Column efficiency:  NLT 2500 theoretical plates
Relative standard deviation:  NMT 2.0%

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Prednisone taken:

Result = (rU/rT) × 100

rU= peak response for each impurity
rT= sum of all the peak responses

Acceptance criteria 
Any individual impurity:  NMT 1.5%
Total impurities:  NMT 2.0%

SPECIFIC TESTS

•  Optical Rotation, Specific Rotation 781S
Sample solution:  5 mg/mL in dioxane

Acceptance criteria:  +167  to +175

Change to read:
•  Water Determination, Method I

921
Acceptance criteria:  NMT 5.0% for Prednisone monohydrate;

USP38
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NMT 1.0% for anhydrous Prednisone

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers,
protected from light and moisture. Store at controlled room temperature.

Delete the following:
•  Labeling: Label to indicate whether it is hydrous or anhydrous. 

•  USP Reference Standards 11
USP Prednisone RS 

BRIEFING

Prilocaine, USP 36 page 4890. It is proposed to modernize the monograph with the following
changes:

1. Replace the nonspecific Assay by titration with a specific liquid chromatographic
procedure based on the Organic Impurities procedure validated by USP Laboratories.
The proposed liquid chromatographic procedure uses a Zorbax Eclipse XDB brand of
L1 column manufactured by Agilent Technologies in which prilocaine elutes at about
23 min.

2. Add Identification test B with the retention time matching for prilocaine in the Assay to
enhance the drug substance identification.

3. Revise the acceptance criteria in the Assay from 99.0%–101.0% to 98.0%–102.0%
based on the validation report.

4. Delete the non-value added test for Melting Range or Temperature 741 , as the
monograph contains a specific IR identification and also includes a selective
orthoganol HPLC identification.

5. Add USP Prilocaine Hydrochloride RS in the monograph, as it is for quantitative use in
the Assay.

6. Monograph format changes have been made to reflect current USP style.

(SM4: D. Min.)
Correspondence Number—C122490

Comment deadline: January 31, 2014
Prilocaine

USP38

USP38

USP38

USP38
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C13H20N2O       220.31 

Propanamide, N-(2-methylphenyl)-2-(propylamino)-;     
2-(Propylamino)-o-propionotoluidide;     
(RS)-N-(2-Methylphenyl)-2-(propylamino)propanamide     [721-50-6].

DEFINITION

Change to read:

Prilocaine contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of prilocaine (C13H20N2O), calculated on the anhydrous basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
Analysis:  Because of the low melting point of prilocaine, the mortar, pestle, and potassium

bromide must be at ambient temperature. Record the IR spectrum using the diffuse
reflectance technique.

Acceptance criteria:  Meets the requirements

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample solution:  Dissolve 400 mg of Prilocaine in 50 mL of glacial acetic acid.
Analysis:  Titrate with 0.1 N perchloric acid VS, determining the endpoint

potentiometrically. Perform a blank determination, and make any necessary correction

(see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to 22.03 mg of
prilocaine (C13H20N2O).
Buffer:  0.18 g/L of monobasic sodium phosphate and 2.89 g/L of dibasic sodium
phosphate dihydrate in water
Mobile phase:  Acetonitrile and Buffer (27:73)
System suitability solution:  2.5 µg/mL of USP Prilocaine RS and 3.0 µg/mL of USP

USP38

USP38
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Prilocaine Related Compound B RS in Mobile phase
Standard solution:  0.3 mg/mL of USP Prilocaine Hydrochloride RS in Mobile phase
Sample solution:  0.25 mg/mL of Prilocaine in Mobile phase

[Note—Sonication may be needed to aid dissolution for the Standard solution and the
Sample solution.]
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 3.0 between prilocaine and prilocaine related compound B, System
suitability solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 0.73, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of prilocaine (C13H20N2O) in the portion of Prilocaine taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of prilocaine from the Sample solution
rS = peak response of prilocaine from the Standard solution
CS= concentration of USP Prilocaine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Prilocaine in the Sample solution (mg/mL)
Mr1= molecular weight of prilocaine, 220.31
Mr2= molecular weight of prilocaine hydrochloride, 256.77

Acceptance criteria:  99.0%–101.0%
98.0%–102.0%

on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Limit of Prilocaine Related Compound A

Mobile phase and Chromatographic system:  Proceed as directed in Organic Impurities
the Assay.

Standard solution:  1.3 µg/mL of USP Prilocaine Related Compound A RS in Mobile phase
Sample solution:  10 mg/mL of Prilocaine in Mobile phase
System suitability 

USP38
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Sample:  Standard solution
Suitability requirements 

Signal-to-noise ratio:  NLT 10
Analysis 

Samples:  Standard solution and Sample solution
Acceptance criteria:   Any peak corresponding to prilocaine related compound A (o-

toluidine) in the Sample solution is NMT the response of the major peak in the Standard
solution (0.01%).

Change to read:
•  Organic Impurities

Buffer:  Dilute 1.3 mL of a 1 M monobasic sodium phosphate solution (1.38 g diluted with
water to 10 mL) and 32.5 mL of a 0.5 M anhydrous disodium hydrogen phosphate solution
(7.1 g diluted with water to 100 mL) with water to 1 L. The pH of this solution is 8.0.
Make adjustments as needed.

Mobile phase:  Acetonitrile and Buffer (27:73)
System suitability solution:  2.5 µg/mL of USP Prilocaine RS and 3.0 µg/mL of USP

Prilocaine Related Compound B RS in Mobile phase
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Buffer, Mobile phase, and System suitability solution:  Proceed as directed in the
Assay.

Sample solution:  2.5 mg/mL of Prilocaine in Mobile phase
Chromatographic system:  Proceed as directed in the Assay, except for the run time.

Run time:  At least 1.5 times the retention time of prilocaine
System suitability 

Sample:  System suitability solution
[Note—The relative retention times for prilocaine and prilocaine related compound B are

about 1.0 and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between prilocaine and prilocaine related compound B
Signal-to-noise ratio:  NLT 10 for prilocaine

Analysis 
Sample:  Sample solution

Check the stability of the baseline by injecting Mobile phase. 
Calculate the percentage of each impurity in the portion of Prilocaine taken:

Result = (rU/rT) × 100

rU= individual peak response for each impurity
rT= sum of all the peak responses

USP38
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Acceptance criteria 
Individual impurity:  NMT 0.2% of any individual impurity; NMT one impurity exceeds

0.1%.
Total impurities:  NMT 0.5%

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class Ia 741 : 36 –39 , without previous drying 

•  Water Determination, Method Ia 921
Sample:  1.00 g
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in well-closed containers, and store below 25 .

Change to read:

•  USP Reference Standards 11
USP Prilocaine RS 
USP Prilocaine Hydrochloride RS  

USP Prilocaine Related Compound A RS  
o-Toluidine hydrochloride.     
C7H9N·HCl      143.62

USP Prilocaine Related Compound B RS  
(RS)-N-(4-Methylphenyl)-2-(propylamino)propanamide.     
C13H20N2O      220.31

BRIEFING

Prilocaine Hydrochloride, page 6688 of the Second Supplement to USP 36. It is proposed to
modernize the monograph with the following changes:

1. Replace the non-specific Assay by titration with a validated liquid chromatographic
procedure based on the test for Organic Impurities. The proposed procedure uses
the Zorbax Eclipse XDB C18 brand L1 column manufactured by Agilent Technologies.
The typical retention time for prilocaine is about 23 min.

2. Add Identification test C with the retention time agreement for prilocaine in the
proposed Assay to further strengthen the drug substance identification.

3. Revise the Acceptance criteria in the Assay from NLT 99.0% and NMT 101.0% to NLT
98.0% and NMT 102.0% based on the validation report.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: D. Min.)
Correspondence Number—C122489
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Comment deadline: January 31, 2014
Prilocaine Hydrochloride

C13H20N2O·HCl       256.77 

Propanamide, N-(2-methylphenyl)-2-(propylamino)-, monohydrochloride;     
2-(Propylamino)-o-propionotoluidide monohydrochloride     [1786-81-8].

DEFINITION

Change to read:

Prilocaine Hydrochloride contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of prilocaine hydrochloride (C13H20N2O·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:
•  B.

Analysis:  Dissolve 300 mg in 5 mL of water, add 4 mL of 6 N ammonium hydroxide, and
extract with 50 mL of chloroform. Filter the extract, and evaporate the filtrate on a steam
bath with the aid of a current of air. Dissolve 100 mg of the prilocaine so obtained in 1 mL
of alcohol, add 10 drops of cobaltous chloride TS, and shake for 2 min.

Acceptance criteria:  A bright green color develops, and a precipitate is formed.

Change to read:
•  

B.

Identification Tests—General, Chloride 191
Analysis:  Dissolve 100 mg in 3 mL of water, render the solution alkaline with 6 N ammonium

hydroxide, and filter.
Acceptance criteria:  The filtrate meets the requirements.

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
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Change to read:
•  Procedure

Sample solution:  500 mg of Prilocaine Hydrochloride in 50 mL of glacial acetic acid and 10
mL of mercuric acetate TS

Analysis:  Titrate with 0.1 N perchloric acid VS to a blue-green endpoint, using 2 drops of

crystal violet TS as the indicator. Perform a blank determination (see Titrimetry 541 ).
Each mL of 0.1 N perchloric acid is equivalent to 25.68 mg of prilocaine hydrochloride
(C13H20N2O·HCl).

Acceptance criteria:  99.0%–101.0% on the dried basis
Buffer:  0.18 g/L of monobasic sodium phosphate and 2.89 g/L of dibasic sodium
phosphate dihydrate in water
Mobile phase:  Acetonitrile and Buffer (26:74)
System suitability solution:  3 µg/mL each of USP Prilocaine Hydrochloride RS and USP

Prilocaine Related Compound B RS in Mobile phase
Standard solution:  0.3 mg/mL of USP Prilocaine Hydrochloride RS in Mobile phase
Sample solution:  0.3 mg/mL of Prilocaine Hydrochloride in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between prilocaine and prilocaine related compound B, System
suitability solution

Tailing factor:  NMT 1.5, Standard solution
Relative standard deviation:  NMT 0.73, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of prilocaine hydrochloride (C13H20N2O·HCl) in the portion of
Prilocaine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of prilocaine from the Sample solution
rS= peak response of prilocaine from the Standard solution
CS= concentration of USP Prilocaine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Prilocaine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES
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•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method I 231 : 20 ppm

Change to read:
•  Organic Impurities

Buffer:  0.18 g/L of monobasic sodium phosphate and 2.89 g/L of dibasic sodium phosphate
dihydrate in water

Mobile phase:  Acetonitrile and Buffer (26:74)
System suitability solution:  3 µg/mL each of USP Prilocaine Hydrochloride RS and USP

Prilocaine Related Compound B RS in Mobile phase
Chromatographic system 

(See Chromatography 621 , System Suitability.)

Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  20 µL
Buffer, Mobile phase, System suitability solution, and Chromatographic system:  
Proceed as directed in the Assay.

Standard solution 1:  3 µg/mL of USP Prilocaine Hydrochloride RS in Mobile phase
Standard solution 2:  0.4 µg/mL of USP Prilocaine Related Compound A RS in Mobile phase
Sample solution:  3 mg/mL of Prilocaine Hydrochloride in Mobile phase
System suitability 

Samples:  System suitability solution and Standard solution 2
[Note— See Table 1 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 3.0 between prilocaine and prilocaine related compound B, System
suitability solution

Signal-to-noise ratio:  NLT 10 for prilocaine related compound A, Standard solution 2
Analysis 

Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of prilocaine related compound A in the portion of Prilocaine
Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of prilocaine related compound A from the Sample solution
rS= peak response of prilocaine related compound A from Standard solution 2
CS= concentration of USP Prilocaine Related Compound A RS in Standard solution 2 (mg/mL)
CU= concentration of Prilocaine Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of any individual unspecified impurity in the portion of Prilocaine
Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any unspecified impurity from the Sample solution
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rS= peak response of prilocaine from Standard solution 1
CS= concentration of USP Prilocaine Hydrochloride RS in Standard solution 1 (mg/mL)
CU= concentration of Prilocaine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1. The reporting level for impurities is 0.05%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Prilocaine related compound A 0.3 0.01
Prilocaine 1.0 —
Prilocaine related compound B 1.2 —
Any individual unspecified impurity — 0.10
Total impurities — 0.2

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 166 –169  

•  Loss on Drying 731

Analysis:  Dry a sample at 105  for 4 h.
Acceptance criteria:  NMT 0.3%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in well-closed containers.
Store at room temperature.

Change to read:

•  USP Reference Standards 11
USP Prilocaine Hydrochloride RS 
USP Prilocaine Related Compound A RS  

o-Toluidine hydrochloride. 
C7H9N·HCl      143.62

USP Prilocaine Related Compound B RS  
(RS)-N-(4-Methylphenyl)-2-(propylamino)propanamide. 
C13H20N2O      220.31

BRIEFING

Protamine Sulfate, USP 36 page 4957. As part of USP monograph modernization efforts, the
following changes are proposed for this monograph:

1. In the Definition, specify the family of fish, Salmonidae, from which protamine sulfate is
obtained.

2. In the Assay, replace the heparin neutralization procedure with an HPLC procedure. The
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new procedure is based on analyses performed with the Phenomenex Jupiter C18
brand of L1 column.

3. Add Identification tests A and B.
4. Move the text of the deleted heparin neutralization procedure from the Assay to

Identification, and add as Identification test C for Bioidentity.
5. In the Impurities section, add tests for Residual Solvents, Chromatographic Purity,

Elemental Impurities—Limits, Elemental Impurities—Procedures, Iron, and
Methylmercury.

6. Delete Other Components.
7. In Specific Tests, add the Bacterial Endotoxins Test and the test for pH, and revise the

test for Ultraviolet Absorbance.
8. In Additional Requirements, revise the Packaging and Storage and USP Reference

Standards sections.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(BIO1: A. Szajek.)
Correspondence Number—C88273

Comment deadline: January 31, 2014
Protamine Sulfate

DEFINITION

Change to read:

Protamine Sulfate is a purified mixture of simple protein principles
peptides

obtained from the sperm or testes of suitable species of fish
Salmonidae,

which has the property of neutralizing heparin. Each mg of Protamine Sulfate, calculated on the
dried basis, neutralizes NLT 100 USP Heparin Units. It contains NLT 90.0% and NMT 110.0% of
protamine sulfate, calculated on the dried basis.

IDENTIFICATION

Add the following:
•  A. The retention times of the four major peaks of the Sample solution correspond within

±5% to those of the Standard solution, as obtained in the Assay. 

Add the following:

•  B. Identification Tests—General, Sulfate 191 : Meets the requirements 

Add the following:
•  C. Bioidentity

Sample solution A:  0.15 mg/mL of Protamine Sulfate in water
Sample solution B:  Dilute 2.0 mL of Sample solution A with water to 3.0 mL.
Sample solution C:  Dilute 1.0 mL of Sample solution A with water to 3.0 mL.
Titrant:  USP Heparin Sodium for Assays RS in water (about 80–120 USP Heparin Units/mL)
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Analysis:  [Note—Titrate each Sample solution in duplicate.] Transfer a volume of each
Sample solution to the analytical cell of a suitable colorimeter, and set the apparatus for
measurement at a suitable wavelength (none is critical) in the visible range. Add Titrant in
small volumes until there is a sharp increase in the absorbance, and note the volume of
Titrant added. Perform the entire Analysis in triplicate for a total of 18 determinations. 
Calculate the number of USP Heparin Units in the volume of Titrant added at the endpoint
per mg of Protamine Sulfate. Calculate the USP Heparin Units neutralized per mg of
Protamine Sulfate taken:

Result = (VT × CT)/(VS × CU)

VT= volume of Titrant added (mL)
CT= concentration of Titrant (USP Heparin Units/mL)
VS= volume of each Sample solution (mL)
CU= concentration of Protamine Sulfate in each Sample solution (mg/mL)

Calculate the potency of the Protamine Sulfate as the average of the 18 values. Calculate
the 3 standard deviations for the results obtained with each Sample solution. Calculate
the 3 standard deviations for the results obtained with each of the 3 independent assays.
The test is valid if each of the 6 standard deviations is NMT 5% of the average result.

Acceptance criteria:  Each mg of Protamine Sulfate neutralizes NLT 100 USP Heparin Units
on the dried basis.

ASSAY

Change to read:
•  Procedure

Sample solution A:  0.15 mg/mL of Protamine Sulfate in water
Sample solution B:  Dilute 2.0 mL of Sample solution A with water to 3.0 mL.
Sample solution C:  Dilute 1.0 mL of Sample solution A with water to 3.0 mL.
Titrant:  USP Heparin Sodium for Assays RS in water (about 80–120 USP Heparin Units/mL)
Analysis:  [Note—Titrate each Sample solution in duplicate.] Transfer a volume of the

Sample solution to the analytical cell of a suitable colorimeter, and set the apparatus for
measurement at a suitable wavelength (none is critical) in the visible range. Add Titrant
in small volumes until there is a sharp increase in the absorbance, and note the volume of
Titrant added. Perform the entire Assay in triplicate for a total of 18 determinations.

Calculate the number of USP Heparin Units in the volume of Titrant added at the endpoint
per mg of Protamine Sulfate. Calculate the USP Heparin Units neutralized per mg of
Protamine Sulfate taken:

Result = (VT × CT)/(VS × CS)

VT= volume of Titrant added (mL)
CT= concentration of Titrant (USP Heparin Units/mL)
VS= volume of the Sample solution (mL)
CS= concentration of Protamine Sulfate (mg/mL)

Calculate the potency of the Protamine Sulfate as the average of the 18 values. Calculate
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the 3 standard deviations for the results obtained with each of the Sample solutions.
Calculate the 3 standard deviations for the results obtained with each of the 3
independent assays. The Assay is valid if each of the 6 standard deviations is NMT 5% of
the average result.

Acceptance criteria:  Each mg of Protamine Sulfate neutralizes NLT 100 USP Heparin Units
on the dried basis.
Solution A:  0.3 M sodium phosphate and pH 1.8. Pass through a membrane filter of 0.45-
µm pore size, and degas before use.
Solution B:  0.3 M sodium phosphate, pH 1.8, and 6.5 (v/v) acetonitrile
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
15 55 45
25 55 45
30 85 15

[Note—Initial gradient composition may be adjusted as appropriate to obtain sufficient
resolution. The end of the gradient can be increased to re-equilibrate the column for
the next injection.]

Standard solution:  0.5 mg/mL of USP Protamine Sulfate RS in 0.01 M hydrochloride
Sample solution:  0.5 mg/mL of Protamine Sulfate in 0.01 M hydrochloride
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  55
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Retention time:  The chromatogram of the Standard solution must show four major
peaks (in increasing elution order: protamine peptides 1, 2, 3, and 4), with
protamine peptide 4 eluting no later than 15 min. [Note—See the reference
chromatogram provided with the USP Protamine Sulfate RS certificate.]

Resolution:  NLT 2.0 between protamine peptides 1 and 2, calculated by the tangent
method

Relative standard deviation:  NMT 2.0% for the total integrated areas of at least six
replicate injections

Analysis 
Samples:  Standard solution and Sample solution

Separately inject equal volumes of the Standard solution (at least six injections) and
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the Sample solution into the chromatograph, record the chromatograms for
approximately 30 min, and measure the responses for all the peaks, using a full scale
comparable to the height of the largest peak. 
Calculate the percentage of protamine sulfate in the portion of Protamine Sulfate
taken:

Result = S[(rU/rS) × (CS/CU)] × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Protamine Sulfate RS in the Standard solution (mg/mL)
CU= concentration of Protamine Sulfate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–110.0% on the dried basis

IMPURITIES

Add the following:

•  Residual Solvents 467 : Meets the requirements 

Add the following:
•  Chromatographic Purity

Solution A, Solution B, Mobile phase, Standard solution, Sample solution,
Chromatographic system, and System suitability:  Proceed as directed in the Assay.

Analysis 
Sample:  Sample solution

Proceed as directed in the Assay. 
Calculate the percentage purity of Protamine Sulfate from the four protamine peptide
peaks:

Result = [(rU1 + rU2 + rU3 + rU4)/rT ] × 100

rU1= peak response of protamine peptide 1 from the Sample solution
rU2= peak response of protamine peptide 2 from the Sample solution
rU3= peak response of protamine peptide 3 from the Sample solution
rU4= peak response of protamine peptide 4 from the Sample solution
rT= sum of all the peak responses from the Sample solution

Acceptance criteria:  NLT 92%

Add the following:

•  Elemental Impurities—Limits 232  and Elemental Impurities—Procedures 233 :
20 ppm 

Add the following:

•  Iron 241 : NMT 10 ppm 

Add the following:
•  Methylmercury: NMT 10 ppm, using a validated analytical procedure 
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OTHER COMPONENTS

Delete the following:

•  Nitrogen Determination, Method II 461
Acceptance criteria: 22.5%–25.5% of N on the dried basis

SPECIFIC TESTS

Add the following:

•  Bacterial Endotoxins Test 85 : NMT 7.0 USP Endotoxin Units/mg 

Add the following:

•  pH 791 : 4–7 

•  Loss on Drying 731

Analysis:  Dry at 105  for 3 h.
Acceptance criteria:  NMT 5%

Change to read:
•  Ultraviolet Absorbance

Sample solution:  1.0% solution of Protamine Sulfate in water
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)

Mode:  UV
Wavelength range:  260–280 nm
Blank:  Water

Acceptance criteria:  The difference in absorbance of the Sample solution at 260–280 nm
against the Blank is NMT 0.1.

•  Sulfate
Sample:  150 mg
Analysis:  Dissolve the Sample in 75 mL of water, add 5 mL of 3 N hydrochloric acid, heat

to boiling, and while maintaining at the boiling point, slowly add 10 mL of barium chloride
TS. Cover the vessel, and allow the mixture to stand on a steam bath for 1 h. Filter, wash
the precipitate with several portions of hot water, dry, and ignite to constant weight. The
weight of the barium sulfate, multiplied by 0.4117, represents the weight of sulfate in the
portion of Protamine Sulfate taken.

Acceptance criteria:  16%–22% on the dried basis

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight
and tamper-proof

containers. in a refrigerator
Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
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USP Heparin Sodium for Assays RS 
USP Protamine Sulfate RS 

BRIEFING

Protamine Sulfate Injection, USP 36 page 4958. As part of USP monograph modernization
efforts, the following changes are proposed:

1. Introduce a new Identification test A.
2. In the Assay, delete the heparin neutralization procedure, and replace it with an HPLC

procedure. The liquid chromatographic procedure is based on analyses performed
with the Phenomenex Jupiter C18 brand of L1 column.

3. Add a test for Particulate Matter in Injections in Specific Tests.
4. Add USP Protamine Sulfate RS in the USP Reference Standards section.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(BIO1: A. Szajek.)
Correspondence Number—C130632

Comment deadline: January 31, 2014
Protamine Sulfate Injection

DEFINITION

Change to read:

Protamine Sulfate Injection is a sterile, isotonic solution of Protamine Sulfate.
Protamine Sulfate used in the manufacture of Protamine Sulfate Injection complies with the

compendial requirements stated in the Protamine Sulfate monograph.
Each mg of Protamine Sulfate, used in the manufacture of the Injection, neutralizes NLT 100
USP Heparin Units, calculated on the dried basis. It contains NLT 90.0% and NMT 120.0% of
the labeled amount of protamine sulfate.

IDENTIFICATION

Add the following:
•  A. The retention times of the four major peaks of the Sample solution correspond within

±5% to those of the Standard solution, as obtained in the Assay. 

Change to read:
•  

B. 

Identification Tests—General, Sulfate 191 : Meets the requirements

ASSAY

Change to read:
•  Procedure

Sample solution:  0.15 mg/mL of protamine sulfate in Water for Injection from a measured
volume of Injection
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Analysis:  [Note—Titrate the Sample solution in duplicate.] Transfer the same volume of
the Sample solution to the analytical cell as used in the Assay for the drug substance.
Proceed as directed in the Assay under Protamine Sulfate, using the same concentration
of Titrant and the same wavelength as used in the Assay for the drug substance. The
concentration of the Sample solution of the drug substance should also be 0.15 mg/mL.
Perform the entire Assay in triplicate, and calculate the average of the triplicate
determinations. The percentage of the label claim is given as follows:

Result = (v/V) × 100

v= volume of Titrant added to the Injection Sample solution (mL)
V= volume of Titrant added to the drug substance Sample solution (mL)

Acceptance criteria:  90.0%–120.0%
Solution A:  0.3 M sodium phosphate, pH 1.8. Pass the solution through a membrane filter
of 0.45-µm pore size, and degas before use.
Solution B:  Solution A and acetonitrile (93.5: 6.5)
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
15 55 45
25 55 45
30 85 15

[Note—Initial gradient composition may be adjusted as appropriate to obtain sufficient
resolution. The end of the gradient can be increased to re-equilibrate the column for
the next injection.]

Standard solution:  0.5 mg/mL of USP Protamine Sulfate RS in 0.01 M hydrochloric acid
Sample solution:  0.5 mg/mL of protamine sulfate in 0.01 M hydrochloric acid
Chromatographic system 

Mode:  LC
Detector:  UV 214 nm
Column:  4.6-mm × 25-cm; 5-µm packing L1

Column temperature:  55
Flow rate:  1 mL/min
Injection volume:  100 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Retention time:  The chromatogram of the Standard solution must show four major
peaks (in increasing elution order: protamine peptide 1, peptide 2, peptide 3, and
peptide 4), with the protamine peptide 4 eluting no later than 15 min. [Note—See
the standard chromatogram provided with USP Protamine Sulfate RS.]

Resolution:  The resolution between protamine peptide 1 and peptide 2 calculated by
the tangent method is NLT 2.0.

Relative standard deviation:  NMT 2.0% for the total integrated areas of the six
chromatograms of the Standard solution
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Analysis 
Samples:  Standard solution and Sample solution

Separately inject equal volumes (about 100 µL) of the Standard solution (at least six
injections) and the Sample solution into the chromatograph, record the chromatograms
for approximately 30 min, and measure the responses for all the peaks observed, using
a full-scale comparable to the height of the largest peak. 
Calculate the percentage of the labeled amount of protamine sulfate in the portion of
Injection taken:

Result = S[(rU/rS) × (CS/CU)] × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Protamine Sulfate RS in the Standard solution (mg/mL)

CU= nominal concentration of protamine sulfate in the Sample solution (mg/mL)

Acceptance criteria:  90.0%–120.0%

SPECIFIC TESTS

•  Bacterial Endotoxins Test 85 : It contains NMT 7.0 USP Endotoxin Units/mg of protamine
sulfate.

Add the following:

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections 

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.

Store at controlled room temperature.
•  Labeling: Label it to indicate the approximate neutralization capacity in USP Heparin Units.

Change to read:

•  USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium for Assays RS 
USP Protamine Sulfate RS 

BRIEFING

Protamine Sulfate for Injection, USP 36 page 4958. The Biologics and Biotechnology—
Monographs 1 Expert Committee recommended omission of this monograph, because the
drug product is no longer manufactured or approved for therapeutic use in the United
States.

(BIO1: A. Szajek.)
Correspondence Number—C130633

USP38

USP38

USP38

PF 39(6): Nov.-Dec. 2013 382



Comment deadline: January 31, 2014

Delete the following:
Protamine Sulfate for Injection

DEFINITION

Protamine Sulfate for Injection is a sterile mixture of Protamine Sulfate with one or more
suitable, dry diluents. Each mg of Protamine Sulfate, used in the manufacture of the Protamine
Sulfate for Injection, neutralizes NLT 100 USP Heparin Units, calculated on the dried basis. It
contains NLT 90.0% and NMT 120.0% of the labeled amount of protamine sulfate.

ASSAY
•  Procedure

Sample solution: 0.15 mg/mL of protamine sulfate in Water for Injection. Dissolve from the
contents of 1 container of Protamine Sulfate for Injection.

Analysis: [Note—Titrate the Sample solution in duplicate. ] Transfer the same volume of
the Sample solution to the analytical cell as used in the Assay for the drug substance.
Proceed as directed in the Assay under Protamine Sulfate, using the same concentration
of Titrant and the same wavelength as used in the Assay for the drug substance. The
concentration of the Sample solution of the drug substance should also be 0.15 mg/mL.
Perform the entire Assay in triplicate, and calculate the average of the triplicate
determinations. The percentage of the label claim is given as follows:

Result = (v/V) × 100

v= volume of Titrant added to the Protamine Sulfate for Injection Sample solution (mL)
V= volume of Titrant added to the drug substance Sample solution (mL)

Acceptance criteria: 90.0%–120.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

SPECIFIC TESTS

•  Injections, Constituted Solutions 1 : At the time of use, it meets the requirements.

•  Bacterial Endotoxins Test 85 : It contains NMT 7.0 USP Endotoxin Units/mg of protamine
sulfate.

•  Sterility Tests 71 : Both it and the accompanying solvent meet the requirements
•  pH and Clarity of Solution: Dissolve it in the solvent recommended in the labeling: the pH

of the solution is 6.5–7.5, and the solution is clear.
•  Other Requirements: Both it and the accompanying solvent meet the requirements for

Injections 1 , Labeling.

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described under Injections 1 , Containers for Sterile
Solids. Preserve the accompanying solvent in single-dose or in multiple-dose containers,
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preferably of Type I glass.
•  Labeling: Label it to indicate the approximate neutralization capacity in USP Heparin Units.

•  USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium RS for Assays

BRIEFING

Pyridostigmine Bromide Tablets, USP 36 page 4975. As part of the USP monograph
modernization efforts, the following changes are proposed:

1. Add the test for Organic Impurities based on the Related substances procedure from
the British Pharmacopoeia 2013 edition. The proposed liquid chromatographic
procedure uses the Hypersil BDS brand of L1 column manufactured by Thermo
Scientific Corporation. The typical retention time for pyridostigmine is about 32 min.
This procedure uses USP Pyridostigmine Related Compound A RS which has been

added to the USP Reference Standards 11  section.
2. Add storage requirements to the Packaging and Storage section.
3. Monograph format changes to reflect current USP style.

(SM4: D. Min, R. Ravichandran.)
Correspondence Number—C117817

Comment deadline: January 31, 2014
Pyridostigmine Bromide Tablets

DEFINITION

Pyridostigmine Bromide Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of
pyridostigmine bromide (C9H13BrN2O2).

IDENTIFICATION
•  A. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

•  B. Identification Tests—General, Bromide 191
Sample solution:  Shake a quantity of finely powdered Tablets, equivalent to 100 mg of

pyridostigmine bromide, with 20 mL of water for 5 min, and filter the mixture. Use the
filtrate.

Acceptance criteria:  Meets the requirements

ASSAY
•  Procedure

Diluent:  Mix 11.2 g of phosphoric acid with 500 mL of water, and adjust with a 50% sodium
hydroxide solution to a pH of 7.0. Dilute with water to 1000 mL.

Mobile phase:  Dissolve 1 g of sodium 1-heptanesulfonate in 500 mL water in a 1000-mL
volumetric flask, and add 5.0 mL of triethylamine and 100 mL of acetonitrile. Dilute with
water to volume, and mix. Adjust with phosphoric acid to a pH of 3.0.

Standard solution:  0.25 mg/mL of USP Pyridostigmine Bromide RS in Diluent

USP38
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Sample solution:  Nominally 0.25 mg/mL of pyridostigmine bromide prepared as follows.
Powder NLT 20 Tablets. Transfer an amount of powder equivalent to about 50 mg of
pyridostigmine bromide to a suitable volumetric flask. Add about 50% of the flask volume
of Diluent, and shake for 30 min. Dilute with Diluent to volume, mix, and centrifuge. Use
the supernatant.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4-mm × 30-cm; packing L1
Flow rate:  2 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 1.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of pyridostigmine bromide (C9H13BrN2O2)
in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
CU= nominal concentration of pyridostigmine bromide in the Sample solution (mg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

•  Dissolution 711
Medium:  Water; 900 mL
Apparatus 2:  50 rpm
Time:  60 min
Standard solution:  USP Pyridostigmine Bromide RS in Medium at a known concentration

approximately the same as that of the Sample solution
Sample solution:  Dilute with Medium, and filter to obtain a concentration that is similar to

that of the Standard solution.
Instrumental conditions 

Mode:  UV
Analytical wavelength:  270 nm

Analysis 
Samples:  Standard solution and Sample solution
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Calculate the percentage of the labeled amount of pyridostigmine bromide (C9H13BrN2O2)
dissolved:

Result = (AU/AS) × CS × V × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Pyridostigmine Bromide RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim of pyridostigmine bromide (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of pyridostigmine bromide (C9H13BrN2O2)
is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Add the following:
•  Organic Impurities

Solution A:  4.3 g/L of sodium dodecyl sulfate in water. Adjust with phosphoric acid to a pH
of 2.0.

Mobile phase:  Acetonitrile and Solution A (30:70)
System suitability solution:  5 µg/mL each of USP Pyridostigmine Bromide RS and USP

Pyridostigmine Related Compound A RS in Mobile phase
Sensitivity solution:  0.4 µg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Standard solution 1:  0.005 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Standard solution 2:  0.06 mg/mL of USP Pyridostigmine Bromide RS in Mobile phase
Sample solution:  Nominally 1 mg/mL of pyridostigmine bromide prepared as follows.

Transfer a portion of powdered tablets equivalent to 100 mg of pyridostigmine bromide to
a suitable volumetric flask with 100 mL of Mobile phase. Shake for 30 min, and pass a
portion of the solution through a glass fiber filter.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 220 nm
Column:  4.6 mm × 25 cm; 5-µm packing L1
Flow rate:  1.1 mL/min
Injection volume:  20 µL
Run time:  2 times the retention time of pyridostigmine. [Note—See Table 1 for the

relative retention times.]
System suitability 

Samples:  System suitability solution, Sensitivity solution, and Standard solution 1
System suitability requirements 

Resolution:  NLT 1.5 between pyridostigmine and pyridostigmine related compound A,
System suitability solution

Relative standard deviation:  NMT 5.0%, Standard solution 1
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
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Samples:  Standard solution 1, Standard solution 2, and Sample solution

Calculate the percentage of pyridostigmine related compound A and any individual
unspecified degradation product in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of pyridostigmine from Standard solution 1
CS= concentration of USP Pyridostigmine Bromide RS in Standard solution 1 (mg/mL)
CU= nominal concentration of pyridostigmine in the Sample solution (mg/mL)

Calculate the percentage of pyridostigmine related compound B in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of pyridostigmine related compound B from the Sample solution
rS= peak response of pyridostigmine from Standard solution 2
CS= concentration of USP Pyridostigmine Bromide RS in Standard solution 2 (mg/mL)
CU= nominal concentration of pyridostigmine in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1. Disregard any peak below 0.04%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Pyridostigmine related compound Ba 0.75 6
Pyridostigmine related compound A 0.92 0.4
Pyridostigmine 1.0 —
Any individual unspecified degradation product — 0.2
Total of unspecified degradation products — 0.4

a 3-Hydroxy-1-methylpyridin-1-ium bromide.

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight,
light-resistant

containers.
 Store at controlled room temperature.

Change to read:

•  USP Reference Standards 11
USP Pyridostigmine Bromide RS 
USP Pyridostigmine Related Compound A RS  

Pyridin-3-yl dimethylcarbamate. 

USP38

USP38

USP38
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C8H10N2O2      166.18

BRIEFING

Quetiapine Fumarate, PF 37(3) [May–June 2011]. The PF 37(3) proposal for this monograph,
which appeared as an In-Process Revision, is canceled and replaced with the following
revised proposal.

1. The liquid chromatographic (HPLC) procedure in the Assay is based on analyses
performed with the Zorbax RX C8 brand of L7 column manufactured by Agilent
Technologies in which quetiapine elutes at a retention time of 15 min.

2. A new gradient HPLC procedure for Organic Impurities is proposed. This procedure is
based on analyses performed with the XTerra RP8 brand of L7 column manufactured
by Waters Corporation. The typical retention time for quetiapine is about 25 min.

(SM4: R. Ravichandran.)
Correspondence Number—C46867; C125459; C131135

Comment deadline: January 31, 2014

Add the following:
Quetiapine Fumarate

(C21H25N3O2S)2·C4H4O4       883.09 

Ethanol, 2-[2-(4-dibenzo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]-, (E)-2-butenedioate
(2:1) (salt);     
2-[2-(4-Dibenzo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]ethanol fumarate (2:1) (salt)    
[111974-72-2.].

DEFINITION

Quetiapine Fumarate contains NLT 98.0% and NMT 102.0% of quetiapine fumarate
[(C21H25N3O2S)2·C4H4O4], calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

ASSAY

USP38
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•  Procedure
Buffer:  2.6 g/L of dibasic ammonium phosphate. Adjust with phosphoric acid to a pH of 6.5.
Mobile phase:  Methanol, acetonitrile, and Buffer (54:7:39)
System suitability solution:  1.0 mg/mL of USP Quetiapine System Suitability RS in Mobile

phase
Standard solution:  0.08 mg/mL of USP Quetiapine Fumarate RS in Mobile phase
Sample solution:  0.08 mg/mL of Quetiapine Fumarate in Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 230 nm
Column:  4.6-mm × 25-cm; 5-µm packing L7
Flow rate:  1.3 mL/min
Injection volume:  50 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The relative retention times for quetiapine desethoxy and quetiapine are about 0.9

and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 1.5 between the quetiapine desethoxy and quetiapine peaks, System
suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of quetiapine fumarate [(C21H25N3O2S)2·C4H4O4] in the portion
of Quetiapine Fumarate taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= concentration of Quetiapine Fumarate in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities

Buffer:  3.1 g/L of ammonium acetate in water. Add 2 mL of 25% ammonium hydroxide to
each 1 L of solution. The pH of the resulting solution is NLT 9.2.

Solution A:  Acetonitrile and Buffer (25:75)
Solution B:   Acetonitrile
Diluent:   Solution A and Solution B (86:14)
Mobile phase:  See Table 1.
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Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 100 0
25 100 0
60 29.3 70.7

60.1 100 0
68 100 0

Peak identification solution:  1 µg/mL of USP Quetiapine Fumarate RS, 10 µg/mL of USP
Quetiapine Fumarate Related Compound B RS, and 2 µg/mL of USP Quetiapine Fumarate
Related Compound G RS in Diluent

System suitability solution:  1 mg/mL of USP Quetiapine System Suitability RS in Diluent
Standard solution:  0.001 mg/mL of USP Quetiapine Fumarate RS in Diluent
Sample solution:  1.0 mg/mL of Quetiapine Fumarate in Solution A
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 250 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L7

Column temperature:  45
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Peak identification solution, System suitability solution, and Standard solution
[Note—See Table 2 for relative retention times. Quetiapine related compound B will be the

largest peak in the Peak identification solution chromatogram.]
Suitability requirements 

Resolution:  NLT 4.0 between the quetiapine desethoxy and quetiapine peaks, System
suitability solution; NLT 3.0 between quetiapine related compound B and quetiapine
related compound G, System suitability solution

Tailing factor:  NMT 2.0, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual impurity in the portion of Quetiapine Fumarate
taken:

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

rU= peak response of each impurity from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= concentration of Quetiapine Fumarate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)

Acceptance criteria:  See Table 2. Disregard peaks below 0.05% or with retention times
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less than 2 min.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Fumaric acida 0.08 — —

Quetiapine quaternary saltb,c 0.27 0.62 0.15

Quetiapine related compound G 0.55 1.2 0.15
Quetiapine related compound B 0.67 1.2 0.15
Quetiapine desethoxyd 0.83 1.0 0.15

Quetiapine 1.0 — —
Quetiapine tetraethylene glycol analogb,e 1.0 1.0 0.10

N-Ethyl quetiapineb, f 1.51 1.1 0.15

Bis(dienzopiperazinyl) piperazineb,g 2.22 1.0 0.10

Any other unknown individual impurity — — 0.10
Total impurities — — 0.50

a  Peak due to counter ion, included for peak identification purposes. Not to be included in
total impurities.

b  Process impurity specific to manufacturing process. 
c  4-(Dibenzo[b,f][1,4]thiazepin-11-yl)-1,1-bis[2-(2-hydroxyethoxy)ethyl]piperazin-1-ium. 
d  2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
e  2-[2-(2-{2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-

yl]ethoxy}ethoxy)ethoxy]ethanol.
f  11-(4-Ethylpiperazin-1-yl)dibenzo[b,f][1,4]thiazepine. 
g  1,4-Bis(dibenzo[b,f][1,4]thiazepin-11-yl)piperazine.

SPECIFIC TESTS

•  Loss on Drying 731

Analysis:  Dry at 105  to constant weight.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, protected from light.

•  USP Reference Standards 11
USP Quetiapine Fumarate RS 
USP Quetiapine Related Compound B RS  

11-(Piperazin-1-yl)dibenzo[b,f][1,4]thiazepine.     
C17H17N3S      295.40

USP Quetiapine Related Compound G RS  
Dibenzo[b,f][1,4]thiazepin-11(10H)-one.     
C13H9NOS      227.28

USP Quetiapine System Suitability RS  
It contains quetiapine fumarate and NLT 0.1% of each of the following impurities:
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Quetiapine related compound B: 11-(Piperazin-1-yl)dibenzo[b,f][1,4]thiazepine;
Quetiapine related compound G: Dibenzo[b,f][1,4]thiazepin-11(10H)-one; and
Quetiapine desethoxy: 2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.

BRIEFING

Quetiapine Tablets, PF 38(5) [Sept.–Oct. 2012]. The PF 38(5) proposal for this monograph,
which appeared as an In-Process Revision, is canceled and replaced with the following
revised proposal.

1. The HPLC procedure in the Assay is based on analyses performed with the X-Terra RP-
18 brand of L1 column manufactured by the Waters Corporation. The typical
retention time for quetiapine is about 7 min.

2. The HPLC procedure in Dissolution Test 1 is based on analyses performed with the
Hypersil BDS C18 brand of L1 column manufactured by Thermo Scientific. The typical
retention time for quetiapine is about 5.5 min.

3. Dissolution Test 2 is added to reflect a product approved by the FDA.
4. The HPLC procedure in the test for Organic Impurities is based on analyses performed

with the Inertsil C8-3 brand of L7 column manufactured by GL Sciences. The typical
retention time for quetiapine is about 25 min.

5. The Labeling section is added to reflect the inclusion of multiple tests for Dissolution.

(SM4: R. Ravichandran.)
Correspondence Number—C117460; C120281; C123789; C127102; C132619

Comment deadline: January 31, 2014

Add the following:
Quetiapine Tablets

DEFINITION

Quetiapine Tablets contain an amount of Quetiapine equivalent to NLT 90.0% and NMT 110.0%
of the labeled amount of quetiapine (C21H25N3O2S).

IDENTIFICATION

•  A. Infrared Absorption 197F
Standard solution:   Dissolve 10 mg of quetiapine fumarate in 10 mL of acetone. Sonicate

for 10 min. Filter and evaporate the solvent. Dissolve the residue in 2 mL of chloroform.
Filter and use 20 µL of the filtrate for analysis.

Sample solution:   Finely powder 10 Tablets. Dissolve an amount of the powder equivalent
to 10 mg of quetiapine fumarate in 10 mL of acetone, avoiding large pieces of Tablet
coating, if any. Sonicate for 10 min. Filter and evaporate the solvent. Dissolve the residue
in 2 mL of chloroform. Filter and use 20 µL of the filtrate for analysis.

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure

USP38
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Buffer:  1.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add 1
mL of triethylamine, and adjust with dilute phosphoric acid to a pH of 6.5 (1 in 10, v/v).

Mobile phase:  Acetonitrile and Buffer (35:65)
Standard solution:  0.1 mg/mL of USP Quetiapine Fumarate RS in Mobile phase
Sample stock solution:  Nominally 2.0 mg/mL of quetiapine prepared as follows. Transfer

NLT 5 Tablets to a suitable volumetric flask. Add water to fill 5% of the final volume, and
sonicate to disperse the Tablets. Add Mobile phase to fill 60% of the final volume, and
sonicate for 30 min with intermittent shaking. Dilute with Mobile phase to volume.
Centrifuge for 5 min. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size.

Sample solution:  Nominally 0.1 mg/mL of quetiapine prepared by diluting an aliquot of the
Sample stock solution with Mobile phase

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  1.5 mL/min
Injection volume:  20 µL
Run time:  2 times the retention time of quetiapine

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of quetiapine [(C21H25N3O2S)2] in the
portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × N × (Mr1/Mr2) × 100

rU= peak response of quetiapine from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= nominal concentration of quetiapine in the Sample solution (mg/mL)
N = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1= molecular weight of quetiapine free base, 383.51
Mr2= molecular weight of quetiapine fumarate, 883.09

Acceptance criteria:  90.0%–110.0%

PERFORMANCE TESTS

•  Dissolution 711
Test 1 

Medium:  Water; 900 mL, deaerated
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Apparatus 2:  50 rpm
Time:  30 min
Buffer:  1.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add 1

mL of triethylamine, and adjust with dilute phosphoric acid to a pH of 6.0 (1 in 10).
Mobile phase:  Acetonitrile and Buffer (35:65)
Standard stock solution:  3.3 mg/mL of USP Quetiapine Fumarate RS prepared as follows.

Dissolve the Standard first in methanol using 10% of the final volume, and dilute with
Medium to volume.

Standard solution:  0.03 mg/mL of USP Quetiapine Fumarate RS in Medium from the
Standard stock solution

Sample solution:  Pass a portion of the solution through a suitable filter of 0.45-µm pore
size. Dilute with Medium to a concentration similar to that of the Standard solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Flow rate:  2 mL/min
Injection volume:  50 µL
Run time:  1.5 times the retention time of quetiapine

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of quetiapine (C21H25N3O2S) dissolved:

Result = (rU/rS) × CS × V × N × (Mr1/Mr2) × (1/L) 100

rU= peak response of quetiapine from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
N = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1= molecular weight of quetiapine free base, 383.51
Mr2= molecular weight of quetiapine fumarate, 883.09
L = label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of quetiapine (C21H25N3O2S) is
dissolved.

Test 2  
If the product complies with this procedure, the labeling indicates that it meets USP
Dissolution Test 2.
Medium:  1 g/L of sodium chloride in water; 900 mL, deaerated
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Apparatus 2:  50 rpm
Time:  20 min
Standard stock solution:  1.3 mg/mL of USP Quetiapine Fumarate RS prepared as follows.

Transfer a suitable quantity of USP Quetiapine Fumarate RS to a suitable volumetric
flask. Dissolve in about 25% of the flask volume of methanol. Dilute with Medium to
volume.

Standard solution:  (L/900) mg/mL of USP Quetiapine Fumare RS from a suitable volume
of Standard stock solution in Medium, where L is the label claim in mg/Tablet.

Sample solution:  Pass a portion of solution under test through a suitable filter.
Blank:  Medium
Instrumental conditions 

Mode:  UV
Analytical wavelength:  290 nm with background correction at 490 nm
Cell:  See Table 1.

Table 1

Label claim, L 
(mg/Tablet)

Cell
(cm)

25 1.0
50 1.0
100 0.5
150 0.2
200 0.2
300 0.1
400 0.1

Analysis 
Samples:  Medium, Standard solution, and Sample solution

Calculate the percentage of the labeled amount of quetiapine (C21H25N3O2S) dissolved:

Result = (AU/AS) × CS × V × N × ( Mr1/Mr2) × (1/L) × 100

AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
V = volume of Medium, 900 mL
N = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1= molecular weight of quetiapine free base, 383.51
Mr2= molecular weight of quetiapine fumarate, 883.09
L = label claim (mg/Tablet)

Tolerances:  NLT 80% (Q) of the labeled amount of quetiapine (C21H25N3O2S) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES
•  Organic Impurities

Buffer:  Dissolve 0.8 g of anhydrous dibasic sodium phosphate and 0.6 g of potassium
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dihydrogen orthophosphate in 1 L of water.
Solution A:  Acetonitrile and Buffer (10:90). Adjust with dilute phosphoric acid (1 in 10,

v/v) to a pH of 6.7.
Solution B:  Acetonitrile
Diluent:  Acetonitrile and Solution A (65:35)
Mobile phase:  See Table 2.

Table 2

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
20 75 25
30 65 35
35 35 65
55 25 75
56 80 20
65 80 20

System suitability solution:  0.5 mg/mL of USP Quetiapine System Suitability RS in Diluent
prepared as follows. Transfer the required quantity of USP Quetiapine System Suitability
RS to a suitable volumetric flask. Add 70% of the flask volume and sonicate to dissolve.
Dilute with Diluent to volume.

Standard solution:  1.2 µg/mL of USP Quetiapine Fumarate RS in Diluent. Sonication may
be used to aid in dissolution.

Sample solution:  Nominally 0.5 mg/mL of quetiapine in Diluent from a portion of weighed
and crushed Tablets (NLT 10). Sonicate for 10 min with intermittent shaking.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L7

Column temperature:  45
Flow rate:  1.5 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 2.0 between quetiapine desthoxy and quetiapine peaks, System
suitability solution

Tailing factor:  NMT 1.5 for the quetiapine peak, System suitability solution
Relative standard deviation:  NMT 5.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of any individual degradation product in the portion of Tablets
taken:

Result = (rU/rS) × (CS/CU) × N × (Mr1/Mr2) × 100
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rU= peak response of each individual impurity from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= nominal concentration of quetiapine in the Sample solution (mg/mL)
N = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1= molecular weight of quetiapine free base, 383.51
Mr2= molecular weight of quetiapine fumarate, 883.09

Acceptance criteria:  See Table 3. Disregard any peak with an area below 0.05% in the
Sample solution.

Table 3

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Quetiapine N-oxidea 0.28 0.2
Quetiapine related compound B 0.39 0.2
Quetiapine related compound G 0.69 0.2

Quetiapine desethoxyb,c 0.88 —

Quetiapine 1.0 —

Bis(dibenzothiazepinyl) piperazineb,d 2.0 —

Any individual unspecified degradation product — 0.2
Total impurities — 0.5

a  4-(Dibenzo[b,f][1,4]thiazepin-11-yl)-1-[2-(2-hydroxyethoxy)ethyl]piperazine 1-oxide.
b  Process impurities controlled in the drug substance. Included for identification purposes

only. Not reported for the drug product and not included in the total impurities.
c  2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
d  1,4-Bis(dibenzo[b,f][1,4]thiazepin-11-yl)piperazine.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers, and store at controlled room

temperature.
•  Labeling: When more than one Dissolution test is given, the labeling states the Dissolution

test used only if Test 1 is not used.

•  USP Reference Standards 11
USP Quetiapine Fumarate RS 
USP Quetiapine System Suitability RS  

It contains quetiapine fumarate and at least 0.1% of each of the following impurities:
Quetiapine related compound B: 11-(Piperazin-1-yl)dibenzo[b,f][1,4]thiazepine;
Quetiapine related compound G: Dibenzo[b,f][1,4]thiazepin-11(10H)-one; and
Quetiapine desethoxy: 2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.

BRIEFING

Repaglinide, USP 36 page 5018. As part of the USP monograph modernization effort, the
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following revisions are being proposed:

1. A test for Enantiomeric Purity, based on an HPLC method adopted from the European
Pharmacopoeia, is added to determine the enantiomer content. This procedure is
based on analyses performed with the Chiralpak AGP brand of L41 column. The
typical retention time for repaglinide is about 3.3 min.

2. To strengthen the Identification section, the UV test is replaced with the retention time
agreement in the test for Enantiomeric Purity.

3. The test for Specific Rotation is deleted because the chiral purity is now being
controlled by the HPLC Enantiomeric Purity test.

4. The Packaging and Storage section is revised to specify that the material should be
stored protected from light.

In addition, the following changes are proposed in the Assay:

1. The upper limit of the Acceptance criteria in the Assay is widened to 102.0%, which is
typical for chromatographic procedures.

2. The Relative standard deviation is changed to NMT 0.73% to be consistent with the

repeatability requirements in Chromatography 621 , System Suitability.
3. The System suitability solution is deleted because there is no acceptance criteria

associated with this solution.

The Organic Impurities section is updated as follows:

1. Relative response factors in Table 2 and the calculation formula are updated to be
consistent with USP style by moving the relative response factors from the
numerator into the denominator. The new F values are recalculated from the updated
values provided by the monograph sponsor.

2. Two specified impurities are added to Table 2, along with their chemical names and
relative response factors. All impurities in Table 2 are now listed in order of their
elution.

3. A line is added to Table 2 to include the limit of any other individual impurity. This
requirement has been inadvertently omitted from the current version of the
monograph.

4. A clarification statement regarding system re-equilibration is added to the Mobile phase
description.

5. In addition, comments were received that the Injection volume of 3 µL may be too low
for some of the current HPLC instruments. To address this comment, the Injection
volume is increased to 5 µL and the solution concentrations are adjusted
accordingly. The total injected amount remains unchanged.

6. The System suitability solution is renamed Identification solution, because there is no
acceptance criteria associated with this solution. System suitability and Analysis
subsections are revised to reflect this change.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: E. Gonikberg.)
Correspondence Number—C116572
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Comment deadline: January 31, 2014
Repaglinide

C27H36N2O4       452.59 

(S)-2-Ethoxy-4-[2-{methyl-1-[2-(1-piperidinyl)phenyl]butylamino}-2-oxoethyl]-benzoic
acid;     
(+)-2-Ethoxy- -[[(S)- -isobutyl-o-piperidinobenzyl]carbamoyl]-p-toluic acid     [135062-02-
1].

DEFINITION

Change to read:

Repaglinide contains NLT 98.0% and NMT 101.0%
102.0%

of repaglinide (C27H36N2O4), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Sample solution: 25 µg/mL in methanol

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

System suitability solution, as obtained in the test for Enantiomeric Purity. 

ASSAY

Change to read:
•  Procedure

Buffer:  1 g/L of monobasic potassium phosphate solution, adjusted with phosphoric acid to
a pH of 2.5

Mobile phase:  Methanol and Buffer (8:2)
System suitability solution:  500 µg/mL of USP Repaglinide RS and 40 µg/mL of USP

Repaglinide Related Compound B RS in methanol

Standard solution:  0.5 mg/mL of USP Repaglinide RS in methanol
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Sample solution:  0.5 mg/mL of Repaglinide in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 12.5-cm; 5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution and

Standard solution
[Note—The relative retention times for repaglinide related compound B and repaglinide are

0.4 and 1.0, respectively, System suitability solution.]

Suitability requirements 
Relative standard deviation:  NMT 2.0% of repaglinide,
0.73%, 

Standard solution
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of repaglinide (C27H36N2O4) in the portion of Repaglinide taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  98.0%–101.0%
102.0%

on the dried basis

IMPURITIES

•  Residue on Ignition 281

Ignition temperature:  600  ± 25
Acceptance criteria:  NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 10 ppm

Change to read:
•  Organic Impurities

Solution A:  3 mg/mL of monobasic potassium phosphate solution, adjusted with 1 N sodium
hydroxide to a pH of 7.0

Solution B:  Methanol
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System suitability
Identification

solution:  10
6

mg/mL of USP Repaglinide RS, 100
60

µg/mL of USP Repaglinide Related Compound A RS, 100
60

µg/mL of USP Repaglinide Related Compound B RS, and 100
60

µg/mL of USP Repaglinide Related Compound C RS in methanol
Sample solution:  10
6

mg/mL of Repaglinide in methanol
Standard solution:  0.1
0.06

mg/mL of repaglinide in methanol, from the Sample solution
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 50 50
2 30 70
8 30 70
12 5 95
15 5 95

Return to original conditions and re-equilibrate the system.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.6-mm × 12.5-cm; 5-µm packing L1

Column temperature:  45
Flow rate:  1 mL/min
Injection volume:  3
5

µL
System suitability 

Sample:  System suitability solution and

Standard solution
[Note—The relative retention times for repaglinide related compound B, repaglinide related

compound C, repaglinide, and repaglinide related compound A are 0.3, 0.9, 1.0, and 1.6,
respectively.

USP38

USP38

USP38

USP38

USP38

USP38

USP38

USP38

USP38

USP38

USP38

PF 39(6): Nov.-Dec. 2013 401



]>
Suitability requirements 

Relative standard deviation:  NMT 10% of repaglinide, Standard solution
Analysis 

Samples:  
Identification solution, 

Sample solution, and Standard solution

Chromatograph the Identification solution, and identify the components on the basis of their
relative retention times, given in Table 2.

Calculate the percentage of each impurity in the portion of Repaglinide taken:

Result = (rU/rS) × (CS/CU) × F × 100

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

rU = peak response of each impurity from the Sample solution
rS = peak response of repaglinide from the Standard solution
CS = concentration of repaglinide in the Standard solution (mg/mL)
CU = concentration of Repaglinide in the Sample solution (mg/mL)
F = relative response factor (see Table 2)

Acceptance criteria:  See Table 2.

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

Repaglinide related compound A 1.6 2 0.1
Repaglinide related compound B 0.3 1 0.1
Repaglinide related compound C 0.9 1 0.1
Repaglinide 1.0 — —
Total impurities — — 0.5

Table 2

Name

Relative
Retention

Time

Relative
Response

Factor

Acceptance
Criteria,
NMT (%)

4-(Carboxymethyl)-2-ethoxybenzoic acid 0.15 1.4 0.1
Repaglinide related compound B 0.31 1.7 0.1
Repaglinide related compound C 0.96 1.0 0.1
Repaglinide 1.0 — —
Repaglinide related compound A 1.6 0.5 0.1
Repaglinide ethyl estera 1.9 1.3 0.1
Any other individual impurity — 1.0 0.1
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Total impurities — — 0.5

a  (S)-Ethyl 2-ethoxy-4-[2-({3-methyl-1-[2-(piperidin-1-yl)phenyl]butyl}amino)-2-
oxoethyl]benzoate.

Add the following:
•  Enantiomeric Purity

[Note—Protect all solutions containing repaglinide from light.]
Buffer:  Dissolve 1 g of monobasic potassium phosphate in 1 L of water, and adjust with 2 N

sodium hydroxide to a pH of 4.7.
Solution A:  Buffer
Solution B:  Acetonitrile
Mobile phase:  See Table 3. [Note—Equilibrate after installation of the column as follows.

Using water, slowly increase the flow rate from 0.2 mL/min to 0.5 mL/min. Maintain the
flow rate at 0.5 mL/min for 5 min. The column must be washed with water for 1 h at a
flow rate of 1 mL/min, and for 1 h with Mobile phase at the initial composition prior to the
first analysis.]

Table 3

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
4 60 40
6 60 40

Return to the original conditions and re-equilibrate the system.
System suitability solution:  1.0 mg/mL of USP Repaglinide RS and 0.02 mg/mL of USP

Repaglinide Related Compound E RS in methanol
Standard solution:  2.0 µg/mL of USP Repaglinide Related Compound E RS in methanol
Sample solution:  1.0 mg/mL of Repaglinide in methanol
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 240 nm
Column:  4.0-mm × 10-cm; 5-µm packing L41
Flow rate:  1.0 mL/min
Injection volume:  10 µL

System suitability 
Samples:  System suitability solution and Standard solution
[Note—The typical relative retention times for repaglinide and repaglinide related

compound E are 1.0 and 1.5, respectively.]
Suitability requirements 

Resolution:   NLT 1.5 between repaglinide and repaglinide related compound E, System
suitability solution

Relative standard deviation:   NMT 2.0%, Standard solution
Analysis 

Samples:  Standard solution and Sample solution
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Calculate the percentage of repaglinide related compound E in the portion of Repaglinide
taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of repaglinide related compound E in the Sample solution
rS= peak response of repaglinide related compound E in the Standard solution
CS= concentration of USP Repaglinide Related Compound E RS in the Standard solution

(mg/mL)
CU= concentration of Repaglinide in the Sample solution (mg/mL)

Acceptance criteria:   NMT 0.2%

SPECIFIC TESTS

Delete the following:

•  Optical Rotation, Specific Rotation 781S : +6.3  to +7.3 , at 20
Sample solution: 50 mg/mL, in methanol

•  Loss on Drying 731

Analysis:  Dry at 105  to constant weight.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS

Change to read:
•  Packaging and Storage: Preserve in tight containers.
 Protect from light.

Change to read:

•  USP Reference Standards 11
USP Repaglinide RS 
USP Repaglinide Related Compound A RS  

(S)-3-Methyl-1-[2-(1-piperidinyl)phenyl]butylamine, N-acetyl-l-glutamate salt.     
C16H26N2·C7H11NO5      435.6

USP Repaglinide Related Compound B RS  
3-Ethoxy-4-ethoxycarbonylphenylacetic acid.     
C13H16O5      252.27

USP Repaglinide Related Compound C RS  
(S)-2-Ethoxy-4-[2-[[2-phenyl-1-[2-(1-piperidinyl)phenyl]ethyl]amino]-2-
oxoethyl]benzoic acid.     
C30H34N2O4      486.61

USP Repaglinide Related Compound E RS  
2-Ethoxy-4-[2-[[(1R)-3-methyl-1-[2-(piperidin-1-yl)phenyl]butyl]amino]-2-
oxoethyl]benzoic acid. 
C27H36N2O4      452.59

BRIEFING

Repaglinide Tablets, USP 36 page 5019. On the basis of comments received, it is proposed to
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make the following changes in the monograph:

1. Separate Identification test B into two separate tests, one based on the retention time
agreement (proposed Identification test B) and the other based on the UV spectra
agreement (proposed Identification test C).

2. Revise the Assay and the test for Organic Impurities as follows:
a. Include an option of using a centrifuge in the preparation of the Sample solution,

to provide flexibility for the users.
b. In System suitability, add a note to provide typical relative retention times for

the components of the System suitability solution.
c. Delete the unnecessary restrictive system suitability requirement for capacity

factors.
d. Clarify that the requirement for the tailing factor applies to the repaglinide peak

only.
3. Further revise the test for Organic Impurities as follows:

a. To align the concentration of the standard solution with the impurity limits, use
Standard solution 3 instead of Standard solution 2 for quantitation of
impurities.

b. Revise the calculation formula to include concentrations of Standard solution 3
and the Sample solution.

c. Remove the requirement to use diode array detector for this procedure.
4. In the test for Dissolution, revise the preparation of the Standard solution to

accommodate different dosage strengths, and add a calculation formula.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: E. Gonikberg.)
Correspondence Number—C112696

Comment deadline: January 31, 2014
Repaglinide Tablets

DEFINITION

Repaglinide Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of repaglinide
(C27H36N2O4).

IDENTIFICATION

•  A. Thin-Layer Chromatographic Identification Test 201
Sample solution:  To a quantity of powdered Tablets, equivalent to 10 mg of repaglinide,

add 10 mL of a mixture of methanol and methylene chloride (1:1), shake for 15 min, and
centrifuge.

Developing solvent system:  Toluene, methylene chloride, and methanol (2:2:1)
Acceptance criteria:  Meet the requirements

Change to read:
•  B. The retention time and UV spectrum
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of the major peak of the Sample solution corresponds to those
that

of the Standard solution, as obtained in the Assay.

Add the following:
•  C. The UV spectrum of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Buffer pH 4.0:  2 g/L of monobasic ammonium phosphate solution. Adjust with phosphoric
acid to a pH of 4.0.

Buffer pH 2.5:  2 g/L of monobasic ammonium phosphate solution. Adjust with phosphoric
acid to a pH of 2.5.

Mobile phase:  Methanol and Buffer pH 2.5 (7:3)
Diluent:  Methanol and Buffer pH 4.0 (7:3)
Standard solution 1:  800 µg/mL of USP Repaglinide RS in methanol
Standard solution 2:  80 µg/mL of USP Repaglinide RS, prepared by diluting 5.0 mL of

Standard solution 1 with Diluent to 50.0 mL
System suitability stock solution:  80 µg/mL of USP Repaglinide Related Compound A RS in

methanol
System suitability solution:  
80 µg/mL of USP Repaglinide RS and 1.6 µg/mL of USP Repaglinide Related Compound A RS
prepared as follows.

Transfer 1.0 mL of System suitability stock solution to a 50-mL volumetric flask, add 5.0 mL
of Standard solution 1, and dilute with Diluent to volume.

Sample solution:  Transfer 8 whole Tablets to a suitable volumetric flask, and dissolve in
and dilute with Diluent to volume to obtain a solution containing 80 µg/mL. Stir for 20 min,
and filter
or centrifuge

a portion of the solution.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:   245-nm diode-array
Column:  4.0-mm × 6-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  Standard solution 2 and System suitability solution
[

Note—The typical relative retention times for repaglinide related compound A and
repaglinide are about 0.37 and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 7.0 between repaglinide related compound A and repaglinide, System
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suitability solution
Capacity factors, k¢¢ :  For repaglinide and repaglinide related compound A, about 4.9 and 1.2,

respectively, System suitability solution

Tailing factor:  0.8–2.0
for the repaglinide peak,

System suitability solution
Relative standard deviation:  NMT 2.0% for replicate injections, Standard solution 2

Analysis 
Samples:  Standard solution 2 and Sample solution

Calculate the percentage of
the labeled amount of repaglinide

(C27H36N2O4) in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from Standard solution 2
CS= concentration of USP Repaglinide RS in Standard solution 2 (µg/mL)
CU= nominal concentration of repaglinide in the Sample solution (µg/mL)

Acceptance criteria:  95.0%–105.0%

PERFORMANCE TESTS

Change to read:

•  Dissolution 711
Medium:  pH 5.0 buffer, prepared by mixing 10.2 g of citric acid monohydrate and 18.16 g

of dibasic sodium phosphate dihydrate with 1 L of water; 900 mL
Apparatus 2:  75 rpm
Time:  30 min
Buffer:   1.5 g/L of monobasic potassium phosphate in water, adjusted with phosphoric acid

to a pH of 2.3
Mobile phase:  Acetonitrile, Buffer, and methanol (49:40:11)
Standard stock solution:  11
44

µg/mL of USP Repaglinide RS in methanol
Sample solution:  Pass a portion of the solution under test through a suitable filter.
Standard solution:  Transfer 5.0 mL of the Standard stock solution to a 100-mL volumetric

flask, add 25 mL of methanol, and dilute with Medium to volume.
Further dilute with Medium, if needed, to a concentration that is similar to that of the
Sample solution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Fluorometric detector; excitation wavelength of 244 nm and emission

wavelength of 348 nm
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Column:  4.0-mm × 12.5-cm; 10-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  Between 0.5 and 2.0
Relative standard deviation:  NMT 2.0%

Analysis 
Samples:  Sample solution and Standard solution

Calculate the quantity of C27H36N2O4 dissolved by comparing the measured peak responses
from the Standard solution and the Sample solution.

Calculate the percentage of the labeled amount of repaglinide (C27H36N2O4) dissolved:

Result = (rU/rS) × (CS/L) × V × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Repaglinide RS in the Standard solution (mg/mL)
L= label claim of repaglinide (mg/Tablet)
V= volume of Medium, 900 mL

Tolerances:  NLT 70% (Q) of the labeled amount of repaglinide (C27H36N2O4) is dissolved.

•  Uniformity of Dosage Units 905 : Meet the requirements

IMPURITIES

Change to read:
•  Organic Impurities

Buffer pH 4.0, Buffer pH 2.5, Mobile phase, Diluent, Standard solution 1, Standard
solution 2, System suitability stock solution, System suitability solution, and
Sample solution:  Prepare as directed in the Assay.

Standard solution 3:  0.2 µg/mL of USP Repaglinide RS, prepared by diluting 2.5 mL of
Standard solution 2 with Diluent to 1000 mL

Chromatographic system 
Mode:  LC
Detector:   UV 210-nm diode array

Column:  4.0-mm × 6-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
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Samples:  System suitability solution and Standard solution 3
[

Note—The typical relative retention times for repaglinide related compound A and
repaglinide are about 0.37 and 1.0, respectively.]

Suitability requirements 
Resolution:  NLT 7.0 between repaglinide related compound A and repaglinide, System

suitability solution
Capacity factors, k¢¢ :  For repaglinide and repaglinide related compound A, about 4.9 and 1.2,

respectively, System suitability solution

Tailing factor:  0.8–2.0
for the repaglinide peak,

System suitability solution
Relative standard deviation:  NMT 10% for replicate injections, Standard solution 3

Analysis 
Samples:  Standard solution 2 and Sample solution

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of repaglinide from the Standard solution 2

 
Samples:  Sample solution and Standard solution 3

Calculate the percentage of each impurity in the portion of Tablets taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity from the Sample solution
rS= peak response of repaglinide from Standard solution 3
CS= concentration of USP Repaglinide RS in Standard solution 3 (µg/mL)
CU= nominal concentration of repaglinide in the Sample solution (µg/mL)

Acceptance criteria:  NMT 0.5% of total impurities

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight containers.

•  USP Reference Standards 11
USP Repaglinide RS 
USP Repaglinide Related Compound A RS  

(S)-3-Methyl-1-[2-(1-piperidinyl)phenyl]butylamine, N-acetyl-l-glutamate salt.     
C16H26N2·C7H11NO5      435.6

BRIEFING
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Salicylic Acid, USP 36 page 5098. As part of the USP monograph modernization effort, the
following revisions are proposed:

1. Replace wet chemistry Identification test A with Infrared Absorption.
2. Add an orthogonal Identification test B using the HPLC retention time agreement

proposed in the Assay.
3. Replace the titration procedure in the Assay with a stability indicating HPLC procedure,

which uses a similar chromatographic system as in the test for Organic Impurities.
The new liquid chromatographic procedure is based on analysis performed with the
Phenomenex Luna brand of L1 column. The typical retention time for salicylic acid is
about 8 min.

4. Widen the acceptance criteria from 99.5%–101.0% to 98.0%–102.0% in the Definition
and Assay, which is typical for a chromatographic assay procedure.

5. Add a system suitability requirement in the test for Organic Impurities.
6. Delete the test for Melting Range or Temperature because the monograph contains

sufficient tests to ensure the quality of the drug.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: R.-H. Yeh.)
Correspondence Number—C123398

Comment deadline: January 31, 2014
Salicylic Acid

C7H6O3       138.12 

Benzoic acid, 2-hydroxy-;     
Salicylic acid     [69-72-7].

DEFINITION

Change to read:

Salicylic Acid contains NLT 99.5%
98.0%

and NMT 101.0%
102.0%

of salicylic acid (C7H6O3), calculated on the dried basis.
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IDENTIFICATION

Delete the following:
•  A. In moderately dilute solutions of Salicylic Acid, ferric chloride TS produces a violet color. 

Add the following:

•  A. Infrared Absorption 197K  

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  500 mg of Salicylic Acid
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 N sodium hydroxide VS
Endpoint detection:  Visual

Analysis:  Dissolve the Sample in 25 mL of diluted alcohol previously neutralized with 0.1 N
sodium hydroxide. Add phenolphthalein TS, and titrate with Titrant. Each mL of Titrant is
equivalent to 13.81 mg of salicylic acid (C7H6O3).

Acceptance criteria:  99.5%–101.0% on the dried basis
Mobile phase:  Methanol, glacial acetic acid, and water (40:1:60), prepared by adding
10 mL of glacial acetic acid to a solution containing 400 mL of methanol and 600 mL of
water.
Standard solution:  0.5 mg/mL of USP Salicylic Acid RS in Mobile phase. Sonicate to

dissolve as needed.
Sample solution:  0.5 mg/mL of Salicylic Acid in Mobile phase. Sonicate to dissolve as

needed.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  1 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 2.0
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of salicylic acid (C7H6O3) in the portion of Salicylic Acid
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taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
CU= concentration of Salicylic Acid in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.05%

•  Chloride and Sulfate, Chloride 221
Sample:  1.5 g
Analysis:  Heat the Sample with 75 mL of water until it is dissolved. Cool, add water to

restore the original volume, and filter.
Acceptance criteria:  A 25-mL portion of the filtrate shows no more chloride than

corresponds to 0.10 mL of 0.020 N hydrochloric acid. (0.014%)

•  Chloride and Sulfate, Sulfate 221
Sample solution:  1.0 g in alcohol and water (1:1)
Acceptance criteria:  No more sulfate than corresponds to 0.2 mL of 0.020 N sulfuric acid

(0.02%)

•  Heavy Metals 231
Sample solution:  1 g in 25 mL of acetone
Control solution:  25 mL of acetone and 2 mL of Standard Lead Solution
Analysis:  To the Sample solution, add 2 mL of water, 1.2 mL of thioacetamide-glycerin

base TS, and 2 mL of pH 3.5 Acetate Buffer. Allow to stand for 5 min.
Acceptance criteria:  NMT 20 ppm. Any color produced is not darker than that of a Control

solution treated in the same manner as the Sample solution.

Change to read:
•  Organic Impurities

Mobile phase:  Prepare as directed in the Assay.
Diluent:  Methanol, glacial acetic acid, and water (70:4:30)
Standard solution:  0.5 mg/mL of USP Salicylic Acid RS, 0.05 mg/mL of USP Salicylic Acid

Related Compound A RS, 0.025 mg/mL of USP Salicylic Acid Related Compound B RS, and
0.01 mg/mL of USP Phenol RS in Diluent
Peak identification solution:  0.01 mg/mL of USP Phenol RS in Diluent

Sample solution:  50 mg/mL of Salicylic Acid in Diluent. Sonicate until completely dissolved.
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 270 nm
Column:  4.6-mm × 10-cm; 5-µm packing L1
Flow rate:  0.5 mL/min
Injection volume:  2 µL
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System suitability 
Samples:  Standard solution and Peak identification solution
Suitability requirements 
[Note—Identify the elution order of phenol by comparing with the Peak identification

solution.]
Resolution:  NLT 2.0 between any two peaks, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of salicylic acid related compound A, salicylic acid related compound
B, and phenol in the portion of Salicylic Acid taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of salicylic acid related compound A, salicylic acid related compound B, or
phenol from the Sample solution

rS= peak response of salicylic acid related compound A, salicylic acid related compound B, or
phenol from the Standard solution

CS= concentration of USP Salicylic Acid Related Compound A RS, USP Salicylic Acid Related
Compound B RS, or USP Phenol RS in the Standard solution (mg/mL)

CU= concentration of Salicylic Acid in the Sample solution (mg/mL)

Calculate the percentage of any other individual impurity in the portion of Salicylic Acid taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of any other individual impurity from the Sample solution
rS= peak response of salicylic acid related compound B from the Standard solution
CS= concentration of USP Salicylic Acid Related Compound B RS in the Standard solution (mg/mL)
CU= concentration of Salicylic Acid in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1.
 [Note—The elution order for salicylic acid related compound B and phenol may switch.] 

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Salicylic acid related compound A 0.35 0.1
Salicylic acid related compound B 0.45 0.05
Phenol 0.50 0.02
Salicylic acid 1.0 —
Any other individual impurity — 0.05
Total impurities — 0.2

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature 741 : 158 –161  
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•  Loss on Drying 731
Analysis:  Dry over silica gel for 3 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.

Change to read:

•  USP Reference Standards 11
USP Phenol RS 
USP Salicylic Acid RS 
USP Salicylic Acid Related Compound A RS  

4-Hydroxybenzoic acid.     
C7H6O3      138.12

CAS 99-96-7

USP Salicylic Acid Related Compound B RS  
4-Hydroxyisophthalic acid.     

C8H6O5

      182.13

BRIEFING

Sodium Bicarbonate, USP 36 page 5149. On the basis of comments received, it is proposed to
revise the monograph as follows:

1. Several comments were received that the current wet chemistry limit test for Limit of
Ammonia may provide false positive results and may not be suitable for analysis of
marketed products. As part of the USP monograph modernization initiative, it is
proposed to replace it with a quantitative ion chromatographic procedure based on
analyses performed with the IonPac CS16 brand of L84 column manufactured by
ThermoScientific-Dionex. Under the chromatographic conditions, ammonium ions elute
at a retention time of about 19 min.

2. In the test for Chloride and Sulfate, Chloride, it is proposed to specify the volume of
hydrochloric acid as 1.5 mL rather than 1.48 mL. This change will not affect the
pass-fail result of NMT 0.015%.

3. In the test for Copper, it is proposed to calculate the result in ppm rather than as a
percentage, to be consistent with the Acceptance criteria.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: R. Ravichandran, E. Gonikberg.)
Correspondence Number—C128767

Comment deadline: January 31, 2014
Sodium Bicarbonate
NaHCO3       84.01 

Carbonic acid monosodium salt;     

(ERR 1-Oct-2013)
USP38

(ERR 1-Oct-2013)
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Monosodium carbonate     [144-55-8].

DEFINITION

Sodium Bicarbonate contains NLT 99.0% and NMT 100.5% of sodium bicarbonate (NaHCO3),
calculated on the dried basis.

IDENTIFICATION

•  A. Identification Tests—General, Sodium 191 : Meets the requirements

•  B. Identification Tests—General, Bicarbonate 191 : Meets the requirements

ASSAY
•  Procedure

Sample:  3 g
Analysis:  Mix the Sample with 100 mL of water, add methyl red TS, and titrate with 1 N

hydrochloric acid VS. Add the acid slowly, with constant stirring, until the solution
becomes faintly pink. Heat the solution to boiling, cool, and continue the titration until the
faint pink color no longer fades after boiling. Each mL of 1 N hydrochloric acid is equivalent
to 84.01 mg of sodium bicarbonate.

Acceptance criteria:  99.0%–100.5% on the dried basis

IMPURITIES
•  Insoluble Substances

Sample solution:  Dissolve 1 g in 20 mL of water.
Acceptance criteria:  The resulting solution is complete and clear.

•  Carbonate (where it is labeled as intended for use in hemodialysis)
Apparatus:  The apparatus (see Figure 1) consists of a 50-mL flask with a side arm

connected to a source of carbon dioxide humidified by bubbling through a saturated
solution of sodium bicarbonate. The flask is equipped with a top-mounted stopper fitted
with an exit tube. The exit tube is connected via a T-tube to a system vent and a
leveling buret and reservoir.

Figure 1. Carbonate apparatus.
Reagents 

Saturated sodium bicarbonate solution:  Mix 20 g of sodium bicarbonate in 100 mL of
water, and allow any undissolved crystals to settle. Use the clear supernatant.

Displacement solution:  Dissolve 100 g of sodium chloride in 350 mL of water, and add 1
g of sodium bicarbonate and 1 mL of methyl orange TS. After the sodium bicarbonate
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has dissolved, add 6 N sulfuric acid until the solution turns pink. Use this solution to fill
the reservoir of the apparatus.

Analysis:  Add 25 mL of Saturated sodium bicarbonate solution to the 50-mL flask, and
flush the system by allowing humidified carbon dioxide to enter through the side arm.
Close the carbon dioxide inlet and the system vent, and stir the Saturated sodium
bicarbonate solution until no further carbon dioxide absorption is noted from successive
buret readings. Maintain atmospheric pressure in the apparatus by adjusting the
Displacement solution to the same level in both the reservoir and the buret, noting the
buret reading. Open the system vent, and reintroduce humidified carbon dioxide through
the side arm of the flask. Close the carbon dioxide inlet and the system vent, and stir the
Saturated sodium bicarbonate solution vigorously until no further carbon dioxide
absorption is noted. Repeat the carbon dioxide absorption procedure starting with “Open
the system vent” until NMT a 0.2-mL change in buret reading is noted. Discontinue
stirring, reintroduce humidified carbon dioxide through the side arm of the flask, remove
the top-mounted stopper from the flask briefly, and promptly add 10 g of Sodium
Bicarbonate to the flask. Replace the stopper, continue the flow of humidified carbon
dioxide for about 30 s, and then close the carbon dioxide inlet and the system vent. Stir
the solution in the flask vigorously until carbon dioxide absorption ceases, noting the
volume absorbed from the buret reading. Restore atmospheric pressure in the apparatus
by leveling the Displacement solution in the reservoir and the buret, and discontinue
stirring. Open the system vent, and flush humidified carbon dioxide through the system.
Close the carbon dioxide inlet and the system vent, and stir the solution in the flask
vigorously until carbon dioxide absorption ceases. 
Determine the total volume, V, in mL, of carbon dioxide absorbed after the addition of the
specimen to the flask, and calculate the percentage of carbonate in the portion of
specimen tested:

Result = 273V × (6001P)/[22400 × (273 + T) × (760W)]

V= total volume of carbon dioxide absorbed (mL)
P= ambient atmospheric pressure (mm of mercury)
T= ambient temperature
W= weight of Sodium Bicarbonate taken (g)
[Note—Maintain a constant temperature during the measurement of the volume of carbon

dioxide absorbed.]

Acceptance criteria:  NMT 0.23%
•  Normal Carbonate

Sample:  1 g
Analysis:   Dissolve the Sample in 20 mL of water with very gentle swirling at a

temperature not exceeding 15 . Add 2.0 mL of 0.10 N hydrochloric acid and 2 drops of
phenolphthalein TS.

Acceptance criteria:  The solution does not assume more than a faint pink color
immediately.

Change to read:

•  Chloride and Sulfate, Chloride 221
Sample:  0.35 g
Acceptance criteria:  No more chloride than corresponds to 1.48
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1.5
mL of 0.0010 N hydrochloric acid (NMT 0.015%)

•  Limit of Sulfur Compounds
Sample:  2.0 g
Sample solution:  Dissolve the Sample in 20 mL of water, and evaporate to 5 mL by boiling.

Add 1 mL of bromine TS, evaporate to dryness, and cool. Dissolve the residue in 10 mL of
3 N hydrochloric acid, evaporate to dryness, and cool. Dissolve the residue in 5 mL of 3 N
hydrochloric acid, evaporate to dryness, and cool. Dissolve the residue in 10 mL of water,
and adjust with 3 N hydrochloric acid or 6 N ammonium hydroxide to a pH of 2. If
necessary to obtain a clear solution, filter the solution, washing the filter with two 2-mL
portions of water. Dilute with water to 20 mL.

Standard solution:  To 0.30 mL of 0.020 N sulfuric acid add 1 mL of 0.06 N hydrochloric
acid, and dilute with water to 20 mL.

Analysis:  Add 1 mL of barium chloride TS to each of the Sample solution and the Standard
solution. Mix, and allow to stand for 30 min.

Acceptance criteria:  Any turbidity produced in the Sample solution is not more intense
than that produced in the Standard solution (NMT 0.015%).

•  Aluminum 206  (where it is labeled as intended for use in hemodialysis)
Test preparation:  Transfer 1.0 g to a 100-mL plastic volumetric flask. Carefully add 4 mL

of nitric acid. Sonicate for 30 min, and dilute with water to volume.
Acceptance criteria:  NMT 2 µg/g

•  Arsenic, Method I 211
Test preparation:  Dissolve 1.5 g in 20 mL of 7 N sulfuric acid, and add 35 mL of water.
Analysis:  Proceed as directed in the chapter, omitting the addition of 20 mL of 7 N sulfuric

acid.
Acceptance criteria:  NMT 2 ppm

•  Calcium (where it is labeled as intended for use in hemodialysis)
[Note—The Standard solutions and the Sample solution may be modified, if necessary, to

obtain solutions of suitable concentrations, adaptable to the linear or working range of the
instrument.]

Potassium chloride solution:  10 mg/mL of potassium chloride in 0.36 N hydrochloric acid

Standard solutions:  Transfer 249.7 mg of calcium carbonate, previously dried at 300  for
3 h and cooled in a desiccator for 2 h, to a 100-mL volumetric flask. Dissolve in 6 mL of 6
N hydrochloric acid, add 1 g of potassium chloride, and dilute with water to volume.
Transfer 10.0 mL of this solution to a second 100-mL volumetric flask, and dilute with
Potassium chloride solution to volume. This solution contains 100 µg/mL of calcium.
Transfer 2.0-, 3.0-, 4.0-, and 5.0-mL portions of this solution to separate 100-mL
volumetric flasks (each containing 6 mL of 6 N hydrochloric acid), and dilute with
Potassium chloride solution to volume. These Standard solutions contain 2.0, 3.0, 4.0, and
5.0 µg/mL of calcium, respectively.

Sample solution:  Transfer 3.0 g to a 100-mL volumetric flask. Add 6 mL of 6 N
hydrochloric acid and 1 g of potassium chloride, and dilute with water to volume.

Blank:  Potassium chloride solution
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
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Analytical wavelength:  Calcium emission line at 422.7 nm
Lamp:  Calcium hollow-cathode
Flame:  Nitrous oxide–acetylene

Analysis 
Samples:  Standard solutions and Sample solution

Plot the absorbances of the Standard solutions versus their contents of calcium, in µg/mL,
by drawing a straight line best fitting the four plotted points. From the graph so obtained
determine the concentration, C, in µg/mL, of calcium in the Sample solution. 
Calculate the percentage of calcium in the portion of Sodium Bicarbonate taken:

Result = (C/CU) × 100

C= concentration of calcium in the Sample solution (µg/mL)
CU= concentration of Sodium Bicarbonate in the Sample solution (µg/mL)

Acceptance criteria:  NMT 0.01%
•  Magnesium (where it is labeled as intended for use in hemodialysis)
[Note—The Standard solutions and the Sample solution may be modified, if necessary, to

obtain solutions of suitable concentrations, adaptable to the linear or working range of the
instrument.]

Potassium chloride solution, Sample solution, and Blank:  Proceed as directed in the
test for Calcium.

Standard solutions:  To 1.000 g of magnesium in a 250-mL beaker containing 20 mL of
water, carefully add 20 mL of hydrochloric acid, warming if necessary to complete the
reaction. Transfer this solution to a 1000-mL volumetric flask containing 10 g of potassium
chloride, and dilute with water to volume. Transfer 10.0 mL of this solution to a 100-mL
volumetric flask containing 1 g of potassium chloride, and dilute with water to volume.
Transfer 10.0 mL of this solution to a second 100-mL volumetric flask, and dilute with
Potassium chloride solution to volume. This solution contains 10.0 µg/mL of magnesium.
Transfer 2.0-, 3.0-, 4.0-, and 5.0-mL portions of this solution to separate 100-mL
volumetric flasks (each containing 6 mL of 6 N hydrochloric acid), and dilute with
Potassium chloride solution to volume. These Standard solutions contain 0.2, 0.3, 0.4, and
0.5 µg/mL of magnesium, respectively.

Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  Magnesium emission line at 285.2 nm
Lamp:  Magnesium hollow-cathode
Flame:  Reducing air–acetylene

Analysis 
Samples:   Sample solution and Standard solutions

Plot the absorbances of the Standard solutions versus their contents of magnesium, in
µg/mL, by drawing a straight line best fitting the four plotted points. From the graph so
obtained determine the concentration, C, in µg/mL, of magnesium in the Sample solution. 
Calculate the percentage of magnesium in the portion of Sodium Bicarbonate taken:

Result = (C/CU) × 100
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C= concentration of magnesium in the Sample solution (µg/mL)
CU= concentration of Sodium Bicarbonate in the Sample solution (µg/mL)

Acceptance criteria:  NMT 0.004%

Change to read:
•  Copper (where it is labeled as intended for use in hemodialysis)
[Note—The Standard solution and the Sample solution may be modified, if necessary, to obtain

solutions of suitable concentrations, adaptable to the linear or working range of the
instrument.]

Diluent:  Dilute 40 mL of nitric acid with water to 1000 mL.
Standard solution:  10.0 µg/mL of copper, prepared as follows. Transfer 1.000 g of copper

to a 1000-mL volumetric flask. Dissolve in 20 mL of nitric acid, and dilute with 0.2 N nitric
acid to volume. Transfer 10.0 mL of this solution to a second 1000-mL volumetric flask,
and dilute with 0.2 N nitric acid to volume. Store in a polyethylene bottle.

Sample solution:  Transfer 5.0 g of Sodium Bicarbonate to a 100-mL plastic volumetric
flask, and carefully add 4 mL of nitric acid. Sonicate for 30 min, and dilute with water to
volume.

Spiked sample solution:  To 10.0 mL of the Sample solution add 20 µL of Standard
solution. This solution contains 0.02 µg/mL of added copper.

Blank:  Diluent
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  Atomic absorption spectrophotometry
Analytical wavelength:  Copper emission line at 324.7 nm
Lamp:  Copper hollow-cathode
Flame:  Flameless electrically heated furnace

Analysis 
Samples:  Sample solution and Spiked sample solution

Plot the absorbances of the Sample solution and the Spiked sample solution versus their
contents of added copper, in µg/mL. Draw a line connecting the two points, and
extrapolate the line until it intercepts the concentration axis. From the intercept,
determine the concentration, C, in µg/mL, of copper in the Sample solution. 
Calculate the percentage
amount, in ppm,

of copper in the portion of Sodium Bicarbonate taken:

Result = (C/CU) × 100

Result = (C/CU) × 106

C= concentration of copper in the Sample solution (µg/mL)
CU= concentration of Sodium Bicarbonate in the Sample solution (µg/mL)

Acceptance criteria:  NMT 1 ppm

•  Iron 241  (where it is labeled as intended for use in hemodialysis)
Sample solution:  Place 2.0 g of Sodium Bicarbonate in a beaker, and neutralize with

hydrochloric acid, noting the volume of acid consumed. Transfer this solution to a 25-mL
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volumetric flask with the aid of water.
Standard solution:  Transfer 1.0 mL of Standard Iron Solution to a 25-mL volumetric flask.

Add the same volume of hydrochloric acid as used to prepare the Sample solution.
Blank:  Use the same volume of hydrochloric acid in a 25-mL volumetric flask as used to

prepare the Sample solution.
Instrumental conditions  

(See Spectrophotometry and Light-Scattering 851 .)
Mode:  UV-Vis
Analytical wavelength:  480 nm

Analysis 
Samples:  Sample solution, Standard solution, and Blank

To each of the flasks containing the Standard solution, the Sample solution, and the Blank
add 50 mg of ammonium peroxydisulfate crystals and 2 mL of Ammonium Thiocyanate
Solution. Dilute with water to volume. Concomitantly determine the absorbances of the
solutions from the Standard solution and the Sample solution.

Acceptance criteria:  The absorbance of the Sample solution is NMT that of the Standard
solution (NMT 5 ppm).

•  Heavy Metals, Method I 231
Test preparation:  Mix 4.0 g with 5 mL of water and 19 mL of 3 N hydrochloric acid, heat

to boiling, and maintain that temperature for 1 min. Add 1 drop of phenolphthalein TS,
then add sufficient 6 N ammonium hydroxide, dropwise, to give the solution a faint pink
color. Cool, and dilute with water to 25 mL.

Acceptance criteria:  NMT 5 ppm

Change to read:
•  Limit of Ammonia

Sodium hypochlorite solution:  Use a commercially available solution that contains 4.0%–
6.0% of sodium hypochlorite.

Oxidizing solution:  Alkaline sodium citrate TS and Sodium hypochlorite solution (4:1).
[Note—Prepare on the day of use.]

Diluted sodium nitroferricyanide solution:  Sodium nitroferricyanide TS and water (1:10)
Sample solution:  25 mg/mL in water
Analysis:  [Note—Carefully follow the order of addition stated below.] To 4.0 mL of the

Sample solution add 0.4 mL of phenol TS, 0.4 mL of Diluted sodium nitroferricyanide
solution, and 1.0 mL of Oxidizing solution. Dilute with water to 10 mL, and allow to stand
for 1 h.

Acceptance criteria:  No blue color develops.

Use water with a resistivity NLT 18 megohm-cm to prepare all of the solutions.
Solution A:  100 mM methanesulfonic acid in water
Solution B:  Water
Mobile phase:  See Table 1. Return to original conditions and re-equilbrate the system.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 7 93
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26 7 93
26.1 70 30
34 70 30

Alternatively, Mobile phase can be generated electrolytically using an automatic eluent
generator.

System suitability stock solution A:  10 mg/mL of Sodium Bicarbonate in water
System suitability stock solution B:   3 µg/mL of ammonium chloride (equivalent to 1

µg/mL of ammonium ions) in water
System suitability solution:   1 mg/mL of Sodium Bicarbonate and 0.02 µg/mL of

ammonium ions from suitable volumes of System suitability stock solution A and System
suitability stock solution B in water

Standard solution:  0.02 µg/mL of ammonium ions from commercially available NIST
traceable ion chromatography ammonium ion standard solution

Sample solution:  1 mg/mL of Sodium Bicarbonate in water
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Conductivity with suppression
Columns 

Guard:  3-mm × 5-cm; 5-µm packing L84
Analytical:  3-mm × 25-cm; 5-µm packing L84

Temperatures 

Detector:  30

Column:  40
Flow rate:  0.43 mL/min
Injection volume:  25 µL

System suitability 
Sample:  System suitability solution
[Note—Relative retention times for sodium and ammonium ions are 1.0 and 1.3,

respectively.]
Suitability requirements 

Resolution:  NLT 4.0 between sodium and ammonium ions
Tailing factor:  NMT 1.5 for ammonium ion
Signal-to-noise ratio:  NLT 75 for ammonium ion

Analysis 
Samples:  Standard solution and Sample solution

Acceptance criteria:  The response due to ammonium ion in the Sample solution is NMT
the response due to ammonium ion in the Standard solution (NMT 20 ppm).

•  Limit of Organics (where it is labeled as intended for use in hemodialysis)
Silver sulfate solution:  11 g/L of silver sulfate in sulfuric acid
Indicator solution:  14.85 mg/mL of 1,10-phenanthroline and 6.95 mg/mL of ferrous sulfate

in water
Standard solution:  Transfer 850.3 mg of potassium biphthalate, previously crushed lightly

and dried at 120  for 2 h, to a 1000-mL volumetric flask. Dilute with water to volume.
Transfer 6.0 mL of this solution to a 100-mL volumetric flask, and dilute with water to
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volume. It contains the equivalent of 0.06 mg/mL of organic equivalents. Transfer 40.0 mL
of this solution to a 500-mL reflux flask.

Sample solution:  Transfer 20 g of Sodium Bicarbonate to a 500-mL reflux flask. Add 20 mL
of water, and swirl. Cautiously add 20 mL of sulfuric acid, and swirl.

[Caution—Perform this operation under a hood.]
Blank:  Add 40 mL of water to a 500-mL reflux flask.
Analysis 

Samples:  Standard solution, Sample solution, and Blank

Concomitantly treat the Samples as follows. To each flask add 1 g of mercuric sulfate and
about five glass beads. Cool the flask in an ice bath, and add 5 mL of Silver sulfate
solution. While gently swirling the flask in the ice bath, add 25.0 mL of 0.025 N potassium
dichromate VS and, slowly, 70 mL of Silver sulfate solution. Fit a cold water condenser on
the reflux flask, and reflux for 2 h. Allow the contents of the flask to cool for 10 min, and
wash the condenser with 50 mL of water, collecting the washings in the flask. Add water
to the flask to obtain a volume of about 350 mL. Add 3 drops of Indicator solution, and
titrate at room temperature with 0.07 N ferrous ammonium sulfate VS until the solution
changes from greenish blue to reddish brown. 
To verify the suitability of the system, calculate the amount, in mg, of organic equivalents
in the Standard solution:

Result = (VB  VS) × 8N

VB= volume of 0.07 N ferrous ammonium sulfate VS consumed by the Blank (mL)
VS= volume of 0.07 N ferrous ammonium sulfate VS consumed by the Standard solution (mL)
N= normality of ferrous ammonium sulfate VS

Suitability criteria:  2.328–2.424 mg 
Calculate the amount, in mg, of organic equivalents in the portion of Sodium Bicarbonate
taken:

Result = (VB  VU) × 8N

VB= volume of 0.07 N ferrous ammonium sulfate VS consumed by the Blank (mL)
VU= volume of 0.07 N ferrous ammonium sulfate VS consumed by the Sample solution (mL)
N= normality of ferrous ammonium sulfate VS

Acceptance criteria:  NMT 0.01%

SPECIFIC TESTS

•  Loss on Drying 731
Sample:  4 g
Analysis:  Dry the Sample over silica gel for 4 h.
Acceptance criteria:  NMT 0.25%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed containers.
•  Labeling: Where Sodium Bicarbonate is intended for use in hemodialysis, it is so labeled.
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BRIEFING

Sulfamethoxazole, USP 36 page 5226. As part of the USP monograph modernization effort,
and on the basis of comments received, the following revisions are proposed:

1. The nonspecific Identification test B is replaced with a more specific chromatographic
retention time agreement of the major peaks, as obtained in the proposed Assay.

2. The nonspecific Identification test C is deleted as the other two identification tests are
more specific and sufficient.

3. The titration procedure in the Assay is replaced with a stability-indicating HPLC
procedure. The HPLC procedure for Related Substances in European Pharmacopoeia,
edition 8.0, with some modification, was adopted in the Assay.

4. The acceptance criteria in the Definition has been changed from NLT 99.0% and NMT
101.0% to NLT 98.0% and NMT 102.0%, which is typical for chromatographic
procedures.

5. The thin-layer chromatographic procedure for Organic Impurities is replaced with an
HPLC procedure based on the validated methods of analysis.

6. The HPLC procedures used in the Assay and test for Organic Impurities are based on
analyses performed using the Lichrospher RP-8 brand of L7 column. The typical
retention time of the sulfamethoxazole peak is about 10 min.

7. The test for Melting Range or Temperature is deleted. The proposed selective HPLC
test for Organic Impurities is sufficient to monitor impurities.

8. The USP Reference Standards section is updated with new Reference Standards used as
quantitative standards.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM1: S. Shivaprasad.)
Correspondence Number—C121911

Comment deadline: January 31, 2014
Sulfamethoxazole

C10H11N3O3S       253.28 

Benzenesulfonamide, 4-amino-N-(5-methyl-3-isoxazolyl)-;     
N1-(5-Methyl-3-isoxazolyl)sulfanilamide     [723-46-6].

DEFINITION
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Change to read:

Sulfamethoxazole contains NLT 99.0%
98.0%

and NMT 101.0%
102.0%

of sulfamethoxazole (C10H11N3O3S), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

Delete the following:

•  B. Ultraviolet Absorption 197U
Analytical wavelength: 257 nm
Sample solution: 10 µg/mL in sodium hydroxide solution (1 in 250)
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more

than 2.0%.

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

Delete the following:
•  C.

Sample solution: Dissolve 100 mg in 2 mL of hydrochloric acid.
Analysis: To the Sample solution add 3 mL of sodium nitrite solution (1 in 100) and 1 mL of

sodium hydroxide solution (1 in 10) containing 10 mg of 2-naphthol.
Acceptance criteria: A red-orange precipitate is formed.

ASSAY

Change to read:
•  Procedure

Sample solution:  500 mg of Sulfamethoxazole dissolved in a mixture of 20 mL of glacial
acetic acid and 40 mL of water

Titrimetric system 
Mode:  Direct titration
Titrant:  0.1 M sodium nitrite VS
Endpoint detection:  Potentiometric

Analysis:  Add 15 mL of hydrochloric acid to the Sample solution. Cool to 15 , and
immediately titrate with Titrant, determining the endpoint potentiometrically using a
calomel–platinum electrode system. Each mL of 0.1 M sodium nitrite is equivalent to
25.33 mg of sulfamethoxazole (C10H11N3O3S).

Acceptance criteria:  99.0%–101.0% on the dried basis
Buffer:  13.6 g/L of potassium dihydrogen phosphate adjusted to a pH of 5.3 with a 20
g/L solution of potassium hydroxide
Mobile phase:  Methanol and Buffer (30:70)
Standard stock solution:  1 mg/mL of USP Sulfamethoxazole RS in Mobile phase.
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Sonicate at about 45  for 10 min prior to final dilution.
Standard solution:  0.1 mg/mL of USP Sulfamethoxazole RS from Standard stock solution

and 0.1 mg/mL of USP Sulfamethoxazole Related Compound A RS in Mobile phase
Sample stock solution:  1 mg/mL of Sulfamethoxazole in Mobile phase. Sonicate at

about 45  for 10 min prior to final dilution.
Sample solution:  0.1 mg/mL of Sulfamethoxazole from Sample stock solution in Mobile

phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 25-cm; 5-µm packing L7
Flow rate:  0.9 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
[Note—The relative retention times for sulfamethoxazole and sulfamethoxazole related

compound A are 1.0 and 1.2, respectively.]
Suitability requirements 

Resolution:  NLT 3.5 between sulfamethoxazole and sulfamethoxazole related
compound A peaks

Relative standard deviation:  NMT 0.73%, sulfamethoxazole peak
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of sulfamethoxazole (C10H11N3O3S) in the portion of
Sulfamethoxazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of sulfamethoxazole from the Sample solution
rS= peak response of sulfamethoxazole from the Standard solution
CS= concentration of USP Sulfamethoxazole RS in the Standard solution (mg/mL)
CU= concentration of Sulfamethoxazole in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Selenium 291
Sample:  200 mg
Acceptance criteria:  30 ppm

Change to read:
•  Organic Impurities

Standard solution A:  Dissolve 100 mg of USP Sulfamethoxazole RS in 0.10 mL of
ammonium hydroxide, and dilute with methanol to 10.0 mL.
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Standard solution B:  Dissolve 20 mg of USP Sulfanilamide RS and 20 mg of sulfanilic acid
in 10 mL of ammonium hydroxide, and dilute with methanol to 100 mL. Transfer 2.0 mL of
the solution to a 50-mL volumetric flask, add 10 mL of ammonium hydroxide, and dilute
with methanol to volume.

Sample solution:  Dissolve 100 mg in 0.10 mL of ammonium hydroxide, and dilute with
methanol to 10.0 mL.

Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel
Application volumes 

Standard solution A:  10 µL
Standard solution B:  25 µL
Sample solution:  10 µL

Developing solvent system:  Alcohol, n-heptane, chloroform, and glacial acetic acid
(25:25:25:7)

Spray reagent:  Dissolve 0.10 g of p-dimethylaminobenzaldehyde in 1 mL of hydrochloric
acid, and dilute with alcohol to 100 mL.

Analysis 
Samples:  Standard solution A, Standard solution B, and Sample solution

Apply the Samples, and allow to dry. Develop the chromatogram until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
chamber, and allow it to air-dry. Spray the plate with Spray reagent. Sulfamethoxazole
produces a spot at about RF 0.7, sulfanilamide at about RF 0.5, and sulfanilic acid at
about RF 0.1.

Acceptance criteria:  0.2%; any spots produced by sulfanilamide or sulfanilic acid from
the Sample solution do not exceed in size or intensity similar spots, occurring at the
respective RF values, produced by sulfanilamide or sulfanilic acid from Standard solution
B.
Buffer:  13.6 g/L of potassium dihydrogen phosphate adjusted to a pH of 5.3 with a 20
g/L solution of potassium hydroxide
Mobile phase:  Methanol and Buffer (30:70)
Standard solution:  1 µg/mL each of USP Sulfamethoxazole RS, USP Sulfamethoxazole

Related Compound A RS, USP Sulfamethoxazole Related Compound B RS, USP
Sulfamethoxazole Related Compound C RS, USP Sulfamethoxazole Related Compound F

RS, USP Sulfanilic Acid RS, and USP Sulfanilamide RS in Mobile phase. Sonicate at 45
for 10 min prior to final dilution.

Sample solution:  1 mg/mL of Sulfamethoxazole in Mobile phase. Sonicate at 45  for 10
min prior to final dilution.

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 210 nm
Column:  4-mm × 25-cm; 5-µm packing L7

PF 39(6): Nov.-Dec. 2013 426



Flow rate:  0.9 mL/min
Injection volume:  20 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  NLT 3.5 between sulfamethoxazole and sulfamethoxazole related
compound A peaks

Relative standard deviation:  NMT 2.0% for sulfamethoxazole peak
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of each related compound and any individual impurity in the
portion of Sulfamethoxazole taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each related compound or any individual impurity from the Sample
solution

rS= peak response of each related compound or sulfamethoxazole (for any individual
impurity) from the Standard solution

CS= concentration of the corresponding related compound or USP Sulfamethoxazole RS
(for any individual impurity) in the Standard solution (mg/mL)

CU= concentration of Sulfamethoxazole in the Sample solution (mg/mL)

Acceptance criteria:  See Table 1. Disregard any peak less than 0.025%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Sulfanilic acid 0.26 0.1
Sulfanilamide 0.33 0.1

Sulfamethoxazole related compound Fa 0.42 0.1

Sulfamethoxazole related compound Cb 0.47 0.1
Sulfamethoxazole 1.00 —

Sulfamethoxazole related compound Ac 1.24 0.1

Sulfamethoxazole related compound Bd 2.07 0.1
Any single unspecified impurity — 0.1
Total impurities — 0.3

a  4-Amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide.
b  5-Methylisoxazol-3-amine.
c  N-{4-[N-(5-Methylisoxazol-3-yl)sulfamoyl]phenyl}acetamide.
d  4-Amino-N-{4-[N-(5-methylisoxazol-3-yl)sulfamoyl]phenyl}benzenesulfonamide.

SPECIFIC TESTS
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Delete the following:

•  Melting Range or Temperature, Class I 741 : 168 –172  

•  Loss on Drying 731

Analysis:  Dry at 105  for 4 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at room

temperature.

Change to read:

•  USP Reference Standards 11
USP Sulfamethoxazole RS 
USP Sulfamethoxazole Related Compound A RS  

N-{4-[N-(5-Methylisoxazol-3-yl)sulfamoyl]phenyl}acetamide. 
C12H13N3O4S      173.19

USP Sulfamethoxazole Related Compound B RS  
4-Amino-N-{4-[N-(5-methylisoxazol-3-yl)sulfamoyl]phenyl}benzenesulfonamide. 
C16H16N4O5S2      408.45

USP Sulfamethoxazole Related Compound C RS  
5-Methylisoxazol-3-amine. 
C4H6N2O      98.10

USP Sulfamethoxazole Related Compound F RS  
4-Amino-N-(3-methylisoxazol-5-yl)benzenesulfonamide. 
C10H11N3O3S      253.28

USP Sulfanilamide RS  
p-Aminobenzenesulfonamide.     
C6H8N2O2S      172.20

USP Sulfanilic Acid RS  
4-Aminobenzenesulfonic acid. 
C6H7NO3S      172.20

BRIEFING

Tamsulosin Hydrochloride, USP 36 page 5269. As part of the USP monograph modernization
effort, the following revisions are being proposed:

1. The titration procedure in the Assay is replaced with a validated HPLC procedure, which
is based on analyses performed with the Waters Xterra RP or Novapak C18 brands of
L1 column. The typical retention time for tamsulosin is about 14 min. The YMC
JSphere ODS-H80 brand of L1 column was also found to be suitable, with the typical
retention time for tamsulosin of about 25 min.

2. A third Identification test, based on the retention time agreement in the Assay, is added
to strengthen the monograph.

3. The Acceptance criteria in the Definition are changed from “NLT 98.5% and NMT
101.0%” to “NLT 98.0% and NMT 102.0%”, which are typical for chromatographic
procedures.
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4. The test for Specific Rotation is deleted to make the monograph consistent with the
current monograph in the European Pharmacopoeia. This test is redundant and lacks
the specificity of the chromatographic methods, and the chiral purity of Tamsulosin
Hydrochloride is already controlled by the test for Enantiomeric Purity.

5. In the test for Enantiomeric Purity, the term “optical isomer” is replaced with “S-
enantiomer” to be consistent with the current stereochemical terminology. The test
for Enantiomeric Purity is moved from Specific Tests to the Impurities category, to
be consistent with current USP style.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: E. Gonikberg, R.-H. Yeh.)
Correspondence Number—C92106

Comment deadline: January 31, 2014
Tamsulosin Hydrochloride

C20H28N2O5S · HCI       444.97 

Benzenesulfonamide, 5-[2-[[2-(2-ethoxyphenoxy)ethyl]amino]propyl]-2-methoxy-,
monohydrochloride, (R)-;     

( )-(R)-5-[2-[[2-(o-Ethoxyphenoxy)ethyl]amino]propyl]-2-methoxybenzenesulfonamide
monohydrochloride     [106463-17-6].

DEFINITION

Change to read:

Tamsulosin Hydrochloride contains NLT 98.5%
98.0%

and NMT 101.0%
102.0%

of tamsulosin hydrochloride (C20H28N2O5S·HCl), calculated on the dried basis.

IDENTIFICATION

•  A. Infrared Absorption 197K

•  B. Identification Tests—General, Chloride 191
Sample solution:  7.5 mg/mL in water, using heat to dissolve the sample. In an ice bath,

cool 5 mL of the solution. Add 3 mL of diluted nitric acid, and shake until mixed thoroughly.
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Allow to stand for 30 min at room temperature, and filter.

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  350 mg, previously dried at 105  for 2 h
Analysis:  Dissolve the Sample in 5 mL of formic acid, and add 75 mL of a mixture of glacial

acetic acid and acetic anhydride (3:2). Titrate immediately with 0.1 N perchloric acid VS
and determine the endpoint potentiometrically. Perform a blank determination, and make

any necessary correction (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is
equivalent to 44.50 mg of C20H28N2O5S·HCl.
Buffer:  Transfer 0.1 g of octanesulfonic acid sodium salt and 1.0 mL of phosphoric acid
into 1 L of water, and mix.
Mobile phase:  Acetonitrile and Buffer (20:80)
Diluent:  Methanol and water (75:25)
Standard solution:   0.016 mg/mL of USP Tamsulosin Hydrochloride RS in Diluent
Sample solution:   0.016 mg/mL of Tamsulosin Hydrochloride in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 3.5-µm packing L1

Column temperature:  30
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Relative standard deviation:  NMT 0.85% for six replicate injections
Analysis 

Samples:  Standard solution and Sample solution

Calculate the percentage of tamsulosin hydrochloride (C20H28N2O5S·HCl) in the portion
of Tamsulosin Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of tamsulosin from the Sample solution
rS= peak response of tamsulosin from the Standard solution
CS= concentration of USP Tamsulosin Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Tamsulosin Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the dried basis
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IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

•  Heavy Metals, Method II 231 : NMT 20 ppm
•  Organic Impurities, Procedure 1 (For Impurities Eluting Before Tamsulosin)

Buffer:  Dissolve 8.7 mL of perchloric acid (70%) and 3.0 g of sodium hydroxide in 1900 mL
of water. Adjust with 1 N sodium hydroxide to a pH of 2.0, and add sufficient water to
make 2000 mL.

Mobile phase:  Acetonitrile and Buffer (3:7)
System suitability solution:  25 µg/mL of Tamsulosin Hydrochloride and 50 µg/mL of

propylparaben in Mobile phase
Sample solution:  5.0 mg/mL of Tamsulosin Hydrochloride in Mobile phase
Standard solution:  10 µg/mL of Tamsulosin Hydrochloride from the Sample solution in

Mobile phase
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.3 mL/min
Injection volume:  10 µL
[Note—Record the chromatogram for NLT 1.5 times the retention time of tamsulosin.]

System suitability 
Samples:  System suitability solution and Standard solution
Suitability requirements 

Resolution:  NLT 12 between tamsulosin and propylparaben, System suitability solution.
[Note—The elution order is tamsulosin followed by propylparaben.]

Relative standard deviation:  NMT 4% for six replicate injections, Standard solution
Analysis 

Samples:  Sample solution and Standard solution

Calculate the percentage of any individual impurity eluting before the tamsulosin peak in
the portion of Tamsulosin Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity eluting before tamsulosin from the Sample solution
rS= peak response of tamsulosin from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.10% for any individual impurity. [Note—If present, des-

ethoxy impurity and methoxy impurity eluting at the relative retention time of about 0.8
are not separated by this method, and should be integrated together to determine
conformance. (Des-ethoxy impurity is 2-methoxy-5-[(2R)-2-[(2-
phenoxyethyl)amino]propyl]benzenesulfonamide, and methoxy impurity is 2-methoxy-5-
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[(2R)-2-[[2-(2-methoxyphenoxy)ethyl]amino]propyl]benzenesulfonamide.) NMT 0.15% of
the sum of des-ethoxy and methoxy impurities is found.]

Reporting level for impurities:  0.05%
•  Organic Impurities, Procedure 2 (For Impurities Eluting After Tamsulosin)

Buffer, Sample solution, and Standard solution:  Proceed as directed in Procedure 1.
[Note—Use the Mobile phase in Procedure 1 to prepare the Sample solution and Standard

solution.]
Mobile phase:  Acetonitrile and Buffer (1:1)
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1

Column temperature:  40
Flow rate:  1.0 mL/min
Injection volume:  10 µL
[Note—Record the chromatogram for NLT 5 times the retention time of tamsulosin.]

System suitability 
Sample:  Standard solution
Suitability requirements 

Resolution:  Use a column that meets the resolution requirements in Procedure 1.
Relative standard deviation:  NMT 4% for six replicate injections

Analysis 
Samples:  Sample solution and Standard solution

Calculate the percentage of any individual impurity eluting after the tamsulosin peak in the
portion of Tamsulosin Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each impurity eluting after tamsulosin from the Sample solution
rS= peak response of tamsulosin from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria 
Individual impurities:  NMT 0.10% for any individual impurity.
Reporting level for impurities:  0.05%
Total Impurities:  NMT 0.2%, including all impurities in Procedure 1 and Procedure 2

Change to read:
•  Enantiomeric Purity

Mobile phase:  Hexane, dehydrated alcohol, methanol, and diethylamine (650:200:150:1)
System suitability solution:  40 µg/mL of USP Racemic Tamsulosin Hydrochloride RS in

methanol
Sample solution:  2.0 mg/mL of Tamsulosin Hydrochloride in methanol
Standard solution:  2 µg/mL of Tamsulosin Hydrochloride from the Sample solution in

methanol
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Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 225 nm
Column:  4.6-mm × 25-cm; packing L51

Column temperature:  40
Flow rate:  0.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  System suitability solution
[Note—The relative retention times for the optical isomer
S-enantiomer

and tamsulosin are 0.8 and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 2 between the optical isomer
S-enantiomer

and tamsulosin
Analysis 

Samples:  Sample solution and Standard solution

Calculate the percentage of the optical isomer
S-enantiomer

in the portion of Tamsulosin Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of the optical isomer
S-enantiomer

from the Sample solution
rS= peak response of tamsulosin from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)

Acceptance criteria:  NMT 0.3% of the optical isomer
S-enantiomer

SPECIFIC TESTS

Delete the following:

•  Optical Rotation, Specific Rotation 781S : 17.5  to 20.5  at 20

Sample solution: 7.5 mg/mL in water. [Note—Sample should be previously dried at 105  for

2 h; heat at 60 –70  to dissolve, and allow to cool before using. ]

•  Loss on Drying 731

Analysis:  Dry at 105  for 2 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
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•  Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.

•  USP Reference Standards 11
USP Racemic Tamsulosin Hydrochloride RS 
USP Tamsulosin Hydrochloride RS 

BRIEFING

Tetracaine, USP 36 page 5329. As part of USP monograph modernization efforts, it is proposed
to make following changes:

1. The current titration based Assay procedure is revised to a validated HPLC procedure.
The liquid chromatographic procedure in the Assay is based on analyses performed
with the Waters Symmetry C18 brand of L1 column. The typical retention time for
tetracaine is about 7.3 min.

2. The nonspecific TLC test for Chromatographic Purity is replaced with an Organic
Impurities HPLC procedure. This procedure is similar to the current monograph for
Tetracaine Hydrochloride in the European Pharmacopoeia and is based on analyses
performed with the Waters Symmetry C18 brand of L1 column. The typical retention
time for tetracaine is about 8 min.

3. The acceptance criteria in the Definition are changed from “NLT 98.0% and NMT
101.0%” to “NLT 98.0% and NMT 102.0%”, which are typical for chromatographic
procedures.

4. Identification tests A and B are deleted, and a specific IR identification along with
selective orthogonal HPLC identification are added to strengthen the monograph.

5. Delete the test for Melting Range or Temperature as the selective HPLC test for
Organic Impurities is sufficient to monitor impurities.

6. USP Aminobenzoic Acid RS, USP Tetracaine Related Compound B RS, and USP

Tetracaine Related Compound C RS are added in the USP Reference Standards 11
section to support the proposed revision in the test for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R. Prasad.)
Correspondence Number—C108314

Comment deadline: January 31, 2014
Tetracaine
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C15H24N2O2       264.36 

Benzoic acid, 4-(butylamino)-, 2-(dimethylamino)ethyl ester;     
2-(Dimethylamino)ethyl p-(butylamino)benzoate     [94-24-6].

DEFINITION

Change to read:

Tetracaine contains NLT 98.0% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of tetracaine (C15H24N2O2), calculated on the dried basis.

IDENTIFICATION

Delete the following:
•  A. Procedure

Sample solution: 100 mg in 10 mL of dilute hydrochloric acid (1 in 120)
Analysis 1: To the Sample solution add 1 mL of potassium thiocyanate solution (1 in 4).
Acceptance criteria 1: A crystalline precipitate is formed.

Analysis 2: Recrystallize the precipitate obtained in Analysis 1 from water, and dry at 80
for 2 h.

Acceptance criteria 2: The crystalline precipitate melts at 130 –132  (see Melting Range

or Temperature 741 ).

Add the following:

•  A. Infrared Absorption 197K  

Delete the following:
•  B. Procedure

Sample solution: Dissolve 90 mg in 10 mL of dilute hydrochloric acid (1 in 120) in a 500-mL
volumetric flask, and dilute with water to volume. Transfer 5.0 mL of this solution to a
100-mL volumetric flask, add 2 mL of Buffer No. 6, 10%, pH 6.0 (see Phosphate Buffers

and Other Solutions 81 ), and dilute with water to volume.
Standard solution: A solution (1 in 100,000) of USP Tetracaine Hydrochloride RS in a

mixture (50:1) of water and Buffer No. 6, 10%, pH 6.0 (see Phosphate Buffers and Other

Solutions 81 )
Acceptance criteria: The UV absorption spectrum of the Sample solution exhibits maxima

and minima at the same wavelengths as that of the Standard solution, and the respective
molar absorptivities calculated on the dried basis, at the wavelength of maximum
absorbance at about 310 nm do not differ by more than 2.0%. [Note—The molecular
weight of tetracaine hydrochloride (C15H24N2O2·HCl) is 300.82. ]

Add the following:
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY
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Change to read:
•  Procedure 
Prepare the standard solutions and sample solutions immediately before use or store them at a

temperature of 2 –8 , and protect from light.

Sample:  500 mg
Titrimetric system 

Mode:  Direct titration
Titrant:  0.1 M sodium nitrite VS
Endpoint detection:  Visual

Analysis:  Transfer the Sample to a suitable vessel. Add 5 mL of hydrochloric acid and 50 mL

of water. Cool to 15 , add about 25 g of crushed ice, and slowly titrate with Titrant, stirring
vigorously, until a glass rod dipped into the titrated solution produces an immediate blue ring
when touched to starch iodide paper. When the titration is complete, the endpoint is
reproducible after the mixture has been allowed to stand for 1 min. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 M sodium nitrite is
equivalent to 26.44 mg of C15H24N2O2.
Solution A:  1.36 g/L of monobasic potassium phosphate in water is prepared as follows.
Dissolve 1.36 g of monobasic potassium phosphate in about 600 mL of water, and add 0.5 mL
of phosphoric acid. Dilute with water to 1 L.
Solution B:  Acetonitrile
Solution C:  1.0 mL/L of hydrochloric acid
Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 80 20
3 80 20
18 40 60
23 40 60

23.1 80 20
28 80 20

Diluent:  Acetonitrile and Solution C (20:80)
Standard stock solution:  0.46 mg/mL of USP Tetracaine Hydrochloride RS in Diluent.

Sonicate for 5 min.
Standard solution:  0.046 mg/mL of USP Tetracaine Hydrochloride RS from Standard stock

solution in Diluent
Sample stock solution:  0.4 mg/mL of Tetracaine in Diluent. Sonicate for 5 min.
Sample solution:  0.04 mg/mL of Tetracaine from Sample stock solution in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 300 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperatures 
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Column:  30

Autosampler:  4
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:   Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of tetracaine (C15H24N2O2) in the portion of Tetracaine taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Tetracaine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Tetracaine in the Sample solution (mg/mL)
Mr1= molecular weight of tetracaine, 264.36
Mr2= molecular weight of tetracaine hydrochloride, 300.82

Acceptance criteria:  98.0%–101.0%
98.0%–102.0%

on the dried basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities

Chromatographic Purity 
Sample solution:  50 mg/mL in chloroform
Standard solution:  0.2 mg/mL of 4-(butylamino) benzoic acid in methanol
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  5 µL
Developing solvent system:  Chloroform, methanol, and isopropylamine (98:7:2)

Analysis 
Samples:  Standard solution and Sample solution

Develop the chromatogram in the Developing solvent system until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
chamber, and dry in a current of warm air. Examine the plate under short-wavelength
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UV light.

Acceptance criteria:  Any spot obtained from the Sample solution, other than the
principal spot, is not more intense than the principal spot obtained from the Standard
solution (0.4%), and the sum of the intensities of any such spots is not greater than
0.8%.

Solution A, Solution B, Solution C, Mobile phase, Diluent, and Chromatographic
system:  Proceed as directed in the Assay.
Standard solution:  4.6 µg/mL of USP Tetracaine Hydrochloride RS and 4 µg/mL each of

USP Tetracaine Related Compound B RS, USP Tetracaine Related Compound C RS, and
USP Aminobenzoic Acid RS in Diluent

Sample solution:  1 mg/mL of Tetracaine in Diluent
System suitability 

Sample:  Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between tetracaine and tetracaine related compound B
Relative standard deviation:  NMT 5.0% for tetracaine

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of aminobenzoic acid, tetracaine related compound B, and
tetracaine related compound C in the portion of Tetracaine taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of corresponding tetracaine related compound from the Sample
solution

rS= peak response of corresponding tetracaine related compound from the Standard
solution

CS= concentration of corresponding tetracaine related compound in the Standard solution
(mg/mL)

CU= concentration of Tetracaine in the Sample solution (mg/mL)

Calculate the percentage of each unspecified impurity in the portion of Tetracaine
taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response of each unspecified impurity from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Tetracaine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Tetracaine in the Sample solution (mg/mL)
Mr1= molecular weight of tetracaine, 264.36
Mr2= molecular weight of tetracaine hydrochloride, 300.82

Acceptance criteria:  See Table 2. Disregard any impurity peaks less than 0.05%.

Table 2

PF 39(6): Nov.-Dec. 2013 438



Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Aminobenzoic acida 0.3 0.4
Tetracaine hydrochloride 1 —
Tetracaine related compound B 1.7 0.4
Tetracaine related compound C 2.1 0.4
Individual unspecified impurity — 0.4
Total impurities — 0.8

a  4-Aminobenzoic acid.

SPECIFIC TESTS

Delete the following:

•  Melting Range or Temperature, Class I 741 : 41 –46  

•  Loss on Drying 731
Analysis:  Dry under vacuum over phosphorus pentoxide for 18 h.
Acceptance criteria:  NMT 0.5%

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.

Change to read:

•  USP Reference Standards 11
USP Aminobenzoic Acid RS  

USP Tetracaine Hydrochloride RS 
USP Tetracaine Related Compound B RS  

4-(Butylamino)benzoic acid. 
C11H15NO2l      193.24

USP Tetracaine Related Compound C RS  
Methyl 4-(butylamino)benzoate. 
C12H17NO2      207.35

BRIEFING

Tetracaine Hydrochloride, USP 36 page 5331. As part of USP monograph modernization
efforts, it is proposed to make following changes:

1. The current titration-based Assay procedure is revised to a validated HPLC procedure.
The liquid chromatographic procedure in the Assay is based on analyses performed
with the Waters Symmetry C18 brand of L1 column. The typical retention time for
tetracaine is about 7.3 min.

2. The nonspecific TLC test for Chromatographic Purity is replaced with an Organic
Impurities HPLC procedure. This procedure is adopted from the current monograph
for Tetracaine Hydrochloride in the European Pharmacopoeia and is based on
analyses performed with the Waters Symmetry C18 brand of L1 column. The typical
retention time for tetracaine is about 8 min.
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3. The Acceptance criteria in the Definition is changed from "NLT 98.5% and NMT 101.0%"
to "NLT 98.0% and NMT 102.0%", which are typical for chromatographic procedures.

4. Identification tests A and B are deleted, and a specific IR identification along with
selective orthogonal HPLC identification are added to strengthen the monograph.

5. USP Aminobenzoic Acid RS, USP Tetracaine Related Compound B RS, and USP
Tetracaine Related Compound C RS are added in the USP Reference Standards
section to support the proposed revision for Organic Impurities.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM4: R. Prasad.)
Correspondence Number—C111849

Comment deadline: January 31, 2014
Tetracaine Hydrochloride
C15H24N2O2·HCl       300.82 

Benzoic acid, 4-(butylamino)-, 2-(dimethylamino)ethyl ester, monohydrochloride;     
2-(Dimethylamino)ethyl p-(butylamino)benzoate monohydrochloride     [136-47-0].

DEFINITION

Change to read:

Tetracaine Hydrochloride contains NLT 98.5% and NMT 101.0%
NLT 98.0% and NMT 102.0%

of tetracaine hydrochloride (C15H24N2O2·HCl), calculated on the anhydrous basis.

IDENTIFICATION

Delete the following:

•  A. Ultraviolet Absorption 197U
Sample solution: Dissolve 50 mg of Tetracaine Hydrochloride in water to make 250.0 mL.

Pipet 5 mL of this solution into a 100-mL volumetric flask, add 2 mL of Buffer No. 6, 10%,

pH 6.0 (see Antibiotics—Microbial Assays 81 ), then dilute with water to volume. For
the purposes of this test, Buffer No. 6, 10%, pH 6.0 does not have to be sterilized.

Acceptance criteria: Absorptivities at 310 nm, calculated on the anhydrous basis, do not
differ by more than 2.0%.

Add the following:

•  A. Infrared Absorption 197K  

Delete the following:
•  B. Procedure

Sample solution: 100 mg in 10 mL of water
Analysis: To the Sample solution add 1 mL of potassium thiocyanate solution (1 in 4). A

crystalline precipitate is formed. Recrystallize the precipitate from water, and dry at 80
for 2 h.
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Acceptance criteria: The crystalline precipitate melts at 130 –132 .

Change to read:
•  C

B.

Identification Tests—General, Chloride 191
Sample solution:  20 mg/mL
Acceptance criteria:  Meets the requirements

Add the following:
•  C. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay. 

ASSAY

Change to read:
•  Procedure

Sample:  500 mg
Titrimetric system 

(See Titrimetry 451 .)

Mode:  Direct titration
Titrant:  0.1 M sodium nitrite VS
Endpoint detection:  Potentiometric

Analysis:  Transfer the Sample to a suitable vessel. Add 5 mL of hydrochloric acid and 50

mL of water. Proceed as directed under Nitrite Titration 451 , beginning with "Cool to

15 ". Each mL of 0.1 M sodium nitrite is equivalent to 30.08 mg of tetracaine
hydrochloride (C15H24N2O2 ·HCl.)

Acceptance criteria:  98.5%–101.0%

Prepare the Standard solution and the Sample solution immediately before use, or store them

at a temperature of 2 –8 . Protect them from light.
Buffer:  1.36 g/L of monobasic potassium phosphate in water prepared as follows. Dissolve

1.36 g of monobasic potassium phosphate in about 600 mL water, and add 0.5 mL of
phosphoric acid. Dilute with water to 1 L.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Buffer
(%)

Acetonitrile
(%)

0 80 20
3 80 20
18 40 60
23 40 60

23.1 80 20
28 80 20

Diluent:  Acetonitrile and water (20:80)
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Standard stock solution:  0.4 mg/mL of USP Tetracaine Hydrochloride RS in Diluent.
Sonicate for 5 min.

Standard solution:  0.04 mg/mL of USP Tetracaine Hydrochloride RS from the Standard
stock solution in Diluent

Sample stock solution:  0.4 mg/mL of Tetracaine Hydrochloride in Diluent. Sonicate for 5
min.

Sample solution:  0.04 mg/mL of Tetracaine Hydrochloride from the Sample stock solution
in Diluent

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 300 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  4
Flow rate:  1.5 mL/min
Injection volume:  10 µL

System suitability 
Sample:  Standard solution
Suitability requirements 

Tailing factor:  NMT 1.5
Relative standard deviation:  NMT 0.73%

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of tetracaine hydrochloride (C15H24N2O2·HCl) in the portion of
Tetracaine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution

rS= peak response from the Standard solution

CS= concentration of USP Tetracaine Hydrochloride RS in the Standard solution (mg/mL)

CU= concentration of Tetracaine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  98.0%–102.0% on the anhydrous basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%

Change to read:
•  Organic Impurities

Chromatographic Purity 
Sample solution:  50 mg/mL

USP38

PF 39(6): Nov.-Dec. 2013 442



Standard solution:  0.2 mg/mL of 4-(butylamino) benzoic acid in methanol
Chromatographic system 

(See Chromatography 621 , Thin-Layer Chromatography.)

Mode:  TLC
Adsorbent:  0.25-mm layer of chromatographic silica gel mixture
Application volume:  5 µL
Developing solvent system:  Chloroform, methanol, and isopropylamine (98:7:2)

Analysis 
Samples:  Standard solution and Sample solution

Apply the samples to a suitable thin-layer chromatographic plate. Develop the
chromatogram in the Developing solvent system until the solvent front has moved
about three-fourths of the length of the plate. Remove the plate from the chamber,
and dry in a current of warm air. Examine the plate under short-wavelength UV light.

Acceptance criteria:  Any spot from the Sample solution other than the principal spot is
not more intense than the principal spot from the Standard solution (0.4%), and the
sum of the intensities of any such spots is not greater than 0.8%.

Buffer, Mobile phase, Diluent, and Chromatographic system:  Proceed as directed in
the Assay.
Standard solution:  0.004 mg/mL each of USP Tetracaine Hydrochloride RS, USP

Tetracaine Related Compound B RS, USP Tetracaine Related Compound C RS, and USP
Aminobenzoic Acid RS in Diluent

Sample solution:  1 mg/mL of Tetracaine Hydrochloride in Diluent
System suitability 

Sample:   Standard solution
[Note—See Table 2 for the relative retention times.]
Suitability requirements 

Resolution:  NLT 5.0 between tetracaine and tetracaine related compound B
Relative standard deviation:  NMT 5.0% for tetracaine hydrochloride

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of aminobenzoic acid, tetracaine related compound B, and
tetracaine related compound C in the portion of Tetracaine Hydrochloride taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response of corresponding tetracaine related compound from the Sample
solution

rS= peak response of corresponding tetracaine related compound from the Standard
solution

CS= concentration of corresponding tetracaine related compound in the Standard solution
(mg/mL)

CU= concentration of Tetracaine Hydrochloride in the Sample solution (mg/mL)

Calculate the percentage of each unspecified impurity in the portion of Tetracaine
Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100

rU= peak response of each unspecified impurity from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tetracaine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of Tetracaine Hydrochloride in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. Disregard any impurity peaks less than 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Aminobenzoic acida 0.3 0.4
Tetracaine hydrochloride 1 —
Tetracaine hydrochloride related compound B 1.7 0.4
Tetracaine hydrochloride related compound C 2.1 0.4
Individual unspecified impurity — 0.4
Total impurities — 0.8

a  4-Aminobenzoic acid.

SPECIFIC TESTS

•  Water Determination, Method I 921 : NMT 2.0%

•  Sterility Tests 71 : Where the label states that Tetracaine Hydrochloride is sterile, it
meets the requirements.

•  Bacterial Endotoxins Test 85 : Where the label states that Tetracaine Hydrochloride is
sterile or must be subjected to further processing during the preparation of injectable or
other sterile dosage forms, it contains NMT 0.7 USP Endotoxin Unit/mg of tetracaine
hydrochloride.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in tight, light-resistant containers.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable or other sterile dosage forms.

Change to read:

•  USP Reference Standards 11
USP Aminobenzoic Acid RS  

USP Endotoxin RS
USP Tetracaine Hydrochloride RS 
USP Tetracaine Related Compound B RS  

4-(Butylamino)benzoic acid. 
C11H15NO2l      193.24

USP Tetracaine Related Compound C RS  
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Methyl 4-(butylamino)benzoate. 
C12H17NO2      207.35

BRIEFING

Tigecycline. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with the Prodigy ODS2 brand of L1
column. The Luna C18(2) brand of L1 column is also suitable for the Assay procedure. The
typical retention time for tigecycline is 12 min. The liquid chromatographic procedure in the
test for Organic Impurities is based on analyses performed with the Luna C18 brand of L1
column. The typical retention time for tigecycline is 20 min.

(SM1: A. Wise.)
Correspondence Number—C118619

Comment deadline: January 31, 2014

Add the following:
Tigecycline

C29H39N5O8       585.65 

2-Naphthacenecarboxamide, 4,7-bis(dimethylamino)-9-[[[(1,1-
dimethylethyl)amino]acetyl]amino]-1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a-tetrahydroxy-
1,11-dioxo-, (4S,4aS,5aR,12aS)-;     
(4S,4aS,5aR,12aS)-9-[2-(tert-Butylamino)acetamido]-4,7-bis(dimethylamino)-
1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxo-2-
naphthacenecarboxamide     [220620-09-7].

DEFINITION

Tigecycline contains NLT 97.0% and NMT 102.0% of tigecycline (C29H39N5O8), calculated on
the anhydrous and solvent-free basis.
[Note—Handle Standards and samples under moisture-controlled conditions to prevent
degradation in quantitative applications where degradation could impact results.]

IDENTIFICATION

•  A. Infrared Absorption 197K
•  B. The retention time of the major peak of the Sample solution corresponds to that of the

Standard solution, as obtained in the Assay.

USP38

PF 39(6): Nov.-Dec. 2013 445



ASSAY
•  Procedure 

Protect solutions containing tigecycline from light using low-actinic glassware. Store these

solutions at 10  immediately after preparation and during analysis.
Buffer:  4.35 g/L of dibasic potassium phosphate and 0.93 g/L of edetate disodium,

adjusted with phosphoric acid to a pH of 6.2
Mobile phase:  Acetonitrile and Buffer (140:860)
Diluent:  4.35 g/L of dibasic potassium phosphate and 0.5 g/L of sodium bisulfite, adjusted

with 1 N potassium hydroxide to a pH of 8.0
System suitability stock solution:  Dissolve 10 mg of USP Tigecycline RS in 10.0 mL of

water. Add 1 or 2 drops of trifluoroacetic acid, heat at about 65  for 15 min, and cool.
System suitability solution:  Dilute 5.0 mL of the System suitability stock solution with

water to 50.0 mL.
Standard solution:  0.1 mg/mL of USP Tigecycline RS in Diluent
Sample solution:  0.1 mg/mL of Tigecycline in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 248 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  10
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for the tigecycline epimer and tigecycline are about 0.67
and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the tigecycline epimer and tigecycline, System suitability
solution

Tailing factor:  0.7–1.5, Standard solution
Relative standard deviation:  NMT 1.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tigecycline (C29H39N5O8) in the portion
of Tigecycline taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tigecycline RS in the Standard solution (mg/mL)
CU= concentration of Tigecycline in the Sample solution (mg/mL)
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Acceptance criteria:  97.0%–102.0% on the anhydrous and solvent-free basis

IMPURITIES

•  Residue on Ignition 281 : NMT 0.1%
•  Organic Impurities 

Protect solutions containing tigecycline from light using low-actinic glassware. Store these

solutions at 10  immediately after preparation and during analysis.
Solution A:  Dissolve 4.35 g of dibasic potassium phosphate and 0.93 g of edetate disodium

in 950 mL of water. Adjust with phosphoric acid to a pH of 6.4 ± 0.05, and add 50 mL of
acetonitrile.

Solution B:  Dissolve 4.35 g of dibasic potassium phosphate and 0.93 g of edetate disodium
in 500 mL of water. Adjust with phosphoric acid to a pH of 6.4 ± 0.05, and add 500 mL of
acetonitrile.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
40 57 43
55 0 100
58 0 100
59 85 15
66 85 15

Diluent:  4.35 g/L of dibasic potassium phosphate and 0.5 g/L of sodium bisulfite, adjusted
with 1 N potassium hydroxide to a pH of 8.0

System suitability solution:  0.5 mg/mL of USP Tigecycline RS and 2.4 µg/mL of USP
Tigecycline Related Compound B RS in Diluent

Standard solution:  0.005 mg/mL of USP Tigecycline RS in Diluent
Sensitivity solution:  0.25 µg/mL of USP Tigecycline RS in Diluent
Sample solution:  0.5 mg/mL of Tigecycline in Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  248 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Temperatures 

Column:  30

Autosampler:  10
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 1.5 between tigecycline related compound B and the tigecycline
epimer, System suitability solution

PF 39(6): Nov.-Dec. 2013 447



Tailing factor:  0.7–1.5, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tigecycline taken:

Result = (rU/rS) × (CS/CU) ×100

rU= peak response of each impurity from the Sample solution
rS= peak response of tigecycline from the Standard solution
CS= concentration of USP Tigecycline RS in the Standard solution (mg/mL)
CU= concentration of Tigecycline in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Specified unidentified impurity 0.12 0.15
Specified unidentified impurity 0.23 0.15

Tigecycline open ringa,b 0.36 0.020
Specified unidentified impurity 0.50 0.15
Specified unidentified impurity 0.55 0.15

Tigecycline related compound Bc 0.64 0.25

Tigecycline epimerd 0.74 1.0
Specified unidentified impurity 0.76 0.15
Tigecycline 1.0 —
Specified unidentified impurity 1.3 0.15
Specified unidentified impurity 1.5 0.15
Minocycline 1.6 0.25
Specified unidentified impurity 1.7 0.15
Specified unidentified impurity 1.9 0.15
Any individual unspecified impurity — 0.10
Total impurities — 2.2

a  To be reported if there is a peak with maximum absorbance at either 390 or 640 nm. The
impurity is quantitated at 248 nm. The system may resolve two peaks. The limit is for the
sum of the two peaks.

b  (4S,4aS,5aR,12aS)-4,7-Bis(dimethylamino)-3,10,12,12a-tetrahydroxy-9-nitro-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.

c  (4S,4aS,5aR,12aS)-9-Amino-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide hydrochloride.

d  (4R,4aS,5aR,12aS)-9-[2-(tert-Butylamino)acetamido]-4,7-bis(dimethylamino)-
1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxo-2-
naphthacenecarboxamide.
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SPECIFIC TESTS

•  pH 791
Sample solution:  10 mg/mL
Acceptance criteria:  7.7–8.2

•  Water Determination, Method Ic 921
Sample solution:  50 mg/mL of Tigecycline in dimethyl sulfoxide
Acceptance criteria:  NMT 2.5%

•  Optical Rotation, Specific Rotation 781S
Sample solution:  1 mg/mL

Acceptance criteria:  240  to 215  on the anhydrous and solvent-free basis

•  Bacterial Endotoxins Test 85 : Where the label states that Tigecycline is sterile or must
be subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 1 USP Endotoxin Unit/mg of tigecycline.

ADDITIONAL REQUIREMENTS
•  Packaging and Storage: Preserve in air-tight, light-resistant containers under nitrogen, and

store refrigerated.
•  Labeling: Where it is intended for use in preparing injectable dosage forms, the label states

that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.

•  USP Reference Standards 11
USP Endotoxin RS
USP Tigecycline RS 
USP Tigecycline Related Compound B RS  

(4S,4aS,5aR,12aS)-9-Amino-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide hydrochloride.     
C23H28N4O7·HCl      508.95

BRIEFING

Tigecycline for Injection. Because there is no existing USP monograph for this dosage form, a
new monograph, based on validated methods of analysis, is proposed. The liquid
chromatographic procedure in the Assay is based on analyses performed with the Prodigy
ODS2 brand of L1 column. The Luna C18(2) brand of L1 column is also suitable for the Assay
procedure. The typical retention time for tigecycline is 12 min. The liquid chromatographic
procedure in the test for Organic Impurities is based on analyses performed with the Luna
C18 brand of L1 column. The typical retention time for tigecycline is 18 min.

(SM1: A. Wise.)
Correspondence Number—C118620

Comment deadline: January 31, 2014

Add the following:
Tigecycline for Injection

DEFINITION

USP38
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Tigecycline for Injection contains NLT 96.0% and NMT 116.0% of the labeled amount of
tigecycline (C29H39N5O8). It may contain suitable stabilizers and buffers.
[Note—Handle standards and samples under moisture-controlled conditions to prevent
degradation in quantitative applications where degradation could impact results.]

IDENTIFICATION

•  A. Infrared Absorption 197K
Analysis:  Disregard peaks due to stabilizers and buffers.
Acceptance criteria:  Meets the requirements

•  B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.

ASSAY
•  Procedure 

Protect solutions containing tigecycline from light using low-actinic glassware. Store these

solutions at 10  immediately after preparation and during analysis.
Buffer:  4.35 g/L of dibasic potassium phosphate and 0.93 g/L of edetate disodium,

adjusted with phosphoric acid to a pH of 6.2
Mobile phase:  Acetonitrile and Buffer (140:860)
Diluent:  4.35 g/L of dibasic potassium phosphate and 0.5 g/L of sodium bisulfite, adjusted

with 1 N potassium hydroxide to a pH of 8.0
System suitability stock solution:  Dissolve 10 mg of USP Tigecycline RS in 10.0 mL of

water. Add 1 or 2 drops of trifluoroacetic acid, heat at about 65  for 15 min, and cool.
System suitability solution:  Dilute 5.0 mL of the System suitability stock solution with

water to 50.0 mL.
Standard solution:  0.1 mg/mL of USP Tigecycline RS in Diluent
Sample solution:  Nominally 0.1 mg/mL of tigecycline from Tigecycline for Injection in

Diluent
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  UV 248 nm
Column:  4.6-mm × 15-cm; 5-µm packing L1
Temperatures 

Column:  30

Autosampler:  10
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution and Standard solution

[Note—The relative retention times for the tigecycline epimer and tigecycline are about 0.67
and 1.0, respectively.]
Suitability requirements 

Resolution:  NLT 3.0 between the tigecycline epimer and tigecycline, System suitability
solution
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Tailing factor:  0.7–1.5, Standard solution
Relative standard deviation:  NMT 1.1%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of tigecycline (C29H39N5O8) in the portion
of Tigecycline for Injection taken:

Result = (rU/rS) × (CS/CU) × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Tigecycline RS in the Standard solution (mg/mL)
CU= nominal concentration of tigecycline in the Sample solution (mg/mL)

Acceptance criteria:  96.0%–116.0%

PERFORMANCE TESTS

•  Uniformity of Dosage Units 905 : Meets the requirements

IMPURITIES
•  Organic Impurities 

Protect solutions containing tigecycline from light using low-actinic glassware. Store these

solutions at 10  immediately after preparation and during analysis.
Solution A:  Dissolve 4.35 g of dibasic potassium phosphate and 0.93 g of edetate disodium

in 950 mL of water. Adjust with phosphoric acid to a pH of 6.4 ± 0.05, and add 50 mL of
acetonitrile.

Solution B:  Dissolve 4.35 g of dibasic potassium phosphate and 0.93 g of edetate disodium
in 500 mL of water. Adjust with phosphoric acid to a pH of 6.4 ± 0.05, and add 500 mL of
acetonitrile.

Mobile phase:  See Table 1.

Table 1

Time
(min)

Solution A
(%)

Solution B
(%)

0 85 15
40 57 43
55 0 100
58 0 100
59 85 15
66 85 15

Diluent:  4.35 g/L of dibasic potassium phosphate and 0.5 g/L of sodium bisulfite, adjusted
with 1 N potassium hydroxide to a pH of 8.0

System suitability solution:  0.5 mg/mL of USP Tigecycline RS and 2.4 µg/mL of USP
Tigecycline Related Compound B RS in Diluent

Standard solution:  0.005 mg/mL of USP Tigecycline RS in Diluent
Sensitivity solution:  0.25 µg/mL of USP Tigecycline RS in Diluent
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Sample solution:  Nominally 0.5 mg/mL of tigecycline in Diluent from the combined contents
of NLT 5 vials

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  248 nm
Column:  4.6-mm × 15-cm; 3-µm packing L1
Temperatures 

Column:  30

Autosampler:  10
Flow rate:  1 mL/min
Injection volume:  25 µL

System suitability 
Samples:  System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements 

Resolution:  NLT 1.5 between tigecycline related compound B and the tigecycline
epimer, System suitability solution

Tailing factor:  0.7–1.5, Standard solution
Relative standard deviation:  NMT 5.0%, Standard solution
Signal-to-noise ratio:  NLT 10, Sensitivity solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of each impurity in the portion of Tigecycline for Injection
taken:

Result = (rU/rS) × (CS/CU) ×100

rU= peak response of each impurity from the Sample solution
rS= peak response of tigecycline from the Standard solution
CS= concentration of USP Tigecycline RS in the Standard solution (mg/mL)
CU= nominal concentration of tigecycline in the Sample solution (mg/mL)

Acceptance criteria:  See Table 2. The reporting threshold is 0.05%.

Table 2

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Tigecycline open ringa,b 0.36 0.15

Tigecycline 12-oxo-11-hydroxyc 0.55 0.5

Tigecycline related compound Bd 0.64 0.7

Tigecycline epimere 0.74 2.0
Tigecycline 1.0 —

Tigecycline quinine analogf 1.3 0.3

Minocyclineg 1.6 —
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Tigecycline tricyclic analogh 1.7 0.5
Any individual unspecified degradation product — 0.2
Total degradation products — 6.0

a  To be reported if there is a peak with maximum absorbance at either 390 or 640 nm. The
impurity is quantitated at 248 nm. The system may resolve two peaks. The limit is for the
sum of the two peaks.

b  (4S,4aS,5aR,12aS)-4,7-Bis(dimethylamino)-3,10,12,12a-tetrahydroxy-9-nitro-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide.

c  (4S,4aS,12aS)-9-[2-(tert-Butylamino)acetamido]-4,7-bis(dimethylamino)- 3,10,11,12a-
tetrahydroxy-1,12-dioxo-1,4,4a,5,12,12a-hexahydro-2-naphthacenecarboxamide.

d  (4S,4aS,5aR,12aS)-9-Amino-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide hydrochloride.

e  (4R,4aS,5aR,12aS)-9-[2-(tert-Butylamino)acetamido]-4,7-bis(dimethylamino)-
1,4,4a,5,5a,6,11,12a-octahydro-3,10,12,12a-tetrahydroxy-1,11-dioxo-2-
naphthacenecarboxamide.

f  (S)-4-({6-[2-(tert-Butylamino)acetamido]-8-(dimethylamino)-5-hydroxy-4-oxo-1,2,3,4-
tetrahydronaphthalen-2-yl}methyl)-2,5-dihydroxy-3,6-dioxocyclohexa-1,4-
dienecarboxamide.

g  Process impurities are controlled in the drug substance and are not to be reported here.
They are not included in total impurities.

h  (1S,4aR,4bR,10aR,11aS)-7-[2-(tert-Butylamino)acetamido]-9-(dimethylamino)-1,4,4a,6-
tetrahydroxy-2,5,12-trioxo-1,2,4a,5,10,10a,11,11a-octahydro-1,4b-
methanobenzo[b]fluorene-3-carboxamide.

SPECIFIC TESTS

•  pH 791
Sample solution:  Use the solution constituted as directed in the labeling.
Acceptance criteria:  4.5–5.5

•  Particulate Matter in Injections 788
Sample solution:  Use the solution constituted as directed in the labeling.
Acceptance criteria:  Meets the requirements

•  Bacterial Endotoxins Test 85 : NMT 1.75 USP Endotoxin Units/mg

•  Sterility Tests 71 : Meets the requirements

•  Other Requirements: Meets the requirements in Injections 1

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve as described in Injections 1 , Packaging, Containers
for Sterile Solids. Store at controlled room temperature.

•  Labeling: Label it to indicate its stabilizer content.

•  USP Reference Standards 11
USP Endotoxin RS
USP Tigecycline RS 
USP Tigecycline Related Compound B RS  

(4S,4aS,5aR,12aS)-9-Amino-4,7-bis(dimethylamino)-3,10,12,12a-tetrahydroxy-1,11-
dioxo-1,4,4a,5,5a,6,11,12a-octahydrotetracene-2-carboxamide hydrochloride.     

PF 39(6): Nov.-Dec. 2013 453



C23H28N4O7·HCl      508.95

BRIEFING

Vinorelbine Injection, USP 36 page 5574. On the basis of comments received, the following
changes are proposed:

1. Relative retention is replaced with Resolution and Relative standard deviation in System
suitability in the Assay to be consistent with the system suitability requirement in the
Assay of the Vinorelbine Tartrate monograph. The Assay procedures are similar in the
Vinorelbine Injection and Vinorelbine Tartrate monographs.

2. Relative retention is replaced with Resolution in System suitability in the test for
Organic Impurities.

3. The wavelength of 267 nm is specified in the test for Organic Impurities.
4. The photodegradation product is specified as 3,6-epoxy vinorelbine in the test for

Organic Impurities.
5. The disregard limit in the test for Organic Impurities is revised from “less than 0.02%”

to “less than 0.1%” to be consistent with the ICH guideline. Consequently, the
Standard solution and Diluted standard solution in the test for Organic Impurities are
deleted.

Additionally, minor editorial changes have been made to update the monograph to current USP
style.

(SM3: F. Mao.)
Correspondence Number—C128125

Comment deadline: January 31, 2014
Vinorelbine Injection

DEFINITION

Vinorelbine Injection is a sterile solution of Vinorelbine Tartrate in Water for Injection. It
contains NLT 90.0% and NMT 110.0% of the labeled amount of vinorelbine (C45H54N4O8).
[Caution—Handle Vinorelbine Injection with great care because it is a potent cytotoxic agent.]

IDENTIFICATION
•  A. The retention time and UV spectrum of the major peak of the Sample solution correspond

to those of the Standard solution, as obtained in the Assay.

ASSAY

Change to read:
•  Procedure

Buffer:  Dissolve 6.9 g of monobasic sodium phosphate in 900 mL of water. Adjust with
phosphoric acid to a pH of 4.2, and dilute with water to 1000 mL.

Mobile phase:  Dissolve 1.22 g of sodium 1-decanesulfonate in 620 mL of methanol, and
add 380 mL of Buffer.

System suitability solution:  Prepare a solution containing 1.4 mg/mL of USP Vinorelbine
Tartrate RS and 0.01 mg/mL of USP Vinorelbine Related Compound A RS in water. Expose a

USP38
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portion of this solution in a suitable xenon lamp apparatus capable of supplying a dose of
1600 KJ/m2 between 310 and 800 nm at a power of 500 W/m2 for 1 h to generate an
additional photodegradation product, 3,6-epoxy vinorelbine.

Standard solution:  0.14 mg/mL of USP Vinorelbine Tartrate RS in water
Sample solution:  Nominally equivalent to 0.1 mg/mL of vinorelbine in water, from Injection
Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Diode-array
Column:  3.9-mm × 15-cm; packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL

System suitability 
Samples:  System suitability solution
and Standard solution

[Note—The relative retention times for 3,6-epoxy vinorelbine, vinorelbine, and vinorelbine
related compound A are 0.8, 1.0, and 1.2, respectively.]

Suitability requirements 
Relative retention, r:  NLT 1.1 between vinorelbine and vinorelbine related compound A

Resolution:  NLT 1.5 between vinorelbine and vinorelbine related compound A, System
suitability solution
Relative standard deviation:  NLT 2.0%, Standard solution

Analysis 
Samples:  Standard solution and Sample solution

Calculate the percentage of the labeled amount of vinorelbine (C45H54N4O8) in the portion
of Injection taken:

Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100

rU= peak response from the Sample solution at 267 nm
rS= peak response from the Standard solution at 267 nm
CS= concentration of USP Vinorelbine Tartrate RS in the Standard solution (mg/mL)
CU= nominal concentration of vinorelbine in the Sample solution (mg/mL)
Mr1= molecular weight of vinorelbine, 778.93
Mr2= molecular weight of vinorelbine tartrate, 1079.11

Acceptance criteria:  90.0%–110.0%

IMPURITIES

Change to read:
•  Organic Impurities

Mobile phase and System suitability solution:  Proceed as directed in the Assay.
Standard solution:  1.4 mg/mL of USP Vinorelbine Tartrate RS in Mobile phase
Diluted standard solution:  0.28 µg/mL of vinorelbine tartrate in Mobile phase, from

Standard solution

USP38

USP38
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Sample solution:  Nominally equivalent to 1.0 mg/mL of vinorelbine in Mobile phase, from
Injection

Chromatographic system  

(See Chromatography 621 , System Suitability.)
Mode:  LC
Detector:  Diode-array
UV 267 nm

Column:  3.9-mm × 15-cm; packing L1

Column temperature:  40
Flow rate:  1 mL/min
Injection volume:  20 µL
Run time: 3 times the retention time of the vinorelbine peak

Disregard any peaks with an area less than or equal to one-half of the area of the
vinorelbine peak in the Diluted standard solution.

 
System suitability 

Sample:  System suitability solution
Suitability requirements 

Relative retention, r:  NLT 1.1 between vinorelbine and vinorelbine related compound A
Resolution:  NLT 1.5 between vinorelbine and vinorelbine related compound A

Analysis 
Sample:  Sample solution

Calculate the percentage of each impurity in the portion of Injection taken:

Result = (rU/rT) × 100

rU= peak response of each impurity from the Sample solution
rT= sum of all of the peak responses from the Sample solution

Acceptance criteria:  See Table 1. Disregard any peaks that are below the limit of
quantitation (0.02%)
less than 0.1%.

Table 1

Name

Relative
Retention

Time

Acceptance
Criteria,
NMT (%)

Photodegradation product
3,6-Epoxy vinorelbine

a 0.8 1.0
Vinorelbine 1.0 —

Vinorelbine related compound Ab 1.2 0.3
Any unspecified impurity — 0.2
Total impurities — 2.0

USP38

USP38

USP38

USP38

USP38

USP38
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a  3¢,4¢,7,8-Tetradehydro-3,4¢-dideoxy-3,6-epoxy-6,7-dihydro-8¢-norvincaleukoblastine.
b  4-O-Deacetylvinorelbine.

SPECIFIC TESTS
•  Clarity of Solution

Sample solution:  10 mg/mL
Acceptance criteria:  The solution is clear.

•  Color of Solution
Sample solution:  10 mg/mL
Analysis:  Determine the absorbance of the Sample solution in a 1-cm cell at 420 nm in a

suitable spectrophotometer, using water as the blank.
Acceptance criteria:  NMT 0.060

•  Bacterial Endotoxins Test 85 : It contains NMT 3.0 USP Endotoxin Units/mg of
vinorelbine.

•  Sterility Tests 71 : Meets the requirements when tested as directed in Test for Sterility
of the Product to Be Examined, Membrane Filtration

•  pH 791 : 3.3–3.8

•  Particulate Matter in Injections 788 : Meets the requirements for small-volume
injections

•  Other Requirements: It meets the requirements in Injections 1 .

ADDITIONAL REQUIREMENTS

•  Packaging and Storage: Preserve in single-dose containers as described in Injections 1 ,
Containers for Injections, preferably of Type I glass, protected from light. Store in a
refrigerator.

•  USP Reference Standards 11
USP Endotoxin RS
USP Vinorelbine Related Compound A RS  

4-O-Deacetylvinorelbine.     
C43H52N4O7·2C4H6O6       1037.07

USP Vinorelbine Tartrate RS 
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Stage 4 Harmonization

This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.

Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.

Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.

Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.

Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.

Stage 5: Consensus

A. Provisional

The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.

B. Final

The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.

Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

STIMULI TO THE REVISION PROCESS

This section may contain the following:

• reports or statements of Expert Committees

• original research reports

• evaluations of new and existing pharmacopeial methods

• commentaries

• articles relevant to compendial issues.

These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.

Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.

Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.

Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.

References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.

Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.

Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below). 
USP Code of Ethics: 
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html 
ICMJE Uniform Requirements: 
http://www.icmje.org/urm_main.html 
ICMJE Conflicts of Interest: 
http://www.icmje.org/ethical_4conflicts.html

Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.

Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:

Pharmacopeial Forum

Executive Secretariat, USP

12601 Twinbrook Pkwy.

Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies

of the USPC or the USP Council of Experts

Development and Application of MVTR/Unit Data in Regulatory Submissions

PQRI Container–Closure Working Group:a J Bergum, Y Chen, D Hunt,b H Lockhart, D Malinowski,
C Moreton, D O'Reilly, and F Wiltulski

ABSTRACT USP general chapter Containers—Performance Testing 671  was revised

recently, and this Stimuli article explains how and why the revisions to 671  were made. The

new method in the proposed revision to 671  provides a test for determining the moisture
vapor transmission rate (MVTR) of the container–closure system. This test is capable of
differentiating among high moisture barrier container–closure systems and is more relevant to

the needs of the pharmaceutical industry than the original method described in the current 

671 . This new method is both reliable and reproducible. The test conditions used are the
same as the accelerated stability storage conditions described in ICH Q1A(R2).1 
In addition, a justification is provided for the use of MVTR per unit dose (MVTR/m, where m =
mass of the dosage unit) to allow comparison of the moisture-barrier properties of different
container–closure systems used for packaging finished oral solid dosage forms. With knowledge
of 1) the MVTR for the container–closure system and 2) the performance of the product on
stability measures, a proven acceptable range (PAR) for MVTR/m can be established. For
container–closure systems that do provide an adequate moisture barrier, the MVTR/m can be
used to justify a change in packaging without having to undertake costly stability studies. 
Much of the information in support of the comments in this Stimuli article were generated by
the Container–Closure Working Group in the Product Quality Research Institute, which is
sponsored by the American Association for Pharmaceutical Sciences. The authors thank the
Working Group, PQRI, and AAPS for the information and effort.

INTRODUCTION 
Recently, the U.S. Pharmacopeial Convention (1) published a proposed revision to USP general

chapter Containers—Performance Testing 671  that incorporates a barrier performance
assessment method for container–closure systems used in packaging solid oral dosage forms.
This method is intended to be used by pharmaceutical manufacturers and aligns with ICH's
accelerated storage conditions for stability testing of pharmaceutical finished products. In
addition, this method is applicable to both high- and low-barrier performance packaging
systems. The primary intent was to improve accuracy for assessing the performance of high-
barrier packaging systems. The method provides a specific moisture vapor transmission value
for container–closure systems and is intended to be of sufficient sensitivity and precision to
allow clear differentiation of the moisture barrier performance across packaging systems.
Another advantage of the method is that the conditions used for testing are the same as the

ICH accelerated stability conditions for solid oral dosage forms [40 /75% relative humidity
(RH)]. Under these conditions, the method has demonstrated the ability, within a reasonable
period of time, to differentiate a wide range of moisture barrier properties for container–closure
systems of different solid oral dosage forms. The purpose of this Stimuli article is to provide
background on the research, development, and potential application of this method. 
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The most common cause for failure to meet specifications of packaged solid oral dosage forms
is their instability as a result of moisture uptake during storage. The failure is usually related to
out-of-specification or out-of-range values in any of the following quality attributes, or a
combination of them: assay, product degradants, dissolution rate, and other physical
properties. During the 1990s, it became apparent that there was no appropriate standard
method to determine and report the moisture vapor transmission rate (MVTR) performance of
container–closure systems used for packaging solid oral dosage forms. The existing methods are
highly variable, do not link to ICH stability conditions, and do not allow for discrimination or
comparison of the specific barrier performances of container–closure systems. The container–
closure systems used for packaging solid oral dosage forms are generally plastic bottles that
include a plastic closure with a foil seal over the bottle opening, or formed plastic and aluminum
blisters, with a foil seal over the blister cavity. These container–closure systems are considered
semi-permeable systems, and therefore the moisture barrier properties must be characterized
properly to demonstrate the relative MVTR performance required to protect solid oral dosage
forms from moisture uptake. 
For packaging systems containing more than one unit of product, the concept of normalizing
the MVTR of the container–closure system to the number of units contained in the system
allows for direct comparison of barrier performance, and demonstration of equivalent moisture
protection, when comparing a variety of container–closure systems that contain different
numbers of units. 
In January 2001, the Product Quality Research Institute (PQRI) tasked the Container–Closure
Working Group (CCWG) with finding a way to avoid unnecessary product stability testing for
solid oral dosage forms in instances where 1) the moisture uptake of the product is a critical
quality attribute (CQA) of the final packed product and 2) the use of MTVR/m can show that a
proposed container–closure system will provide adequate moisture protection and assure
product stability. 
Since that time the CCWG has published several papers, research studies, and test methods
that provide the linkage of container–closure MVTR performance to the relative moisture
protection required for solid oral dosage forms (2,3). This work culminated in the development
and publication of ASTM D7709-1,1 “Standard Test Methods for Measuring Water Vapor
Transmission (WVTR2) of Pharmaceutical Bottles and Blisters.”3 
This Stimuli article describes the scientific rationale for the method and the MVTR/m principle.
It also discusses two research reports on the robustness of the testing methodology for
determining the barrier performance of container–closure systems. Examples are provided, for
both industry and regulatory agencies, that show the potential applications of the principles
and test methods and demonstrate the benefits, e.g., number of FDA submissions, amount of
data included in submissions, and time required to implement a container–closure system
change.

RATIONALE FOR DETERMINATION AND USE OF MVTR/m 
In the absence of gross defects in containers, moisture migration through a sealed container
occurs mainly by diffusion of water molecules through the container wall (4). The rate of
moisture migration/permeation through the container wall is controlled by:

Apparent diffusion coefficient of water in the wall material (D)
Initial water activity in the wall material (pi)
Differential water activity across the wall (Dp)
Temperature at which diffusion occurs (T)
Surface area of container (A)
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Thickness of container wall (l)

The terms “water activity,” “water vapor pressure,” and “percentage relative humidity (%RH)”
are used interchangeably. 
The apparent diffusion coefficient (D) is a material property. Different packaging materials—
such as high-density polyethylene (HDPE), polyvinylchloride (PVC), PVC coated with an
emulsion of PVC (PVDC), polychlorotrifluoroethylene (PCTFE), low-density polyethylene (LDPE),
polypropylene (PP), polycycloolefins, polyethyleneterephthalate (PET), and various copolymers
—have different apparent diffusion coefficients and hence different moisture permeation rates.
For any given material, D is a function of temperature following the Arrhenius equation. Both D
and the permeation rate can increase exponentially as temperature rises. Therefore, permeation
results can be detected more easily at higher temperatures, which is an advantage for
measuring the permeability of high-barrier materials. 
At a constant temperature, the diffusion process in a system is determined by the initial
condition and the boundary conditions for the process (5). In the case of moisture permeation
through the container wall, the initial condition is the baseline water activity in the packaging
material (pi) before the permeation process, and the boundary conditions are the differential
water activity values across the container wall (Dp) during the process. Although it is known
that Dp is the driving force for the diffusion process, the dependency on the initial condition of
the packaging material is worth noting in that the dependency may appear in the experimental
data and affect the reliability of the data. Proper control of experimental conditions and careful
treatment of the data are required to obtain reliable results. 
When the water activity at the outer surface of a container is kept constant at pex, and at the
inner surface is kept at zero or a “sink” condition, mathematical expressions can describe the
cumulative amount of water diffused into the container to account for the effects of the
apparent diffusion coefficient, the boundary conditions, and the initial condition of the
container (5,6). When the total amount of water entering the outer surface of the container is
measured, the weight gain, Qt, includes the amounts of water absorbed by the wall material.
The amount of water that has diffused through the wall into a sink created by desiccants is
described by Equation 1, which approximates the container wall to a flat sheet:

Equation 1 shows that the moisture permeation profile may not be linear at early time points
because the exponential terms in the equation are not negligible over short time periods, i.e.,
the diffusion rate may be changing at the early stage. The data at the early time points are
also affected by the initial water activity in the wall material (pi), as shown by the third term in
Equation 1. Therefore, a simple calculation using two points from the early data is not suitable
for determination of the container permeation rate. 
If the permeation process is allowed to proceed with time, the exponential terms in Equation 1
become negligible and diffusion reaches steady state, at which the permeation rate does not
change with time. The time it takes to reach steady state depends primarily on the diffusion
coefficient and the thickness of the barrier (7). At steady state, Equation 1 can be simplified to

Equation 2 if the container is initially completely dry with pi = 0 and at t ® :
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If, instead, the container is initially equilibrated with the humidity under the test condition

where pi = pex at t ® , Equation 1 can be simplified to:

Differences between Equation 2 and Equation 3 show that, at steady state, the rate of weight
gain is constant and is independent of the initial condition of the container. A reliable
permeation rate, therefore, can be obtained from the permeation data at steady state. 
A linear weight gain over time during the moisture permeation study indicates that the steady
state has been reached. The MVTR, also known as water vapor transmission rate (WVTR)
through the container wall during steady state, can be found by differentiation of the linear
weight gain profile, based on either Equation 2 or Equation 3, for containers tested at constant
temperature with external water activity at constant pex and internal water activity at
essentially zero. The result is represented by Equation 4:

If the internal water activity is not zero but is kept at a constant value of p during the test,
Equation 4 can be modified as:

The apparent permeability coefficient of the container can be calculated by using Equation 6:
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K is the apparent permeability coefficient of the container–closure system of interest. K
includes the effects of surface area, thickness of the container wall, and the apparent diffusion
coefficient of the material. K is temperature dependent and increases with temperature. A
higher temperature, therefore, is advantageous for increasing the sensitivity of detection and
the efficiency/productivity of measuring a reliable MVTR for high-barrier materials. 
This analysis indicates the significance of the steady state and the control of experimental
conditions for determination of container moisture permeability. Equation 5 embodies the
theoretical basis for quantifying the moisture-barrier property of a given container at a given
temperature. It also provides the foundation for the experimental determination of the barrier
property of a given container–closure system. 
Accurate MVTR values can be used for different purposes, including characterization and
comparison of the moisture-barrier property of different containers, and selection of containers
for product protection against moisture. Another use for MVTR values is to justify post-
approval packaging changes for moisture protection of products that have data on stability in
existing containers available. All such applications are made possible by the use of the
container MVTR normalized by the number of dosage units (m) in the container (MVTR/m). The
scientific rationale for the use of the MVTR/m has been reported in the literature (4) and is
summarized below. 
In most cases, the water content in solid products and other solid components is related to the
equilibrium water vapor pressure in the headspace and can be expressed as moisture sorption
isotherm Ci.The total amount of water in a closed container can be expressed as:

where mi is the quantity of component i in the container, and 18pV/RT is the quantity of water
in the headspace. 
By mass balance, the amount of water permeated into a container must be distributed among
different components in the container. Assuming that the rate of permeation through the
container is the rate-limiting step, the rate of permeation and distribution of moisture at
equilibrium in the container can be expressed as:
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Rearranging and integrating Equation 8 produces Equation 9:

p0 = initial equilibrium water vapor pressure inside the container 
pt = water vapor pressure inside the container at time t 

Ci
0 = initial water content of component i 

Ci
t = water content of component i at time t 

For most packaged products with a reasonably small headspace, the first term on the left-hand
side of Equation 9 is negligibly small compared to the second term. By ignoring the first term
and substituting Equation 6 into Equation 9, a simplified Equation 10 is obtained:

For packages that contain solid product only, such as tablets in unit blisters or in bottles,
Equation 10 can be simplified and rearranged to:

where C1 is the water content of the product. 
The left-hand side of Equation 11 represents the water content of product at time t, and the
right-hand side of the equation is proportional to the normalized apparent permeability
(MVTR/m) in the container. Equation 11 shows clearly that the product water content during
storage depends on the container MVTR value, normalized to account for the number of dosage
units in the container. The equation provides the scientific basis for using the MVTR/m to
evaluate different container–closure systems.

EXPERIMENTATION SUMMARY 
To develop an improved method for measuring MVTR barrier performance, the PQRI CCWG
conducted two separate research studies, one on rigid container–closure systems (bottles) and
the other on flexible container–closure systems (blisters) (2,3). The study of HDPE bottles with
screw closures used foil seals in both the intact and broached (in-use) states. The study of
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blister packages included a range of four different barrier levels from low (PVC) to high

(coldform foil). Each study was conducted at the current USP (23 /75% RH) and ICH (40 /75%
RH) accelerated stability storage conditions. 
The objectives of the studies were to determine the time to reach steady-state MVTR, the
duration and number of data points needed for MVTR calculations, the variability across
samples and test labs, and the need for empty or control packages. Each study included
testing of container–closure systems with a range of barrier performance, multiple testing
conditions, and multiple testing labs. Weight gain profiles from each study and container–
closure system were developed and analyzed. On the basis of this information, specific
recommendations were made for the enhanced method of determining MVTR performance. The
test method parameters, associated calculations, and statistical analyses were then
incorporated and published in ASTM D7709-11.3 
The conclusions common to both studies were:

Performing studies at 40 /75% RH enhanced the ability to compare systems regarding
moisture-barrier performance.
Empty or control packages were not necessary.
For barrier systems, steady state was reached after 7 days; test duration should be 28
days after reaching steady state, with weighing at 7-day intervals.
For barrier systems, calculate the MVTR by linear regression analysis with 5 data points
from days 7–35.
Values should be reported in mg/day/package or cavity.

The flexible-package study provided additional data on low- or quasi-barrier systems. For these
systems, tests initially required 2 days, with two data points. 
The results of both research studies culminated in the development of a test method officially
published in ASTM as D7709-11.3 This test method incorporates all of the associated test
attributes from the research studies and has individual procedures for bottles, high-barrier
blisters, and low- or quasi-barrier blisters.

POTENTIAL APPLICATION AND USES 
Moisture permeability of the container is often found to be a product CQA for solid oral dosage
forms. Once the stability performance has been assessed and found suitable in one or more
container–closure systems, a maximum demonstrated level, or proven acceptable range (PAR),
can be established. Moisture permeability of the container–closure system is defined by the
MVTR, normalized by the number of dosage units in the container (MVTR/m). The MVTR/m links
the performance of the container–closure system to the quality of the product in the container.
Once the PAR of MVTR/dosage unit for a given drug product has been established, and the
suitability of one or more container–closure systems has been demonstrated by stability testing
and/or other means, MVTR/m may be used as a measure of moisture protection to support
changes to the container–closure systems that fall within the established PAR. 
A hypothetical example may help to illustrate these points. Product X underwent stability
testing in unit dose blisters (using two different blister films), and also in an HDPE bottle with a
fill count of 30 tablets. In this example, the dissolution rate is a drug product CQA, and slow-
down of the dissolution rate, caused by moisture ingress, affected stability (see Table 1).

Table 1. MVTR for Different Container Closures
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Container Closure
MVTR/

Containera

MVTR/
ma 

(mg/day)
Drug 

Product

250-µ PVC blister 3.1 3.1 Fail
250-µ PVC/60-gsm PVDC blister 0.8 0.8 Pass
60-cc HDPE bottle, 30 count 1.2 0.04 Pass

a  Tested using USP general chapter 671.1 .

In the example in Table 1, PVC blisters with an MVTR of 3.1 mg/day/tablet were unable to
provide adequate protection against moisture ingress, and the product failed to meet the
specification of the dissolution rate. But higher-barrier packaging, in this case PVDC-coated
blisters and 30-count, 60-cc HDPE bottles with a MVTR of 0.8 mg/day/tablet and 0.04
mg/day/tablet, respectively, did provide adequate protection. A maximum demonstrated PAR for

moisture permeability of 0.8 mg/day/tablet was established. 
If there is a subsequent need to introduce additional presentations in other Center for Drug
Evaluation and Research (CDER)-approved container–closure systems that fall within the PAR,
the additional presentations can be scientifically justified without the need for further stability
testing. For example, if after launch there is a commercial need for a bottle containing a weekly
dose of 7 tablets, or a bottle for use as a mail order package containing 90 tablets, those two
presentations could be justified based on the data below (see Table 2).

Table 2. MVTR for Different Bottle Sizes and Counts

Container Closure

MVTR/
Containera 
(mg/day)

MVTR/ma 
(mg/day)

Maximum
Demonstrated 

MVTR/ma

40-cc HDPE bottle, 7 count 0.95 0.14 0.8
100-cc HDPE bottle, 90 count 1.7 0.019 0.8

a  Tested using USP general chapter 671.1 .

In fact, if moisture permeation is the only CQA for the packed finished product, it can be
argued that there is no need to perform stability testing in HDPE bottles at all, providing that
the suitability of the bottles is demonstrated through other means (such as compliance with
the appropriate CFR and USP tests) and the bottles have been used previously for a CDER-
approved solid oral dosage form. In this example, the data show that the HDPE bottles with any

fill count of two or more tablets would fall within the PAR of 0.8 mg/day/tablet. 
The ability to use a common moisture permeation test method and a product-centric
measurement of MVTR/m for both blisters and bottles permits the pooling of performance data
from both container–closure systems to establish a PAR for moisture permeability as a product
CQA. This ensures that drug product quality is maintained, rather than using the container-
centric test to classify performance of a container–closure system as “Class A” or “tight
container.” For the pharmaceutical manufacturer, the product-centric paradigm enables and
facilitates a scientifically justified determination of the PAR unique to the product that permits
the addition of new presentations that fall within the PAR, avoiding the need for additional
stability testing and regulatory review. The use of MVTR/m for container evaluation and
justification is an application of Quality by Design (QbD) principles in current pharmaceutical
packaging. 
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By applying QbD principles to container–closure systems, scientifically justified limits of moisture
permeability can be defined. The moisture permeation test results and the PAR derived from
those tests should be discussed in the Pharmaceutical Development section of the regulatory
submission to support the selection of the container–closure systems and materials of
construction. It is also important to indicate, in the control strategy, the steps that will be
taken to ensure that the PAR will be met in day-to-day production. Moisture diffusion through a
material is affected by the properties of the material, and its amount or thickness. Control of
the MVTR can be met through acceptance specifications to confirm material identity and the
weight or thickness of the material. In-process control checks can confirm seal quality.

CONCLUSIONS AND RECOMMENDATIONS 
A new method to assess the moisture-barrier property of container–closure systems for solid
oral dosage forms has been published (1). This new method uses steady-state permeation data
for measurement of the MVTR of container–closure systems. Results obtained with this method
are highly repeatable and reproducible. The method is capable of differentiating between the
performances of high-barrier container–closure systems. 

Accelerated temperature and humidity conditions of 40 /75% RH are used for measurement of
container MVTR. The use of the accelerated conditions permits clear differentiation among
moisture-barrier performances of a wide range of container–closure systems. Separate methods
using the same test conditions were established for both high- and low-barrier container–

closure systems, based on anticipated moisture-barrier performance. The use of 40 /75% RH is
aligned with the ICH Q1A(R2) (1) accelerated product stability storage conditions. Measuring
container–closure moisture barrier performance using the same accelerated conditions enables
prediction of drug product stability over the accelerated stability storage period, when moisture
content is correlated with drug product stability. 
The MVTR/m principle links the container barrier property to the quality of the drug product in
the container. MVTR/m is a valid parameter for comparing barrier performance across different
container–closure systems, e.g., bottles and blisters, or for making changes to existing
container–closure systems. The method can be used to establish a PAR of required moisture-
barrier protection for solid oral dosage forms. Changes to container–closure systems that fall
within the PAR can be justified without prior product stability testing when moisture is the only
CQA for packaged drug products during storage. This approach has the advantage of reducing
regulatory burden for both the manufacturer and the regulator.
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of the USPC or the USP Council of Experts

USP Controlled Room Temperature Range Expansion

Desmond G Hunt,a Chris Chandler,b David A. Ulrich,c Richard Poska,c and Arminda Monteroc

ABSTRACT This article provides a brief overview of drug product stability studies and practices
with a focus on temperature control during storage and distribution. Recent stability studies
support redefining controlled room temperature (CRT) by broadening the permitted range when
appropriate for specific products. The objectives of this Stimuli article are to initiate discussion
and solicit public comments regarding a potential revision—as yet unproposed in PF—of USP's

definition for Controlled Room Temperature from 20 –25  to 2 –30 .

BACKGROUND 
The design of stability studies during pharmaceutical product development and registration
takes into account expected supply-chain storage and distribution conditions in anticipated
markets. These studies include open-dish research on newly discovered drug substances,
studies on various clinical formulations, and evaluation of varied packaging configurations.
Relatively early in the development process, research teams gain awareness of the general
stability of a compound as well as the effects of formulation on product stability. By the time
formal registration studies are initiated, temperature and humidity conditions are built into the
studies to represent environments outside the typical International Congress on Harmonization
(ICH) Zone II conditions and to include ICH Zone IVb conditions, if within product capability
(See Table 1, Table 2, and Table 3.). Thus, stability studies support the most stringent markets
and storage and distribution environments.

Table 1. ICH Stability Zones

Zone Type of Climate

Zone I Temperate zone
Zone II Mediterranean/subtropical zone
Zone III Hot dry zone
Zone IV Hot humid/tropical zone
Zone IVb ASEANa testing conditions: hot/higher humidity

a  ASEAN, Association of Southeast Asian Nations.

Table 2. Long-Term Testing Conditions

Climatic Zone Temperature Humidity Minimum Duration

Zone I 21 ± 2 45% ± 5% rH 12 months
Zone II 25 ± 2 60% ± 5% rH 12 months
Zone III 30 ± 2 35% ± 5% rH 12 months
Zone IV 30 ± 2 65% ± 5% rH 12 months
Zone IVb 30 ± 2 75% ± 5% rH 12 months
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Refrigerated 5 ± 3 No humidity 12 months
Frozen (ICH) 20 ± 5 No humidity 12 months
Frozen (USP) 10 to 25 No humidity —

Table 3. Accelerated and Intermediate Testing Conditions

Climatic Zone Temperature Humidity Minimum Duration

Accelerated ambient 40 ± 2 75% ± 5% rH 6 months

Accelerated refrigerated 25 ± 2 60% ± 5% rH 6 months

Accelerated frozen 5 ± 3 No humidity 6 months

Intermediate 30 ± 2 65% ± 5% rH 6 months

Temperature ranges permitted during pharmaceutical product distribution, as well as the labeled
storage conditions, are inseparably linked to stability data for each product. In 2004,
regulations for “cold chain” shipping practices established the requirement that distributed

products had to be shipped within their labeled storage temperature range (typically 2 –8  as

per USP general chapter Packaging and Storage Requirements 659 ), regardless of unlabeled
stability data supporting otherwise. 
As for the impact of ambient humidity excursions during distribution, if a drug product's primary
packaging system has been qualified and offers moisture protection matching the product's
stability testing and sensitivity over its shelf life, there is no need to monitor for the humidity
impact.1 Thus, the pharmaceutical industry has focused solely on ensuring temperature control
during distribution. 
Changes in the regulatory landscape since 2004 have expanded the definition of “temperature-
controlled distribution” to include all storage conditions for pharmaceuticals, including controlled
room temperature (CRT) products. Expansion of the regulations to encompass CRT makes it
difficult to ship products at their labeled storage range. A significant reason for this is that
currently marketed CRT products are not labeled to conform to a standard storage temperature

range, as with cold chain products. The temperature range for USP CRT is defined as 20 –25 —

however distribution is allowed in a cool 8 –15  place or refrigerated 2 –8  places.2 CRT ranges
on product labels can vary, even within an organization, and can differ from the USP definition
(see Figure 1).
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Figure 1. CRT ranges on product labels.

The current USP temperature range for CRT is very narrow and does not take into account
expanded drug product stability data. Tight storage ranges can result in perceived shipping
excursions and rejected lots for products that would certainly meet USP product specifications.
Thus, the lack of an industry-accepted CRT label range creates difficulties in distribution
controls. In addition, the current technology (e.g., temperature monitoring, packaging) in place
for temperature-controlled products has been developed specifically for products distributed at

2 –8 , and when utilized for CRT distribution, tends to be costly and extremely inefficient.

REDEFINING CONTROLLED ROOM TEMPERATURE: LABELING FOR STORAGE AND
DISTRIBUTION CONDITIONS 
The pharmaceutical industry aims to generate stability data that can support labeling products
with a wide temperature range. A wide range can encompass typical excursions encountered
when shipping products, including pharmacy mail order distribution and the patient in-use

period. As industry accomplishes this objective, the current CRT range of 20 –25  is becoming
outdated, creating the need to redefine the temperature ranges around which industry can
continue to design stability studies. For example, if a drug product (chemical molecule/solid

dosage form) is stable at room temperature (25  or 30 ) for 24 months and is also stable at 2

for 24 months, there is no benefit, and potentially a disadvantage, to label as opposed to 20 –

25  vs. 2 –30 . Furthermore, if freeze-thaw studies for solid dosage forms demonstrate that
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there are no physical stability issues at 15 , then labeling the product “ 15  to 30 ” would

be appropriate; however, labeling that says store below 30  or do not freeze could create
confusion without including the lower limit. Such stability data, which are generated at all
stages of a product's life cycle, can be and are being used to expand the distribution
temperature ranges on the labels of drug products. Utilizing mean kinetic temperature (MKT) is
acceptable if a program is developed to use MKT with upper and lower temperature boundaries
and the destination country allows the use of MKT.3

CONCLUSION 
Historically, stability studies supported product storage in a relatively narrow temperature range

such as 20 –25  or 15 –25 . In light of recent research and requirements from governments,
pharmacists, and patients, this Stimuli article advances a view that the definition of CRT in USP

general chapter Packaging and Storage Requirements 659  be revised to take into account

and permit ranges supported by stability data, for example “store between 2  and 30 .” The
proposed expansions of the CRT range in USP would facilitate the distribution of drug products,
remove uncertainty, and promote long-term value to industry by building a strong foundation of
stability data. The aforementioned will ultimately promote the efficient distribution of products
among global partners in the ever-expanding CRT and cold chain environment (see PDA
Technical Report 53).4 This will also help standardize the definition of CRT and develop a CRT
range that is more consistent with other countries' Ministries of Health and current distribution
models.5 
It is recommended that both the primary packaging and the case labels list both the storage
conditions (and distribution conditions if different) and typical excursion temperature data, e.g.,

store below 30 , excursion to 40  for 1 month.

a  USP Scientific Liaison. Correspondence should be addressed to: Desmond G. Hunt, Ph.D., Senior Scientific
Liaison, USP, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; 301.816.8341; e-mail dgh@usp.org.

b  USP Packaging, Storage, and Distribution Expert Committee.

c  AbbVie Inc.

1  Seevers R.H., Yoon S., and M.K. Schineller. An Assessment of the Impact on Pharmaceutical Product Quality
Resulting from Humidity Exposure during Distribution by Modeling Moisture Ingress, PF 38(6), 2012.

2  Packaging and Storage Requirements 659 , USP 36–NF 31, 2013.

3  Seevers R.H., Hofer J., Harber P., Ulrich D.A., and R. Bishara. The Use of Mean Kinetic Temperature (MKT)
in the Handling, Storage, and Distribution of Temperature Sensitive Pharmaceuticals.
http://supa.pharmacy.bg.ac.rs/assets/9220.

4  PDA Technical Report No. 53: Guidance for Industry: Stability Testing to Support Distribution of New Drug
Products, 2011.

5  Annex 5 Good Distribution Practices (GDP) for Pharmaceutical Products, World Health Organization, 2010.
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USP Plastic Packaging General Chapters: An Overview

Dennis R Jenke,a Daniel L Norwood,a and Desmond G Huntb

ABSTRACT The purpose of this Stimuli article is to provide an overview of the official or
planned general chapters in a suite of Plastic Packaging General Chapters in the United States
Pharmacopeia (USP). Together these chapters are designed to delineate a general and
chemistry-based approach for establishing the safety and quality of packaging systems and
their materials of construction for pharmaceutical products. Key topics discussed include a) the
selection of suitable, safe plastic materials of construction; b) the importance of characterizing
both the materials of construction and the packaging system; and c) extractables and
leachables. The various USP chapters discussed are based on the concept that the most
definitive way to establish the packaging system’s suitability for use with a particular
pharmaceutical drug product is to test the packaged drug product, the packaging system, and
the packaging system’s materials of construction and obtain evidence that any interaction,
potential or real, between the drug product and the packaging system is within acceptable
limits.

INTRODUCTION 
The stated mission of the United States Pharmacopeial Convention (USP) is “To improve global
health through public standards and related programs that help ensure the quality, safety and
benefit of medicines and foods.” USP accomplishes this mission by publishing monographs and
referenced general chapters with allied reference materials (standards) that include tests,
procedures, and acceptance criteria. The published test procedures provide definitive results
for food and drug articles under evaluation; such results are used to support accept/reject
decisions. 
The Packaging, Storage, and Distribution Expert (PSD) Committee in USP's Council of Experts is
responsible for developing and revising USP standards related to packaging. During the 2010–
2015 revision cycle, the Expert Committee has worked to delineate a general chemistry-based
approach for establishing the safety and quality of packaging systems and their materials of
construction. The purpose of this Stimuli article is to provide insights into and explanations for
the content of the following revised and new general chapters: Plastic Packaging Systems and

Their Materials of Construction 661 ; Plastic Materials of Construction 661.1 ; Plastic

Packaging Systems for Pharmaceutical Use 661.2 ; Assessment of Extractables Associated

with Pharmaceutical Packaging/Delivery Systems 1663 ; Assessment of Drug Product

Leachables Associated with Pharmaceutical Packaging/Delivery Systems 1664 ; and Orally

Inhaled and Nasal Drug Products 1664.1  These general chapters appear in PF 39(5) [Sept.–
Oct. 2013]. 
Many pharmaceutical products and their ingredients are manufactured, packaged, stored,
delivered, and/or administered using packaging systems. Interactions between the products
and/or ingredients and their packaging systems can affect the quality of the product, or less
frequently, the quality of the packaging systems themselves. These interactions are either
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additive, reductive, or transformative. If the interaction is additive, a constituent of the
packaging system is added to the product due to the interaction. If reductive, a product
constituent is reduced, in either level or action, due to its uptake into the packaging system. If
the interaction is transformative, the product is transformed (for example, loss of stability) due
to a physicochemical interaction with the packaging system. An additive, and sometimes
transformation, interaction can reflect a single physicochemical process where extractables,
organic and/or inorganic chemical entities, migrate out of the packaging system and
accumulate as leachables in the product. Leachables in a pharmaceutical product can affect
safety and/or efficacy. Regulatory guidances on this subject include recommendations for the
chemical analysis and the toxicological safety assessment (qualification) of leachables (1–4).
The combination of chemical analysis and impact assessment establishes that a packaging
system is suited for its intended use. To comply with regulations and to establish the quality
and safety impact of a packaging system, numerous medical polymers and elastomers have
been characterized for their extractable substances. Similarly, many pharmaceutical products
have been characterized for polymer- and elastomer-related leachables. The scientific and
practical issues associated with chemical safety assessment in general, and extractables or
leachables in particular, have been enumerated, considered, and discussed (5,6). Nevertheless,
consistency in the design and execution of the various chemical assessment studies is
sometimes lacking. While the studies are driven by the general principles of good science, it is
not clear which principles and practices establish or otherwise reflect good scientific methods,
processes, and practices.

GENERAL PRINCIPLES 
Packaging systems are constructed from materials of construction that can interact with a
pharmaceutical product that contacts these systems at some point during manufacturing,
storage or administration. In general, the materials of construction most commonly utilized in
these systems include glass, metals, plastics and elastomers. Thus standards that address the
safety and efficacy impact of interactions between packaging systems and pharmaceutical
products they contact must consider these diverse materials of construction and should include
relevant and appropriate test methods and specifications for these materials. The PSD Expert

Committee is currently focusing on revising general chapter 661 . This is necessary and

appropriate as (1) 661  has historically been linked to plastic materials and systems, and (2)
USP has individual general chapters that deal with the other materials of construction (for

example Elastomeric Closures for Injections 381 , Containers—Glass 660 , and Containers

—Metal 662  (which is under development)). Thus, this article, which is focused on the 

661  revision, addresses plastic packaging systems and plastic materials of construction to the
exclusion of the other materials of construction. This article also discusses general chapters on

extractables and leachables— 1663  and 1664 series specifically. While 661  focuses on

plastics, 1663  and the 1664  series are relevant and applicable to all packaging systems,
regardless of their materials of construction. 
Plastic materials of construction are generated from reagents that are reacted to produce a
base polymer, which is then compounded with various additives to produce a base resin.
Individual base resins are combined with additional additives and processing aids to form a
specified plastic material of construction. Individual plastic materials of construction are
combined to form components of the packaging system, which is completed by assembling its
various components into a final form. Assembled packaging systems are filled with a

PF 39(6): Nov.-Dec. 2013 477



pharmaceutical product by various means and at various points in the packaging system
manufacturing process, thereby generating the packaged product. 
Given the complex nature of packaging systems and their manufacturing processes, multiple
testing procedures are needed to establish their suitability for use with a specific
pharmaceutical product. Furthermore, simply testing the plastic system itself is not the most
effective way to establish its suitability. When considering packaging systems, for example, the
single most important step in ensuring that a packaging system is suited for its intended use is
to select materials of construction which themselves are suited for the intended use in the
packaging system. Thus, testing materials of construction for attributes that are relevant to
their suitability for use provides a rational basis for material selection in designing a packaging
system. Proper selection of materials minimizes the risk that a system made from those
materials will be unsuitable for its intended use. Considering safety specifically, selection of
materials that have the propensity to be safe will increase the likelihood that packaging made
from those materials will be safe. While this reductionist approach is practical and widely
applied, a further definitive measure of a packaging system's suitability for use is obtained by
testing the packaged pharmaceutical product, looking for evidence that one of the three types
of interaction has occurred. 
Taking these comments into account, an effective and efficient process for establishing a
packaging system's suitability for use includes characterization of its materials of construction,
characterization of the systems itself and testing of the packaged pharmaceutical product. The
intermediate step of system characterization is useful and necessary as it bridges the risk
assessment gap between originating materials and finished product testing, and also provides a
means for optimizing pharmaceutical product testing. Materials of construction undergo
considerable stress, such as exposure to high temperatures, while they are being converted
into components of and/or finished packaging systems. Furthermore, processing aids and
additional additives may be introduced during the manufacturing process for a packaging
system. Thus, the extractables profile of a system is likely to be different from, and potentially
more complex than, the sum of the extractables profiles of its materials of construction.
Therefore, the initial assessment of risk made in material selection is appropriately revisited by
testing and qualification of the overall packaging system itself. 
Information about a packaging system's extractables can be used in several ways to optimize
finished product testing for leachables. Consideration of the potential quality and/or safety or
impact of extractables may facilitate identification of leachables that might adversely affect
product quality. Such leachables of potential concern would necessarily be among the targeted
analytes in testing of a final pharmaceutical product either alone or in its packaging system.
The targeting of specific leachables, as opposed to the screening of pharmaceutical products
for unspecified leachables, has significant analytical benefits, including the ability to develop,
validate, and utilize test procedures that are sensitive, specific, and accurate. Further,
extractables (and their accumulation levels in extracts) can be predictive of the levels of
leachables in the finished product, depending on how well the extraction conditions mimic the
pharmaceutical product's actual conditions of clinical use. If the extraction conditions are such
that they accelerate and modestly exaggerate the product's clinical use conditions, then the
extractables and their levels in the extracts can be extrapolated to estimate the maximum
levels of leachables in the finished product. If such extractables are assessed for their safety
or quality impact, the results of that assessment can be extrapolated as well to the
pharmaceutical product. If no adverse impact is found based on the extractables data, then no
adverse impact can be inferred with confidence for the leachables in the pharmaceutical
product either alone or in its packaging system. 
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This three-step process for the qualification of finished products, packaging systems, and
materials of construction has been illustrated in Figure 1, the Chemical Assessment Triad (7).

Figure 1. Generalized Chemical Assessment, the Chemical Assessment Triad. A simulation study
may be an appropriate and effective bridge between the material characterization process,

which establishes extractables that are tentative leachables, and product assessment, which
measures confirmed leachables. As the name suggests, a simulation study seeks to mimic the
product assessment by using simulating solvents to facilitate the analytical tasks and using
extraction conditions which accelerate the product contact conditions. The simulation study

may be the basis of a preliminary toxicological assessment and can be used to establish target
leachables to be measured during product assessment.

SAFETY AND QUALITY QUALIFICATION OF PACKAGING SYSTEMS 
In the previous discussion, a three-stage process was established for suitability-for-use
assessment of packaging, administration, and manufacturing systems, focusing on safety and
quality. These stages included material-of-construction characterization, packaging system
characterization, and pharmaceutical product characterization. Although such a process
establishes the general strategy for suitability-for-use assessment, it lacks the details which
establish how to perform such an assessment. These details are delineated in a comprehensive
approach entitled Chemical Assessment of Pharmaceutical Products, Packaging Systems and
their Materials of Construction (Figure 2). Via the combination of mandatory and informational
General Chapters, the PSD Expert Committee intends to provide a means for qualifying the
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suitability of use for a plastic system. 

The purpose of official USP general chapter Containers—Plastics 661  is “to provide
standards for plastic materials and components used to package medical articles
(pharmaceuticals, biologics, dietary supplements, and devices).” Resin-specific tests for
polyethylene, polypropylene, polyethylene terephthalate, and polyethylene terephthalate G are
provided in this chapter. Although the chapter has served a useful purpose, it is lacking in its
ability to meet the objective of assessing and assuring the safety and quality impact of plastic
systems used in the manufacture, packaging, storage, delivery of a pharmaceutical product.
The current chapter's shortcomings include the following:

The test methods and specifications are not necessarily precise and complete
indicators, or predictors, of the safety and quality impact of plastic packaging,
administration systems, and manufacturing suites.
The test methods could benefit from modernization and harmonization. For example, the
current chapter addresses elemental extractables via the Heavy Metals test described

in 231 , which is being replaced by an instrumental method captured in 232  and 

233 .
The chapter could be expanded to include additional plastics of pharmaceutical interest.
The chapter could be expanded to include plastic pharmaceutical systems other than
packaging, such as administration systems, medical devices, and manufacturing suites.

Although 661  will remain the chapter that does the “heavy lifting” in terms of suitability-for-
use assessment, it will be revised to address these shortcomings. 

The proposed revision to 661  consists of subchapters that are relevant for a particular type
of test article (materials of construction and/or packaging system). Introductory information

contained in Plastic Packaging Systems and Their Materials of Construction 661  is

augmented with testing protocols and specifications for Plastic Materials of Construction 

661.1 ; Plastic Packaging Systems for Pharmaceutical Use 661.2 ; Plastic Systems Used for

Manufacturing Pharmaceutical Products 661.3 ; and Plastic Medical Devices Used to Deliver

or Administer Pharmaceutical Products 661.4 . Of these sections, 661.3  and 661.4

are currently under development and will be published at a later date. As shown in Figure 2, 

661.1  serves as the nexus for the other three related chapters ( 661.2 , 661.3 , 661.4

), because the suitability for use requirements for plastic materials of construction used in
any pharmaceutical application are independent of the application. Thus, when considering a
specific material of construction, the safety and quality assessment of the material is
addressed in the same manner, regardless of its particular application in a packaging system.
Although differentiation between the approaches used to address these different applications is
ultimately necessary, this differentiation is most relevant and appropriate at the system level.
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Figure 2. The general USP strategy for the chemical assessment of finished products,
packaging, delivery and manufacturing systems, and their associated materials of construction,

to establish the system's suitability for use, specifically with regard to safety and quality.

The objective of 661.1  is to provide tests, test procedures and acceptance criteria for
plastic materials of construction used in packaging systems for pharmaceutical products. The
intent of this testing is to ensure that materials of construction selected for study are well-
characterized, because proper characterization of materials of construction facilitates the

identification and use of appropriate materials in pharmaceutical systems. Operationally, 661.1

 includes separate sections for individual plastic materials of construction used in
pharmaceutical systems. Although the test procedures and acceptance criteria for different
individual materials will be similar in some ways, e.g., the dimensions or characteristics of the
materials that are tested, they could also differ based on the specific material involved. For
example, while all individual materials of construction will be tested for extracted metals, the
relevant metals to target and their associated specifications may be material-dependent. 

Plastic packaging systems are specifically considered in 661.2 . This chapter notes that
plastic packaging systems for pharmaceutical use must be suitable for their intended use. The
applicant who seeks regulatory approval of a packaging system or packaged pharmaceutical
product is responsible for establishing that the product's packaging system meets these
expectations. These expectations are met and systems are shown to be suited for their
intended use by ensuring that the packaging system itself and/or the packaged pharmaceutical

product have been appropriately tested. Chapter 661.2  establishes what is meant by
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“appropriately tested,” including the requirement that the packaging system has been
established to be safe by means of the appropriate chemical testing, where appropriate
chemical testing could include extractables testing, leachables testing, and appropriate
toxicological assessment. 

Although 661.2  refers to extractables and leachables testing and toxicological assessment,
it does not provide details or insights into how such testing or assessment is performed. Rather,
the PSD Expert Committee has developed and will further develop chapters on these topics.

Both 1663  and 1664  present a framework for the design, justification, and execution of
either an extractables assessment for pharmaceutical packaging systems or an assessment for
a pharmaceutical product's leachables derived from packaging/delivery systems. The chapters
establish the critical dimensions for assessment of extractables and leachables and discuss the
practical and technical aspects of each individual dimension. Although these chapters are
intended to be informational, helpful and generally applicable, they do not establish specific
experimental conditions, specific tests, analytical procedures, or acceptance criteria for
particular packaging systems or pharmaceutical products. They also do not delineate every
situation in which an extractables or leachables assessment is required. Rather, these
informational chapters are intended to address the question, “If an extractables (or leachables)
assessment is required, what are the scientific principles and best demonstrated practices
under which it should be accomplished?” 

Accompanying chapter 1664  is 1664.1 , which addresses specific considerations for
leachables in metered dose inhalers (MDIs), nasal sprays, dry powder inhalers (DPIs) and

inhalation solutions, suspensions, and sprays. Chapter 1664.1  is intended to bring into USP's
general chapters specific best practice recommendations of the Product Quality Research
Institute (PQRI) related to leachables in Orally Inhaled and Nasal Drug Products (OINDP) (8),
including the first safety-based thresholds for leachables characterization and safety
qualification. 

Both the extractables and leachables assessments addressed in 1663  and 1664  are
exercises in producing analytical data about the composition of an extract or pharmaceutical
product. This body of data is not, in and of itself, an indication of the potential safety or
quality impact of the extractables or leachables. Rather, these data must be interpreted to
infer their safety or quality implications. Thus the PSD Expert Committee plans a general

chapter, 1665 , which will address the toxicological safety assessment of extractables and

leachables. As was the case with the extractables and leachables chapters, 1665  is
expected to provide a framework for performing a toxicological safety assessment, consistent

with existing regulatory guidance (9). As with 1663  and 1664 , 1665  is not expected
to provide specific protocols or specifications, nor would it delineate every situation in which a
toxicological safety assessment is required. However, developments in regulatory requirements
or in the theory and practice of toxicological science may facilitate or require such inclusions. 
Lastly, the PSD Expert Committee recognizes the possibility that establishing the safety and
quality of drugs products would be facilitated by testing those products for leachables, and
that this requirement could appear in the compendial monographs for a specific drug product.

INDIVIDUAL USP CHAPTERS ON CHEMICAL SAFETY AND QUALITY ASSESSMENT:
RATIONALE AND DISCUSSION

Plastic Packaging Systems and Their Materials of Construction 661
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The purpose of general chapter 661  is to establish the rationale behind the testing
requirements and specifications that appear in its subsequent sections. The overarching issue

that is addressed by general chapter 661  in its entirety is established in its Introduction: 
Therapeutic products come into direct contact with packaging systems and their plastic
materials of construction as the product is manufactured, stored and administered. Such
contact may result in an interaction between the therapeutic products and the packaging
systems and its materials or components of construction. These interactions must be such that
the suitability for use (including its safety and efficacy) of the therapeutic product and the
packaging systems is not adversely impacted by the interaction. Obtaining such a necessary
and desirable outcome is facilitated by the use of well-characterized plastic materials of
construction in components, containers and packaging systems and by the appropriate testing
of packaging systems. 

In its section titled Scope, 661  defines the general process by which suitability for use is
established. 
Establishing the suitability of plastic packaging systems for therapeutic products involves
multiple tests and testing procedures, as briefly outlined below:

material screening: characterization of a packaging system's materials of construction
to evaluate ingredients as probable extractables and tentative leachables. Such a
characterization facilitates the identification of materials that are suitable for use in
packaging systems.
system assessment: controlled extraction (simulation) study: worst-case controlled
extraction (simulation) study to determine the extent to which extractables may
become probable leachables.
product assessment: actual-case measurement of confirmed leachables.

Lastly, 661  maps these activities to specific general chapters within the USP–NF:
Testing of these plastic materials of construction to establish that they are well-
characterized and suitable for use in packaging systems is addressed in Plastic Materials

of Construction 661.1 .
Testing of packaging systems to establish that they are suited for their intended use is
within the scope of this chapter and is addressed in Plastic Packaging Systems for

Pharmaceutical Use 661.2 .
Testing of packaged therapeutic products to establish that they are suited for their
intended use is addressed in compendial monographs relevant to the specific
therapeutic product and falls outside of the scope of this chapter.

Plastic Materials of Construction 661.1

general 

The basic tenet of this section of 661  is that knowing the general composition and
characteristics of a material of construction allows one to:

rationally select appropriate materials of construction for use in systems
forecast with some degree of accuracy the identity of the extractables from that
material of construction and from systems that use that material of construction.
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Thus, 661.1  defines a well-characterized material of construction as one whose identity has
been definitively established; biocompatibility (biological reactivity) has been established;
general physicochemical properties have been established; and additives and extractable

metals have been quantified (see Figure 3). The intent of 661.1  is to establish the testing
that is necessary to characterize a material based on these dimensions (each of which will be
addressed in greater detail) and also to provide general specifications that provide some degree
of confidence that the materials will not adversely affect the quality and safety of

pharmaceutical products that are contacted by the material. 661.1  testing cannot be

construed as a guarantee that plastic systems constructed from materials that meet the 

661.1  specifications will be suitable for their intended use; it is rare that the testing of a
system's materials of construction directly and completely translates to testing of the plastic

system. Nevertheless, 661.1  testing leverages the logical connection between material
additives, material extractables, and system extractables and thus provides a useful indication
of the probable suitability-for-use issues for materials and systems.

Figure 3. The five dimensions of testing that must be completed for a material of construction
to be considered well-characterized.

Specific test methods and specifications that appear in 661.1  were identified and adopted
on the basis of three fundamental criteria:

where possible, the tests and specifications should be harmonized with other sources of
regulatory guidance (e.g., Pharm. Eur., ISO 10993).
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where possible, the exact test methodologies should be those that are specified in
appropriate compendial sources. While it may be appropriate and necessary to revisit

and modify or modernize the test methodologies contained in 661.1 , it was not the
purpose of the current revision to both require certain testing and then specify test
methodologies that are new in the sense that they do not currently appear in

compendial sources. This situation notwithstanding, 661.1  allows for the use of
alternate but equivalent test methods and establishes criteria for demonstrating
equivalency.
where possible, the specifications are consistent with those that appear in the
appropriate regulatory guidance documents and compendial sources. While it may be
appropriate and necessary to revisit and modify or update the specifications contained

in 661.1 , it was not the purpose of the current revision to establish specifications
that have not already been adopted in regulatory guidelines or compendial sources.

identification 
Individual materials of construction are classified on the basis of their generic identity, and are

covered separately in 661.1 . Each material needs to be classified so it can be tested
appropriately and compared with the relevant specifications. This is why identification of
materials is a necessary aspect of material characterization. Infrared spectrometry and thermal

analysis are the identification methods currently specified in 661.1 ; however, alternate
methods of identification can be utilized if the alternate methods can be justified and if
specifications for the alternate method are provided and justified. 
Because the sole purpose of identification is classification, the identification only needs to be
sufficiently precise to accomplish this objective. Although it is well known that thermal and
spectroscopic properties may vary among the individual members of a polymer class (e.g., as a
function of their absolute composition or method of production), it is typically the case that all
members of the polymer class will exhibit behavior that is sufficiently consistent to allow proper
classification of the individual member. Thus, while the infrared spectra of plasticized polyvinyl
chloride (PVC) materials may vary somewhat depending on the amount of the plasticizer, the
infrared spectra of all plasticized PVCs will be sufficiently similar that they can be differentiated
from a polyolefin, for example. For this reason, specifications in the USP–NF around material
identification utilize the concept of substantial equivalence. For example, instead of requiring
that the IR spectrum of a sample contains all rigorously specified peaks at rigorously specified
wavenumbers, the specification makes some allowance for “minor spectral differences” arising
from the natural compositional and/or physical variation among polymers of this variation.

biological reactivity 
Use of chemical testing to assess the safety and quality impact of plastic materials in
pharmaceutical systems is necessary, but it is generally neither sufficiently comprehensive nor
definitive approach to be the only approach. Although chemical assessment is an indicator of
safety and quality, it is not a guarantee of safety and quality. Thus, the chemical assessment
should be augmented by orthogonal assessment procedures. Biocompatibility testing is one
such orthogonal procedure. The expectation that plastic materials of construction meet the

requirements of the in vitro biological activity tests (see USP chapter 87 ) has historically

been a part of chapter 661  and remains so in the proposed revision. In addition, if it is
desired that a particular material of construction or plastic system be designated as a member
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of a specific USP plastic class, then the appropriate biological testing specified in USP chapter 

88  is necessary and appropriate.

physiochemical tests 
Physiochemical tests themselves do not provide direct evidence of safety or quality impact
because they do not produce the type of information that can be safety- or quality-assessed
(that is, the identity and concentration of specific extractables). Nevertheless, certain
physiochemical tests can be indicative of potential safety and/or quality issues and can provide
insights into the nature of extracted substances. For example, the total organic carbon (TOC)
content of an extract reflects the total amount of extracted organic compounds. The UV
absorbance of an extract provides some indication of the chemical nature of organic
extractables and also provides a semi-quantitative indication of the levels of organic
extractable. Finally, an acidity/alkalinity titration can provide some insight into the acidic or

basic extractables. Thus these tests are included in 661.1 . Other historically relevant
physiochemical tests, such as non-volatile residue, residue on ignition, and buffering capacity,
are less useful as indictors of safety and quality and thus are no longer included in the revised 

661 . USP's replacement of the Heavy Metals Test (based on sulfide precipitation) with

instrumental methods for measuring elemental impurities prompted modification of 661  to
address this change.

extractable metals 
A relevant safety and quality attribute of a packaging system is its propensity to leach metals
and other substances that are measured as elemental impurities. The chemical literature
documents numerous instances when metallic or elemental leachables had a discernible and
sometimes undesirable effect on product safety and/or quality. Thus the question for the
Packaging, Storage and Distribution EC is not whether to include extractable metals testing and

specifications in 661.1 , but rather what form that testing should take and what should be
the appropriate specifications. Considering the form of the testing, the two major
considerations are the generation of the test samples and the means by which these samples

are tested. Regarding generation of the test sample, 661.1  notes that “plastic materials
used in packaging systems for medical articles do not dissolve under the conditions of use.
Rather, substances derived from packaging systems accumulate in the packaged articles by the
process of leaching (extraction). Thus the appropriate and relevant sample-preparation process
for assessing extractable metals (elemental impurities) in a packaging system’s materials of
construction is extraction, as opposed to complete digestion, of the plastic material.” 
Considering the means for testing the extract, it is clear that atomic spectroscopy, in general,
and inductively coupled plasma spectroscopy or spectrometry in particular, are the methods of
choice due to their performance capabilities and their wide application and availability. 
Regarding the specifications, there are two sides to the question of what are the relevant and
appropriate specifications. Both the USP and ICH are developing documents that address
elemental impurities in finished drug products. These documents are relevant to plastic systems
and their materials of construction because these systems and materials are potential sources
of the elemental impurities. However, as the USP and ICH documents are under development,

review, or implementation, they cannot serve as meaningful resources for 661.1  at the
current time. Additionally, these documents might not specify which of the elemental impurities
relevant for finished drug products are also relevant to plastic systems. Lastly, the documents
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may not clarify the relationship between specifications for elemental impurities in the finished
drug product and the corresponding specifications for packaging systems. It is likely that a
subset of the elemental impurities relevant and appropriate for drug products would be
appropriate for plastic systems and that the limit for total elemental impurities in drug products
may not translate directly to the limit for total extractable metals in plastic systems. 

To address the current ambiguity regarding elemental impurities derived from plastic systems, 

661.1  establishes the concept of relevant metals, where a relevant metal is one which is a
known component of the plastic material or could potentially arise from the plastic's starting

materials, additives, or manufacturing residuals. 661.1  requires that plastic materials of
construction be tested for those metals that are relevant to that material. These metals
include, but are not necessarily limited to, those which appear in the compendial literature
(e.g., European Pharmacopeia). Such a list of compendial metals must be augmented with
those metals that the user or vendor can reasonably conclude may be present in the material
due to its composition and manufacturing process. It is the responsibility of the user of the
material to compile and justify the material’s list of relevant extractable metals/elemental
impurities. 

Specifications that appear in 661.1  for relevant extractable metals were established in the
same way that the list of relevant extractable metals was established. If the relevant
extractable metal appears in a material’s section 3.1 monograph in Ph. Eur., then the

specification for that metal in 661.1  was harmonized with the specification in Ph. Eur. If the
relevant extractable metal was established by the material’s vendor, then the material's vendor
must also specify an appropriate specification for that relevant extractable metal, consistent
with the specifications contained in the Ph. Eur. for its listed relevant extractable metals. 
Once a global consensus is reached regarding element impurities in drug products, and once
that consensus is interpreted in the context of contributions from plastic systems, it is

expected that 661.1  will be modified to reflect that consensus and maintain consistency
with it.

plastic additives 
Information about the substances that can be extracted from plastic materials of construction
is relevant and necessary for ascertaining the material's potential safety and quality impact
when it is used in a system. Thus, as noted previously, materials are tested for relevant
extractable metals. Following the same logic, one might conclude that materials should also be
tested for extractable organics. However this conclusion should be tempered by noting that
there is a trade-off between the value of such information and the effort required to obtain it.
Extractables testing would be highly valued during material screening and selection if it were
the only means of characterizing the material so that appropriate materials of construction
could be selected. However, this is not the case. It is noted that suitability for use of the
plastic system can be inferred from the suitability for use of its materials of construction and
that this inference is sufficiently strong that it can be the basis for material screening and
selection. The question is “what minimum set of tests is sufficiently complete that it can be
used as the basis of material selection?” While organic extractables profiling of materials can be
the basis of material selection, it does not represent the minimum set of tests that can
accomplish this objective. Firstly, screening multiple extracts for an unspecified number of
unknown organic extractables using multiple test methods involves a much greater level of
effort than profiling a single extract for a list of targeted, relevant metals using a single
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analytical method. Secondly, it is noted that organic extractables related to a packaging
system can be inferred from the composition (e.g., list of ingredients or additives) of its
constituent materials of construction. Thus, if one knows the composition of a material of
construction, one can infer the material's extractables via the clear relationship that exists
between ingredients and extractables, specifically that organic extractables are generally
derived from a material’s constituents. Because ingredient information can be obtained more
readily than extractables information and because ingredient information can be used to

forecast extractables, 661.1  is based on characterizing materials for their ingredients
(additives) versus their extractables. 
The current state of knowledge about the chemistry of common material ingredients is
sufficiently mature that one can establish with confidence the decomposition products and
related substances profile of many commonly used polymer additives. Consider, for example, the
case of a polyolefin material stabilized with two commonly used antioxidants, Irganox 1010 and
Irgafos 168. As shown in Figures 4 and 5, the chemistry of these two antioxidants is well
documented, and therefore it is relatively straightforward to compile a list of the antioxidant's
degradation products and related substances. It is the antioxidants themselves and their
degradation products and related substances that establish the polyolefin's extractables profile.
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Figure 4. Degradation products and related substances for Irganox 1010. Irganox 1010 and its
related substances are organic extractables for plastic materials formulated with this additive.
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Figure 5. Degradation products and related substances for Irgafos 168. Irgafos 168 and its
related substances are organic extractables for plastic materials formulated with this additive.

As this example illustrates, if one can establish a material's composition, one can infer the
material's organic extractables profile with sufficient accuracy that the inferred profile can be
the basis for material selection (or rejection). Thus, materials of construction are characterized
for their polymer additives, and not profiled for their organic extractables, for the purpose of
material screening and selection. 
In the process of characterizing a plastic material for its additives, it is necessary to establish
test methods and specifications for the additives for the individual plastics. As was previously

noted, the choice of analytical methods for polymer additives in 661.1  was predicated on
the tenet that where possible, the proposed test methodologies should be those that are
currently specified in appropriate compendial sources. Similarly, specifications for additives that

appear in 661.1  are consistent with those that appear in the appropriate regulatory
guidance documents and compendial sources. Although it may be appropriate and necessary to

revisit and modify or update the test methods and specifications contained in 661.1 , it is
not the purpose of the current revision to establish methods and specifications which have not
already been adopted in regulatory guidelines or compendial sources.

 What if a specific circumstance is not addressed in 661.1 ? 

An important aspect of 661.1  is its recognition that the development, testing, assessment,
and registration of materials and systems are not mature activities or sciences, and thus it is

impractical to expect that the 661  chapters will be all-encompassing and completely
consistent with the latest developments in material, analytical, toxicological, and regulatory
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science. For example, 661.1  recognizes that “in view of the wide variety of materials and
packaging systems available and recognizing possible new developments in materials and
packaging systems, it is possible that plastic packaging systems could be constructed from
materials that are not specifically addressed in this chapter.” Rather than suggesting that if it

isn't in the USP, it can't be used, chapter 661.1  notes that “the fact that the material of
construction is not addressed in this chapter does not preclude its use in the packaging
system. However, such a material of construction must be characterized by methods equivalent
in intent and performance to the methods specified in this chapter.” To meet this requirement,
such a material of construction must be identified by appropriate methodology, tested for
biocompatibility and physicochemical properties by the methodology listed in the chapter, and
tested for additives and relevant extracted metals by an appropriate methodology. 
Additionally, specifications must exist for such materials of construction, and those
specifications must be consistent with the specifications listed in the chapter. It is logical and
appropriate that a material's vendor or user would be responsible for the development and
justification of the necessary test methods and their associated specifications. 

Furthermore, 661.1  provides a second option for the assessment of materials that do not

have corresponding or relevant chapter sections. To wit, 661.1  states that “individual
plastic materials of construction are deemed to be well characterized and appropriate for use if

they are used in a packaging system that meets the relevant specifications in 661.2 . Thus

individual materials of construction are deemed to have met the relevant specifications in 

661.1  if the packaging system in which they are used meets the relevant specifications of 

661.2 , subject to agreement by competent authority.” However, this option is limited in its
applications because “such a conclusion is valid only in the context of the specific packaging

system that meets the 661.2  specifications and cannot be extended to other packaging
systems that use the same material (or materials) of construction.” Thus, “a material of

construction used in one packaging system that meets the relevant specifications of 661.2

is deemed to have met the specifications of 661.1  only for that one packaging system. If
the same material of construction is used in another packaging system, then its suitability for
use in that other packaging system must be established by another means (for example, the
testing specified in this chapter).” 

Chapter 661.1  also considers the possibility that candidate materials of construction for

systems may contain additives other than those specified in 661.1 . Clearly, such candidate

materials must be tested for these additives that are not specified in 661.1 . Thus, both the
procedures and the specifications for additives not specified in the chapter must be established
and should be made consistent with those used for materials that are specified in the chapter.
The responsibility for establishing such procedures and specifications rests with the material's
vendor or user. 

Lastly, a similar approach is taken for test methods. 661.1  recognizes that “the test
methods in this chapter are appropriate for these tasks as evidenced by their longstanding
inclusion in the compendia, and thus they reflect acceptable practices. Other methods may be
equally suitable.” Thus, “the recommendation of specific tests, test methods, and test
parameters does not preclude the use of other suitable methods and procedures, but the
conditions presented in this chapter take precedence for official purposes.” Should the sponsor
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take the path of using alternate methods, the chapter provides general performance guidelines,
noting that: 
Alternative test methods and conditions must be demonstrated to be suitable by means of
appropriate and sufficient validation data. Important aspects of alternative methods include the
completeness of the extraction process and the specificity, sensitivity, and applicability of the
analytical test methods. Extraction methods employed must have a demonstrated ability to
quantitatively transfer additives from the material to the extracting medium and must do so
without modifying the chemical nature of the additive unless such modification is an integral
part of the test methodology. Test methods employed must have equivalent ability compared
to the test methods contained in this chapter to produce a clear and unambiguous
identification of all relevant additives at levels at least as low as the levels specified in this
chapter.

Plastic Packaging Systems for Pharmaceutical Use 661.2

general 

The basic tenet of this section of 661  is that packaging systems must be qualified to
establish their suitability for use. A packaging system that is suitable for use should:

protect the pharmaceutical product adequately
function properly
be compatible with the pharmaceutical product (i.e., the product ingredients are not
adsorbed onto the surface or into the body of the packaging system and do not migrate
through the packaging system; also, the packaging system does not release substances
that then accumulate in the product in quantities sufficient to affect its stability)
be composed of materials that are safe for use with the pharmaceutical product (i.e.,
the packaging system does not release substances that then accumulate in the product
in quantities that present a risk of toxicity, thereby compromising user safety).

Certain aspects of suitability for use are mentioned in 661.2  but not covered by 661.2 ;
these include protection, compatibility, and functionality. The aspects of protection and
functionality are more appropriately addressed in chapter Packaging and Storage Requirements 

659 , while the compatibility between a packaged drug product and its packaging system is
most appropriately addressed by testing the packaged drug product (e.g., over the course of

development and stability studies conducted in the commercial plastic packaging). Thus 661.2

 focuses on the safety aspects of a packaged drug product's packaging system. 

The intent of 661.2  is to establish the testing needed to produce the data required for
establishing the packaging system's safety and to provide specifications that establish the

requirements for safe packaging systems. 661.2  refers to this process of establishing the
safety of packaging systems as chemical assessment (Figure 6) and notes that a packaging
system is chemically suited for its intended use if:

the packaging system is constructed from well-characterized materials as established

by testing according to Plastic Materials of Construction 661.1
the packaging system's general physicochemical properties have been established
the packaging system's biocompatibility (biological reactivity) has been established
the packaging system has been established to be safe by means of the appropriate
chemical testing and toxicological assessment
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the packaging system is chemically compatible with the packaged product, as
established by appropriate compatibility assessments (e.g., stability studies).

Figure 6. The five dimensions of testing that must be completed for a packaging system to be
considered suited for its intended use with respect to safety.

Considering the fourth bullet point further, 661.2  notes that appropriate chemical testing
involves performing extractables testing, leachables testing, and the relevant toxicological
assessment. The specified toxicological safety assessment should be performed for each
individual member of the packaging system's extractables profile (or each member of the
contained product's leachables profile, as appropriate) to demonstrate that the user safety risk
associated with each individual leachable (or extractable as worst case leachable) is
acceptable and that the probable safety risk posed by all leachables (or extractables as worst
case leachables), considered individually, is within acceptable parameters. As noted previously,
the fifth bullet point, which addresses the compatibility of the packaged product and the

packaging system, is outside the scope of 661.2 . 

As was the case with 661.1 , the methods and specifications that appear in 661.2  were
identified and adopted based on the fundamental criteria that (1) the methods and
specifications should be harmonized, to the extent possible, with existing sources of regulatory
guidance; (2) the test methods should be adopted from existing compendial sources (method

modifications will be addressed, as is necessary and appropriate, in future revisions of 661.2
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), and (3) specifications should be adopted from existing compendial sources and/or regulatory
guidance sources.

use of well-characterized materials of construction 

In 661.1  it was proposed that the single most important step in designing a safe packaging
system is to use well-characterized materials of construction specifically selected for their

anticipated low safety risk (among other properties). 661.2  also requires the use of
specifically characterized and judiciously selected materials of construction in packaging
systems.

biological reactivity and physiochemical tests 
Performance of biological reactivity and physiochemical testing was justified previously for
materials of construction, and the same reasoning is valid for packaging systems. However,
because biological reactivity and physiochemical testing was performed on all materials of
construction, it may seem redundant to perform such testing again on the packaging system.
This perception is inaccurate in three ways. First, materials of construction may be altered
when they are processed into packaging systems, e.g., a material could be molded to produce
a component of the packaging system, and that component might be sterilized by gamma
irradiation prior to being mounted onto the packaging system. Exposure to such stresses (high
temperature, ionizing radiation) could have a marked effect on the material's extractables
profile. 
Second, the processes used to convert the materials of construction into components, and the
assembling of components into packaging systems, may result in chemicals being added to the
system. For example, an auxiliary antioxidant might be added to a resin before its extrusion as a
film to ensure its integrity over the anticipated shelf-life of the packaged product. In another
example, slip- or mold-release agents might be used to facilitate the manufacturing operation.
Bonding agents, glues, or adhesives may be needed to attach component A to component B in
the packaging system. In all of these cases, it is clear that the packaging system is not merely
the sum of its individual materials of construction, and that it is appropriate to test the
materials of construction and the packaging system via similar general test procedures. 
And third, it is noteworthy that materials of construction and packaging systems are not tested
in the same manner. Consider the case of secondary packaging, in which there is no direct
contact between the secondary packaging and the packaged drug product. The materials of

construction of the secondary packaging are tested per 661.1  by directly contacting the
test material with the extracting solvent under consistent extractions conditions. However, the
conditions experienced by the secondary packaging materials during packaging system testing (

661.2 ) differ greatly from the conditions of extraction of the materials of construction.
Because packaging system testing is performed with the actual packaging system, the
secondary packaging will not be directly exposed to the fill solvent (extracting solvent) during
the extraction process. Moreover, it is likely that the proportion or amount of secondary
packaging extracted per unit volume of extraction solution will be different for material
characterizations versus packaging system evaluation. Finally, the temperature and duration of
the material and system extractions differ. The combination of all these factors strongly
suggests that the extractables profile of the packaging system could differ from the composite
extractables profiles of the individual materials of construction. 
For these reasons, it is logical and appropriate that biological reactivity and physiochemical
testing be “repeated” for packaging systems.
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chemical assessment of extractables and leachables, and toxicological safety
assessment 
Chemical characterization of either extracts of a packaging system (extractables) or of
packaged drug products (leachables), followed by toxicological safety evaluation of the
resulting characterization data, is universally recognized as a necessary and appropriate means
of establishing the safety impact of interactions that occur between packaging systems and

their contents. Thus 661.2  requires that all packaging systems be demonstrated to be safe

by performing a chemical assessment. However, 661.2  does not specify the details of the
chemical assessment process, either in terms of the test methods or the specifications. Rather,

661.2  references the relevant USP chapters ( 1663  for extractables and 1664  for

leachables), thereby providing users of 661.2  with a means for designing and implementing
effective, efficient extractables or leachables assessments that comply with regulatory
requirements. 

The flexibility of 661.2  in terms of establishing standardized testing procedures and
standardized specifications is necessary for a general chapter that is applicable to the diverse

universe of packaging systems and packaged drug products. Furthermore, 661.2  in its
current form provides developers and vendors of packaging systems and/or packaged drug
products with the flexibility to operate within the context of their own specific situation and
their own specific risk-management philosophy. The trade-off for having such flexibility is that
it is the responsibility of the developers and vendors to justify their test methods and
specifications. While producing such justifications may be complicated by the circumstance
that the standards by which the justifications are judged are somewhat vague, such as “risk-
based approach” and “good science,” it is proper and appropriate that the justification exists
and that it be judged (and approved) on the basis of its individual scientific and risk-
management merits.

What if a specific circumstance is not addressed in 661.2 ? 

661.1  provided options for situations that it did not specifically cover, for example, materials

or additives that it did not list. Such options are not a necessary part of 661.2 , as 661.2

 is applicable to all packaging systems and for all packaged drug products.

Assessment of Extractables Associated with Pharmaceutical Packaging/Delivery Systems 

1663

As discussed previously, 1663  is an informational chapter intended to present and describe
the best demonstrated scientific practices for accomplishing an extractables assessment. As
stated in the Scope section of the chapter:

The scientific principles and best-practices described in this general chapter are intended
to apply to any extractables assessment or extraction study of pharmaceutical
packaging/delivery systems, packaging components, or materials of construction; the
results of which are intended for establishing extractables profiles. Extractables profiles
can be used in a variety of pharmaceutical development and manufacturing applications,
including the characterization, selection and qualification of materials of construction,
packaging components or packaging/delivery systems; establishing leachables-
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extractables correlations; and/or simulating worst-case drug product leachables profiles.
These scientific principles and best practices can also be applied to materials of
construction and functional components of equipment used to manufacture drug
substances and drug products; e.g., filters tubing and tanks. In addition, these principles
and best practices can be applied to materials of construction for the medical device
component of a combination product, with appropriate consideration of the guidances
and regulations that apply specifically to medical devices.

Further, as stated in the chapter's Background Information:
Extractables assessments can be used to:

characterize packaging/delivery systems, packaging components, combination product
medical device components, manufacturing components, and their various materials of
construction
facilitate the timely development of safe and effective dosage form packaging/delivery
systems, manufacturing systems, and processes by assisting in the selection of
components and materials of construction
understand the effects of various manufacturing processes (e.g., sterilization) on
packaging components and their potential leachables
establish the worst-case potential leachables profile in a manner which facilitates
leachables studies, the development of leachables specifications and acceptance
criteria (should these be required), and the safety evaluation/qualification of potential
and actual leachables
establish the worst-case potential leachables profile in a manner which facilitates the
safety evaluation/qualification of probable leachables when it is not scientifically
possible to determine actual leachables
facilitate the assessment of patient exposure to chemical entities resulting from direct
contact between a patient's body tissue(s) (e.g., mouth, nasal mucosa) and a
packaging or combination product medical device component (e.g., a metered dose
inhaler's plastic actuator/mouthpiece)
facilitate the establishment of qualitative and quantitative leachables-extractables
correlations
facilitate the development of extractables specifications and acceptance criteria (if
these are required) for packaging components, combination product medical device
components, and materials of construction
facilitate investigations into the origin(s) of identified leachables whose presence
causes out-of-specification results for a marketed product.

Chapter 1663  is intended to apply to any situation in which an extractables assessment is
required for pharmaceutical application. Because it is not possible to anticipate every such

situation, and many of these situations will have unique requirements and features, 1663
does not contain required analytical procedures or mandatory extractables specifications and
acceptance criteria for particular packaging and delivery systems or dosage forms. Instead,

chapter 1663  presents and describes in detail the critical dimensions of an extractables
assessment, including the critical dimensions of an extraction study, which is required in order
to create extractables profiles. An extraction study has two critical dimensions: laboratory
generation of the extract (extraction) and testing the extract (characterization), as follows: 
Generating the extract
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General concepts and critical experimental design parameters
Chemical nature of the extracting medium
Extraction time and temperature
Extraction stoichiometry
Mechanism of extraction–extraction technique
Extractions that are not solvent mediated

Characterizing the extract
Objectives and challenges
Processes involved in extract characterization
Scouting
Discovery
Identification
Quantitation

In addition, chapter 1663  discusses how to assess the completeness of an extractables
assessment, and presents two examples of extractables profiles (along with extraction and
analytical characterization parameters), which were generated for materials characterization
purposes.

Assessment of Drug Product Leachables Associated with Pharmaceutical Packaging/Delivery

Systems 1664

Accompanying chapter 1663  is chapter 1664 , which is intended to present a framework
for the design, justification, and implementation of assessments for drug product leachables
derived from pharmaceutical packaging and delivery systems. In many, if not most, cases, such
drug product leachables assessments are based on or facilitated by knowledge from
extractables assessments performed on drug product packaging systems, packaging
components, and materials of construction. Leachables assessments typically include
leachables (migration) studies, which are laboratory investigations into the qualitative and
quantitative nature of particular leachables profiles over the proposed shelf-life of particular
drug products. 
Leachables migration studies can be used within the context of an overall leachables
assessment to:

facilitate the timely development of safe and effective dosage form packaging/delivery
systems, manufacturing systems, and processes by assisting in the selection of
components and materials of construction
facilitate the establishment of qualitative and quantitative leachables-extractables
correlations in drug products, when coupled with appropriate extractables
assessment(s)
establish the worst-case drug product leachables profile in a manner that facilitates the
development of drug product leachables specifications and acceptance criteria (should
these be required), and the safety evaluation/qualification of leachables
identity trends in drug product leachables accumulation levels over the shelf-life of a
particular drug product
facilitate change-control processes for drug product packaging/delivery systems (as
appropriate), packaging components, materials of construction, formulation
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constituents, etc.
facilitate investigations into the origin(s) of identified leachables whose presence
causes out-of-specification results for a marketed drug product.

A complete leachables assessment includes understanding the safety impact of individual
leachables, performing safety qualification of individual leachables, and developing an
understanding of the impact of individual leachables on drug product stability (i.e.,
compatibility). 

Chapter 1664  provides detailed recommendations regarding the design of leachables studies,
leachables characterization, establishing a leachables-extractables correlation, and
considerations in developing leachables specifications and acceptance criteria. The discussion
of leachables characterization includes best-practice recommendations for: analytical
thresholds and their application, analytical method requirements, drug product sample
preparation for leachables analysis, analytical techniques, and quantitative leachables method
validation. In addition, the chapter includes a detailed discussion of the use of simulation
studies for leachables assessment, along with a discussion of inorganic (elemental) leachables.
Simulation studies are used when it is not analytically feasible (due to challenging thresholds)
to successfully discover and identify all actual leachables in a drug product leachables study. In
a simulation study, the activities of discovery and identification of probable leachables are
accomplished in an extraction study, where samples and analyte concentrations are more easily
manipulated to achieve analytical expediency. The differences in study design between a
simulation study and a drug product leachables study are that: (1) the drug product
formulation has been replaced with a simulating solvent that mimics the formulation; (2) the
conditions of contact have been accelerated to increase both the concentrations of probable
leachables and the rates of their migration into the simulating solvent; and (3) the test article
can be the complete packaging and delivery system or separate components of that system.
The utility of the simulation study is that it can be used to streamline, if not replace, the
leachables migration study. If the simulation is effectively accomplished, then the profile of
extractables in the simulating extract should be very similar to the profile of leachables in the
drug product. If this is the case, the profile of extractables can be assessed for impact. It is
logical that potentially impactful extractables would be monitored as target leachables in
leachables migration studies and that the inconsequential extractables might not be monitored
in leachables migration studies. In this way, the actual drug product leachables assessment
then simplifies to a high-sensitivity quantitation of targeted leachables that have been
discovered and identified as part of this extraction study. 

As noted previously, chapter 1664  is accompanied by the chapter 1664.1 , which
addresses specific considerations for leachables in orally inhaled and nasal drug products.

Chapter 1664.1  is intended to bring specific best-practice recommendations of the Product
Quality Research Institute (PQRI) related to leachables in OINDP into the USP, including the
first safety-based thresholds for leachables characterization and safety qualification (8).

Described in chapter 1664.1  is the leachables assessment rationale for OINDP, along with
details on the application of leachables thresholds and best practices to the various OINDP
dosage form types. It is the intention of USP that additional chapters will be developed when
best-practice recommendations for other dosage form types are available. For example, a

future chapter, 1664.2 , will be developed for parenteral and ophthalmic drug products
(PODP).
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